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The once-daily fixed-dose combination e

of olodaterol and tiotropium in the
management of COPD: current evidence

and future prospects

Eric Derom"=’, Guy G. Brusselle and Guy F. Joos

Abstract: Long-acting bronchodilators are the cornerstone of pharmacologic treatment

of chronic obstructive pulmonary disease (COPD]. Spiolto® or Stiolto® is a fixed-dose
combination (FDC) containing two long-acting bronchodilators, the long-acting muscarinic
receptor antagonist tiotropium (T10) and the long-acting B2-adrenoceptor agonist olodaterol
(OLOJ, formulated in the Respimat® Soft Mist™ inhaler. A total of 13 large, multicentre studies
of up to 52weeks’ duration have documented its efficacy in more than 15,000 patients with
COPD. TIO/OLO 5/5pg FDC significantly increases pulmonary function compared with placebo
and its respective constituent mono-components TIO 5pug and OLO 5ug. TIO/OLO 5/5ug also
results in statistically and clinically significant improvements in patient-reported outcomes,
such as dyspnoea, use of rescue medication, and health status. Addition of OLO 5pg to TIO 5pug
reduces the rate of moderate-to-severe exacerbations by approximately 10%. Compared with
placebo and TIO 5pug, TIO/OLO 5/5 g significantly improves exercise capacity (e.g. endurance
time) and physical activity, the latter increase being reached by a unique combination
behavioural modification intervention, dual bronchodilatation and exercise training. Overall,
the likelihood for patients to experience a clinically significant benefit is higher with TIO/OLO
5/5ug than with its constituent mono-components, which usually yield smaller improvements
which do not always reach statistical significance, compared with baseline or placebo.

This supports the early introduction of TIO/OLO 5/5pug in the management of patients with

symptomatic COPD.
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Introduction

Chronic obstructive pulmonary disease (COPD)
is characterized by persistent airflow limitation
caused by smoking or exposure to noxious gases.
Typical symptoms are reduced exercise tolerance,
breathlessness that progresses over the years,
cough and sputum production, which worsen
acutely during an exacerbation and require addi-
tional treatment, unscheduled medical visits and
even hospital care. COPD eventually leads to
reduced activities of daily living, poor quality of
life and premature death.!

Data provided by the Global Burden of Disease
study indicate that more than 300 million people
have COPD worldwide. Of these, 4.7 million will
die from COPD in 2020, corresponding to the
third place in the world ranking of causes of
death, just behind ischemic heart disease and
stroke. COPD also contributes to 29.4million
years lost to disability worldwide.?

In Europe, COPD was responsible in 2014 for
€38.7 billion of direct medical costs. In the
United States (US), direct medical costs burden
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the healthcare budget with US$31.2 billion and a
further US$3.9 billion because of absenteeism
costs. 23

COPD is not curable, but strategies to reduce its
global burden have been developed, comprising
smoking cessation, avoidance of exposure to occu-
pational risk factors, prevention and management
of comorbidities and promotion of physical activ-
ity. The management of the individual patient with
COPD aims to alleviate symptoms, improve health
status and exercise tolerance, and reduce the fre-
quency and severity of exacerbations. It basically
consists of influenza and pneumococcal vaccina-
tion, smoking cessation, pulmonary rehabilitation
as well as treatment with bronchodilating and anti-
inflammatory drugs.!

The 2019 Global Initiative for Chronic
Obstructive Lung Disease (GOLD) strategy rec-
ommends primarily the use of one long-acting
bronchodilator [either a long-acting P,-agonist
(LABA) or a long-acting muscarinic antagonist
(LAMA)] as the first-line therapy for patients
with symptomatic COPD, classified as GOLD B
patients, and proposes to escalate this to dual
long-acting bronchodilatation in the case of per-
sistent symptoms. Likewise, dual long-acting
bronchodilatation is the preferred option in
COPD GOLD C patients, the oligosymptomatic
patients who experience recurrent exacerbations,
in cases of an insufficient response to a LAMA as
first-line treatment. For GOLD group D patients,
dual bronchodilatation is one among several pro-
posed treatment options.!

In the light of these recommendations and the
available scientific evidence, several formula-
tions containing both a LAMA and a LABA
have been developed as fixed-dose combination
(FDC) and approved for marketing in the treat-
ment of COPD. Tiotropium-olodaterol 5/5ug
(TIO/OLO 5/5ug) once daily (Spiolto® or
Stiolto® formulated in the Respimat® Soft Mist™
inhaler; Boehringer Ingelheim, Ingelheim,
Germany) and umeclidinium-vilanterol 55/22 pg
(UMEC/VIL 55/22ug) once daily (Laventair-
Anoro® Ellipta®  GlaxoSmithKline PLC,
London, United Kingdom) are approved world-
wide. Aclidinium-formoterol 340/12pg twice
daily (Duaklir® Genuair®; AstraZeneca PLC,
London, United Kingdom) and glycopyrro-
nium-indacaterol 85/43 ug (GLY/IND 85/43 ug)
once daily (QVA149; Ultibro® Breezhaler®,

Novartis International AG, Basel, Switzerland)
are approved in Europe. In the US, however, the
GLY/IND 27.5/12.5ug formulation is only
approved at a twice daily dose and marketed as
Utibron™ Neohaler®, as are two doses twice
daily of glycopyrrolate-formoterol 18/9.6ug
(Bevespi, Aerosphere®).

We have previously extensively reviewed the thera-
peutic efficacy of TIO/OLO 5/5ug FDC at a once-
daily dose in patients with COPD. We described in
detail its effects on lung function, dyspnoea and
health-related quality of life (HR-QoL) compared
with placebo, the respective mono-components
tiotropium (TIO) 5ug and olodaterol (OLO)
5ug, and the LABA-inhaled corticosteroid (ICS)
FDC salmeterol-fluticasone (SALM/FLU).4 The
present review will primarily focus on the
phase Il studies published as abstract (MORACTO,
TORRACTO?>%) or unpublished (VESUTO,
DYNAGITO, PHYSACTO, OTIVATO719) at
the time of our previous review: effects of TIO/
OLO 5/5 g on lung volumes, exercise tolerance,
physical activity and exacerbations. This publi-
cation will also assess some of the post hoc anal-
yses of previously published material OTEMTO,
TONADO!L12) dealing with cost-effectiveness
and safety. It will also focus on the effects in
Japanese patients. In the first paragraphs, we
shall, however, briefly reassess the effects of
TIO/OLO 5/5 ug on spirometry, HR-QoL and
dyspnoea.

Most of the data, analysed in the present review, are
derived from 13 phase III, multicentre, randomized,
double-blind, controlled studies conducted in over
16,500 patients with COPD. All studies (six of which
were replicate studies) are published as full papers
in peer-reviewed journals and briefly summarised
in Table 1. Overall, six studies (VIVACITO,!3
ENERGITO,* MORACTO I and II,> VESUTO,°
OTIVATO!9), used a crossover design, seven studies
(OTEMTOIandIL' VIVACITO,3*TORRACTO,°
MORACTO I + II,5 PHYSACTOS) were placebo
controlled, and five studies (TONADO 1 + 2,12
VESUTO,®° OTIVATO! and DYNAGITO7?) com-
pared TIO/OLO with TIO or OLO as monotherapy.
In one trial, the ENERGITO study, TIO/OLO
5/5 ug was compared with SALM/FLU.4

The present review focuses on TIO/OLO 5/5 pg,
the only recommended dosage formulated in a
Soft Mist™ inhaler and given as two inhalations of
TIO/OLO 2.5/2.5 pg once daily. It will not analyse

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

E Derom, G Brusselle et al.

Table 1. Key design details of 13 completed phase Ill studies in patients with COPD comparing clinical effects of tiotropium/
olodaterol fixed-dose combinations (TIO/OLO 5/5 jg) with mono-components or placebo in patients with COPD.

Study name  First author Daily treatments (n of patients Primary endpoint Key secondary endpoints
(year of randomized)
publication)
TONADO Buhl TIO/OLO 5/5 pg (522/507) FEV, AUC,_; at wk TDI at wk 24
14212 (2015) TIO/OLO 2.5/5 pg (522/508) 24
0LO 5 p.g (528/510) Trough FEV; at wk
TI0 5 pg (527/506) 24
TIO 2.5 ng (525/507) SGRQ at wk 24
VIVACITOQ Beeh TIO/OLO 5/5 g (139) FEV, AUC,_,, atwk 6 FEV, AUCy_;, at wk 6
(2015) TIO/OLO 2.5/5 pg (136) FEV, AUC,,_,, at wk 6
0LO 5 g (138) Peak FEV, AUC,_; at wk 6
TIO 5 ng (138) Trough FEV, at wk 6
TIO 2.5 g (137) ARV and AFRC at wk 6
PLA (138)
OTEMTO Singh (2015)  TI0/0LO 5/5 wg (204/202) SGRQ at wk 12 TDl at wk 12
1421 TIO/OLO 2.5/5 g (202/202) FEV,AUC ; at wk 12
TIO 5 ng (204/203) Trough FEV; at wk
PLA (204/202) 12
ENERGITO'  Beeh TIO/OLO 5/5 pg (221) FEV, AUC,_,, atwk 6 FEV, AUC,_,,
(2016) TIO/OLO 2.5/5 g (215) FEV, AUCy, 5, at wk 6
SALM/FLU 50/500 wg bid (215) Peak FEV; AUCy 3 at wk 6
SALM/FLU 50/250 p.g bid (212) Trough FEV; at wk 6
TORRACTO®  Maltais TIO/OLO 5/5 pg (139) CWRCE at wk 12 ESWT at wk 6 and 12, CWRCE at wk 6,
(2018) TIO/OLO 2.5/5 wg (133) pre-exercise IC and IC during exercise
PLA (132) atwk 12
MORACTO O’Donnell TIO/OLO 5/5 g (226/224) Pre-exercise IC at Borg-time slope/endurance time, FVC
1+25 (2017) TIO/OLO 2.5/5 wg (223/219) wk 6 1 h post-dose, isotime and exercise
TIO 5 g (227/218) CWRCE at wk 6 values for IC
0LO 5 g (217/219)
PLA (222/216)
VESUTO? Ichinose TIO/OLO 5/5 g (184) Pre-exercise IC at FEV,, FVC 30 min post-dose, 6MWD,
(2018) TIO 5 wg (184) wk 6 physical activity at wk 6
PHYSACTO? Troosters SMBM + TIO/OLO + exercise (70) ESWT at wk 8 ESWT at wk 12, 6MWD, spirometry, IC,
(2018) SMBM + TI0/0L0 5/5 pg (72) CRQ-SAS, mMRC, rescue medication,
SMBM + TIO 5 g (67) physical activity
SMBM + PLA (65)
DYNAGITO? Calverley TIO/OLO 5/5 g (3939) Moderate Time to first moderate or
(2018) TIO 5 g (3941) and severe severe exacerbation, rate of
exacerbations over exacerbations leading to hospitalization,
52 wk time to first exacerbation leading
to hospitalization, time to all-cause
mortality, rate of exacerbations treated
with corticosteroids or antibiotics
OTIVATOQ"0 Maltais TIO/OLO 5/5 p.g (106) Borg Scale at the IC, FEV, post-dose, Borg scale at 1, 2
(2019) TIO 5 pg (106) end of the 3-min and 2.5 min during the 3-min CSST, TDI

CSST at wk 6

atwk 6

6MWD, 6-minute walking distance; AUC, area under the curve; COPD, chronic obstructive pulmonary disease; CRQ-SAS, chronic respiratory
disease questionnaire-self-administered standardized; CSST, constant speed shuttle test; CWRCE, constant work-rate cycle endurance time at
75% of peak work rate; ESWT, endurance time during shuttle walk test; FEV,, forced expiratory volume in one second; FVC, forced vital capacity;
IC, inspiratory capacity; mMRC, modified Medical Research Council; OLO, olodaterol; PLA, placebo; SALM/FLU, salmeterol/fluticasone; SGRQ, St.
George’'s respiratory questionnaire score; TDI, transitional dyspnoea index; TIO, tiotropium; TIO/OLO, tiotropium/olodaterol fixed-dose combination,

wk, week.
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Table 2. Differences between TI0/OLO 5/5 g and PLA, TIO 5 g monotherapy, and OLO 5 g monotherapy for
different spirometric endpoints, expressed as change from baseline.

Study AUC,_,, FEV, (ml)

AUC,_, FEV, (ml)

Trough FEV, (ml)

TIO/OLO 5/5 wg versus PLA
Beeh™ A =280
Singh 1+2™

TIO/OLO 5/5 g versus TIO 5 pg
Beeh™ A =110
Singh"

Buhl 1+212

TIO/OLO 5/5 p.g versus OLO 5 g
Beeh'™ A =115

Buhl 1+212

A =331Tand A =299

A=111and A =105

A =117and A =103

A =123 and A = 132

201 versus -6

A=162and A =166

201 versus 122

A=28and A =39

A=71and A =50

201 versus 109

A =82and A =88

AUC, area under the curve; FEV,, forced expiratory volume in one second; MCID, minimal clinically important difference;
OLO, olodaterol; PLA, placebo; TIO, tiotropium; TIO/OLO, tiotropium/olodaterol fixed-dose combination.

MCID for FEV, equals 100-140ml.3

data obtained at a lower dose of 2.5 ug published in
some studies, nor compare the efficacy and safety
of TIO/OLO 5/5ug with other LABA/LAMA
FDC:s. Different network analyses and systematic
reviews have addressed this topic recently, showing
that if differences between FDCs exist, these are
often small and of unclear clinical significance.15-24
Though limited in number, well-designed head-to-
head comparisons show that differences between
FDCs may exist.2> The only head-to-head com-
parison between TIO/OLO FDC and UMEC/VIL
FDC published so far showed a 52 ml difference in
trough forced expiratory volume in 1 second
(FEV)) in favour of UMEC/VIL.?¢ In that study,
however, methodological differences such as unsu-
pervised inhalation of the study medication and
the assessment of the bronchodilating effect at only
one point in time might have interfered with even-
tual results. The pharmacological properties of
TIO/OLO 5/5 wg FDC, which have been reviewed
in detail elsewhere?7-29 also fall beyond the scope of
the present review.

Therapeutic efficacy on spirometric

variables

The VIVACITO study as well as the replicate
OTEMTO and TONADO studies have assessed

the effects of TIO/OLO 5/5ug on spirometry over
6, 12, and 52weeks, respectively. Statistically sig-
nificant and clinically meaningful improvements in
FEV,, defined as an increase exceeding 100-140ml
(Table 2), were observed for peak FEV, and the
FEV, area under the curve (AUC) from 0 to 3h
(FEV, AUC, ,), FEV, AUC, ,,, FEV, AUC,, ,,
and FEV, AUC, ,,, compared with placebo,!:13
the mono-components TIO 5ug!!-13> and OLO
5ug!?13 and SALM/FLU FDC.!* For example, the
increase in FEV, 3h after inhalation of TIO/OLO
5/5ug exceeded 300ml compared with placebo and
100ml compared with its mono-component TIO
5ug. Even for trough FEV,, the increase of 162ml
and 166ml relative to placebo reached statistical
and clinical significance.!! In the six randomized
controlled clinical trials (RCTs) in which TIO/OLO
5/5ug was compared with TIO, OLO or SALM/
FLU FDC, differences between dual bronchodila-
tation and single bronchodilatation were statistically
significant, but just failed to reach the minimal clini-
cally important difference (MCID) of 100 ml.*

Breathlessness

The Mahler Transition Dyspnea Index (TDI)
was assessed in the OTEMTO and TONADO
studies.!’12 In OTEMTO, TDI focal scores
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Table 3. Differences between TIO/OLO 5/5 g and PLA, TIO 5 g monotherapy, and OLO 5 g monotherapy for two patient-centred
outcomes with response rates and numbers needed to treat.

Study TDI TDI responders (%) NNT (95% Cl) SGRQ SGRQ NNT (95% Cl)
responders (%)
TIO/OLO 5/5 g versus PLA
Singh 14211 2.1and 1.2 53.9 versus 26.2 4(3.1-4.2) ~4.89and -459  53.1versus31.2  5(3.8-5.7)
and and
51.8 versus 32.6 6 (4.2-6.6)
TIO/OLO 5/5 p.g versus TIO5 pg
Singh 142" 0.6and 0.6 53.9 versus 41.0 8 (5.8-11.7) -2.49 and -1.72 53.1 versus 41.7 9 (6.3-14.2)
and and
51.8 versus 41.1 10 (6.6-15.7)
Buhl 14212 0.4 54.9 versus 50.6 (NS) 24 (NS) -1.23 57.5 versus 48.7 12 (7.6-22.5)
TIO/OLO 5/5 p.g versus OLO 5 ng
Buhl 14212 0.4 54.9 versus 48.2 15 (9.0-42.9) -1.69 57.5 versus 44.8 8(5.9-12.0)

Cl, confidence interval; HR-QoL, health-related quality of life; NNT, number needed to treat; NS, nonsignificant; OLO, olodaterol; PLA, placebo;
SGRQ, St. George's respiratory questionnaire score; TDI, Transitional Dyspnea Index; TIO, tiotropium; TIO/OLO, tiotropium/olodaterol fixed-dose

combination.

Responders were defined as patients exhibiting a change of 1 unit for TDI and -4 units for SGRQ.%233

significantly improved after 12 weeks by 1.62 units
with TIO/OLO 5/5pug compared with placebo
and 0.59 units compared with TIO 5pg. In
TONADO, TDI scores significantly improved
after 24 weeks by 0.36 and 0.42 units with TIO/
OLO 5/5 g compared with TIO 5ug and OLO
5ug, respectively. A response analysis of the
OTEMTO and TONADO studies showed that
54% of the patients treated with TIO/OLO 5/5 p.g
achieved MCID of one unit improvement in TDI,
which contrasts with the 41-50% of the patients
on TIO 5pug, 48% of those on OLO 5pug and 26%
of those on placebo.* Overall, these two studies
indicate that more patients receiving TIO/OLO
5/5ug were likely to achieve clinically important
improvements in TDI than with the mono-com-
ponents (Table 3). Indeed, the risk ratio (RR) was
1.17 [95% confidence interval (CI): 1.07, 1.28]
for TIO/OLO 5/5ug versus TIO 5ug and 1.14
(95% CI: 1.01, 1.28) versus OLO 5 png.3!

The number of patients deteriorating over time in
terms of dyspnoea under a given treatment repre-
sents another approach to compare different inter-
ventions. In OTEMTO, less than 11% of patients
on any active treatment worsened compared with
placebo (23%) at week 12.34 In TONADO, patients
on TIO/OLO 5/5ug showed a delayed onset to

deteriorate in dyspnoea over 52weeks, compared
with either monotherapy, with hazard ratios (HRs)
for TDI of 0.84 (95% CI: 0.72, 0.98) for TIO/
OLO 5/5ug versus TIO 5ug and 0.82 (95% CI:
0.71, 0.96) for TIO/OLO 5/5 ug versus OLO 5pug.3*

In the PHYSACTO study, the dyspnoea domain of
the Chronic Respiratory Questionnaire-Self
Administered Standardized (CRQ-SAS) at week
12 increased significantly in the placebo-treated
patients to whom a 12-week self-management
behaviour modification (SMBM) was offered,
compared with baseline (5.59 versus 5.35 points per
question). Further improvements in the CRQ-SAS
dyspnoea domain score were observed at week 12
with increasingly potent additional interventions,
reaching statistical significance and largely exceed-
ing the MCID of 0.5 units for the average score on
each domain?> with TIO/OLO 5/5ug with or with-
out exercise training, compared with placebo. The
modified Medical Research Council (mMRC)
scale of dyspnoea data were consistent with the
CRQ-SAS dyspnoea domain results.?

In the two-period crossover OTIVATO study,!? the
effects of TIO/OLO 5/5ug were compared with
those of TIO 5ug in GOLD stage II-III COPD
patients with lung hyperinflation at rest [functional
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residual capacity (FRC) at baseline: >155% pre-
dicted] and a significant degree of breathlessness
during every day activities. After 6 weeks, Borg dysp-
noea score had decreased at the end of the 3-min
constant speed shuttle test (CSST) from baseline
with both TIO 5pug (mean —0.968; 95% CI:
—1.238,-0.698) and TIO/OLO 5/5ug (mean:
—1.325; 95% CI: —1.594,—1.056), with a treatment
difference of —0.357 (95% CI: —0.661, —0.053).
The number needed to treat (NNT) was seven to
achieve the MCID for activity-related breathlessness
for TIO/OLO 5/5ug compared with TIO 5pug.10

Use of rescue medication

In COPD, increased use of rescue medication is
usually a sign of increased respiratory symptoms,
whereas a decrease in its use is a marker of clinical
efficacy and reduced risk of exacerbations.36:37
Moreover, night-time rescue medication usage
may be an important surrogate for night-time
symptom control and sleep disturbance, which is
known to impact on HR-QoL in COPD.

Rescue medication use or days and nights free of
rescue medication were assessed in 5 of the 11 tri-
als in which the effects of TIO/OLO 5/5ug were
assessed. In the 12-week OTEMTO study, overall
use of rescue salbutamol diminished from 3.0
puffs/day in placebo recipients to 2.4 puffs/day in
TIO 5pg-treated patients and to 1.8 puffs/day in
the TIO/OLO 5/5ug group.!! At night, patients on
TIO/OLO 5/5 g needed less rescue medication,
as they reduced their use at week 12 by 0.42 (95%
CI: —0.64, —0.20) puff/night compared with TIO
5ug and by 1.00 (95% CI: —1.22, —0.78) puft/
night compared with placebo [Figure 1(a)].

Throughout the 52-week follow up in the
TONADO studies, TIO/OLO 5/5ug significantly
reduced the use of salbutamol rescue medication,
its daytime use falling from 0.97 puff/day with TIO
5ug to 0.76 puff/day with TIO/OLO 5/5 ug.%12 In
the same trial, the common baseline use of rescue
medication was 2.2 puffs/night. Rescue medica-
tion use reduced significantly for patients receiving
TIO/OLO 5ug by 0.55 (95% CI: —0.72, —0.39)
puff/night compared with TIO 5ug and 0.28 (95%
CI: —=0.44, —0.11) puff/night compared with OLO
5ug at 52weeks (Figure 1, panel B).

The recently published PHYSACTO study inves-
tigated the use of rescue medication during physi-
cal activity. A reduction in rescue salbutamol use

was observed in all actively treated groups com-
pared with placebo at week 9 and 12, the effect
tending to be more pronounced in patients treated
with dual bronchodilatation.?

Health-related quality of life

HR-QoL of patients with COPD is only loosely
related to the degree of spirometric impairment.38
For that reason, measuring the effects of thera-
peutic interventions on HR-QoL using the St.
George’s Respiratory Questionnaire (SGRQ)
represents an important complement of spiro-
metric data.

The SGRQ total scores increased in all studies with
TIO/OLO 5/5ug compared with the respective
monotherapies or placebo. In the OTEMTO 1 and
2 studies, SGRQ improved statistically at 12weeks
by 4.89 and 4.56 points with TIO/OLO 5/5pg
versus placebo,!! respectively, an increase that
exceeded the MCID of 4 points (Table 2).
Compared with TIO 5ug, the improvement with
TIO/OLO 5/5ug ranged between 2.49 points and
1.72 points, which was also statistically significant,
but did not reach the MCID. Response rates (the
percentage of patients in whom the MCID was
reached) were 41% in the TIO 5pug recipients and
52% in the TIO/OLO 5/5 pg group (Table 3). This
indicates that many patients do well with mono-
therapy and only a restricted number of patients
(11%) reach the MCID with dual bronchodilata-
tion, with a NNT to reach the MCID of 10.4 In the
OTEMTO study, an important Hawthorne effect
was present, as 32% of the placebo recipients were
ranked as SGRQ responders,!! rendering the inter-
pretation of these response rates difficult.

In the TONADO studies, 58% of patients who
were on TIO/OLO 5/5 ug were classified as SGRQ
responders after 24 weeks, compared with 49%
on TIO 5ug and 45% on OLO 5pug.!'? More par-
ticipants receiving TIO/OLO 5/5ug had a clini-
cally meaningful difference in SGRQ in favour of
dual treatment compared with TIO 5ug (RR:
1.21; 95% CI: 1.12, 1.30) or OLO 5ug (RR:
1.28; 95% CI: 1.18, 1.40).3!

A post hoc analysis of the OTEMTO studies
reported that the magnitude of the improvement
in SGRQ with TIO/OLO 5/5ug, TIO 5ug and
placebo was dependent on GOLD COPD stage,
with greater effects in symptomatic patients.3®
When analysed by baseline breathlessness, the
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OTEMTO 12-week study (+3-week follow-up)

—— T+0 Respimat 5/5 ug
=} Placebo

2.2 —
2.1 —
2.0 —
1.9 —
1.8 —
1.7 —
1.6 —
1.5 —
1.4 —
1.3 —
1.2 —
1.1 —
1.0 —
0.9 —
0.8 —

Weekly mean night-time rescue use (puffs/day)

=0~ T+0 Respimat 2.5/5 ug

[ T Respimat 5 pg

I’.—"!-——-—:———-—D———D—._l——m\m/ﬁ——n——u—m

—- T+O Respimat 5/5 pg

—{1— T Respimat 2.5 ug

Weekly mean night-time rescue use (puffs/day)

I I I I

Week

—O— T+0 Respimat 2.5/5 pg

TONADO 52-week study (+3-week follow-up)

[0 T Respimat5 pg

—fl— O Respimat 5 ug

Week

Figure 1. Adjusted weekly mean night-time rescue medication use over 12weeks in the OTEMTO studies (a)

and over 52weeks in the TONADO studies (b).
Reproduced from Ferguson and colleagues, 2017.34
0, olodaterol; T, tiotropium.

difference between SGRQ scores achieved by
TIO/OLO 5/5wg compared with TIO 5ug was
greatest in patients with a mMRC of 2 or more
compared with those with an mMRC <2.49 This
indicates that the greatest benefit of combination
bronchodilator therapy can be expected in the
more symptomatic patients.

Assessing the preventive effect of an intervention
on change over time of the SGRQ is another way
to establish the validity of a treatment. In the

OTEMTO studies, the likelihood to experience a
deterioration in HR-QoL at week 12 was signifi-
cantly lower in recipients of TIO/OLO 5/5 wg (18%)
compared with those in the TIO 5 ug (23%) or pla-
cebo group (30%), with no statistically significant
difference between the latter two groups. Likewise,
significantly fewer patients deteriorated in terms of
SGRQ with TIO/OLO 5/5pg (14%) than with
either monotherapy (19%) in the TONADO stud-
ies at week 24. In a further analysis, the time to
SGRQ deterioration over 52weeks in TONADO
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was significantly delayed for TIO/OLO 5/5 g with
HR of 0.82 (95% CI : 0.70, 0.96) wversus TIO 5 pg
and 0.70 (95% CI: 0.60, 0.82) versus OLO.3*

Lung volumes

One of the characteristic clinical features of COPD
is airflow limitation, caused by the increased resist-
ance of conducting airways and the heterogeneous
pathological alterations of the elastic properties of
the lung. Both mechanisms are responsible for the
ineffective gas emptying during expiration, the latter
only for the increase in end-expiratory lung volume
(EELV) at rest (static hyperinflation). A temporary
and variable increase in EELV above the resting vol-
ume of the respiratory system often develops in
patients with COPD during exercise as a conse-
quence of the shortening of expiratory time during
exercise, a phenomenon termed dynamic hyperinfla-
tion.*! Increases in EELYV are mirrored by decreases
in inspiratory capacity (IC) and vice versa.4?

Dynamic hyperinflation is in part reversible: physi-
ological studies have demonstrated that inhalation
of bronchodilators reduces exertional dyspnoea
and improves exercise endurance through a sus-
tained reduction of EELV and increase in IC at rest
and during exercise,*? illustrating the interdepend-
ency between these variables.

End-expiratory lung volume

In the explorative part of the VIVACITO study,
the effects of TIO/OLO 5/5ug and its mono-
components TIO 5ug and OLO 5ug on hyperin-
flation were investigated in a subset of the 143
patients. After 6 weeks of a treatment, TIO/OLO
5/5ug yielded significantly larger reductions in
EELV at 2h 30min post-dose than placebo and
the mono-components TIO 5ug or OLO 5pug.
Changes in EELV from baseline were —52 ml with
placebo, —435ml and —431ml with the mono-
components OLO 5ug and TIO 5pug, respectively
and —547ml with TIO/OLO 5/5. At 22h 30min
post-dose, only TIO/OLO 5/5ug resulted in a sig-
nificant decrease in EELV of —250ml versus base-
line, contrasting with the modest and nonsignificant
changes in EELV (less than —100ml) observed
with the two monotherapies.!3

Inspiratory capacity
The reductions in severity of hyperinflation after
TIO/OLO 5/5 ug reported in the previous paragraph

were mirrored by significant improvements in IC,
which increased by 351ml at 2h 30min and by
99ml at 22h 30min post-dose, compared with
baseline (Table 4).13 Compared with placebo, these
increases exceeded the MCID, which has been esti-
mated to range between 140-200ml.3%% A more
systematic assessment of the effects of dual bron-
chodilatation on indices of hyperinflation was per-
formed in the TORRACTO, PHYSACTO,
OTIVATO and both MORACTO studies.>810

In the two replicate MORACTO studies,”> with
their incomplete crossover design, TIO/OLO
5/5ng significantly increased IC (2h post-dose)
after 6 weeks of treatment by approximately 250 ml
compared with placebo (Figure 2). These signifi-
cant improvements exceeded the MCID. These
increases contrast with the statistically significant
but clinically insignificant increase with TIO 5ug
and OLO 5pug, which fell just below 100 ml com-
pared with placebo. Here, the effect of dual bron-
chodilatation was slightly more than additive in
nature. A response analysis showed that a signifi-
cantly greater proportion of patients were classified
as IC responders when on TIO/OLO 5/5ug than
on monotherapies or placebo. For example, 55%
of the patients exhibited a 150ml increase in IC
with dual therapy, whereas the percentage of
patients reaching that threshold was 45% when
treated with monotherapy and about 20% when
on placebo. Improvements in IC with TIO/OLO
5/5 g were sustained during the endurance test at
both isotime and end exercise (Figure 2).

Similar effects were observed in the TORRACTO
and PHYSACTO studies. In the TORRACTO
study, mean IC significantly increased by approx-
imately 200ml in the TIO/OLO 5/5ug group at
pre-exercise, compared with placebo. Here again,
the gain was sustained during exercise both at iso-
time and at the end of exercise after 6 and
12weeks of treatment.® In the PHYSACTO
study, IC increased from 2.431 in the placebo
group to 2.541 in the TIO 5pug treated group to
reach 2.74 and 2.811 in the two TIO/OLO
5/5 ug-treated groups. Differences between TIO/
OLO 5/5ug and placebo were statistically signifi-
cant and averaged 310ml (95% CI: 170, 450)
and 390ml (95% CI: 250, 530), an effect that
exceeded twice the MCID.8

In the OTIVATO study,!? resting IC increased by
271 ml with TIO 5ug and 489 ml with TIO/OLO
5/5ug with a treatment difference of 218 ml (95%
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Table 4. Differences between TIO/OLO 5/5 g and PLA, TIO 5 g monotherapy, and OLO 5 g monotherapy for
IC and endurance time during exercise, expressed as change from baseline.

Study IC at rest (ml) CWRCE (s) ESWT (s)
TIO/OLO 5/5 g versus PLA

Beeh'3 351 versus 16

Maltais® A =~ 220 85 versus 23 65
O’'Donnell 1+25 A = 244 and A = 265 A=79and A =55

Troosters? 360 versus 50 71
TIO/OLO 5/5 p.g versus TIO 5pg

Beeh's 351 versus 251

O'Donnell 1+2° A=114and A = 88 A=-3andA =19

Troosters® 360 versus 230 61
Maltais'0 489 versus 271

TIO/OLO 5/5 p.g versus OLO 5 pg
Beeh!3 351 versus 242
O'Donnell 1425 A=119and A =80

A =1and A =47

IC, inspiratory capacity; CWRCE, endurance time during constant work rate at 70-80% of VO, max; ESWT, endurance
time during shuttle walk test; IC, inspiratory capacity; MCID, minimal clinically important difference; PLA, placebo; TIO,
tiotropium; OLO, olodaterol; TIO/OLO, tiotropium/olodaterol fixed-dose combination.

MCID for CWRCE equals 46-105s%044; MCID for ESWT equals 56-61s and 70-82 m.45

IC L

—e— Placebo
-0 05 g

O Thyg
-a- T/0 2.5/5 ug
- T/05/5 g

Exercise time min

Pre-exercise

End-exercise

Figure 2. Adjusted means (*=SE] inspiratory capacity (IC) at pre-exercise, at isotime and at end exercise after

6weeks (combined studies).
Reproduced from O'Donnell and colleagues, 2017.°

As each patient only received four out of five possible treatments, isotimes differ between treatments.

0, olodaterol; SE, standard error; T, tiotropium.
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CI: 121, 314) . That difference vastly exceeded
that found in MORACTO (101 ml).> Apparently,
by selecting patients with COPD with a severe
degree of hyperinflation (FRC: >120% pre-
dicted), more room for improvement of IC was
available in the OTIVATO than in the
TORRACTO, PHYSACTO, and  both
MORACTO studies, which did not exclude
patients with COPD without hyperinflation.>-%-8

Exercise capacity

In patients with COPD, bronchodilators enhance
tidal expiratory flow rate, promote lung emptying
and reduce hyperinflation at rest and during exer-
cise. These beneficial effects eventually alleviate
the degree of exertional dyspnoea and delay the
time point at which mechanical limitation to venti-
lation develops.4%46:47 This has been documented
with the mono-components TIO%:48-51 and
OLO,52 which both beneficially impact on EET.
Whether maximisation of bronchodilatation with
TIO/OLO 5/5ug may further improve exercise
endurance was addressed in the TORRACTO,
MORACTO and PHYSACTO studies.>%8 In
these studies, constant work-rate cycle ergometry
(CWRCE) to symptom limitation at 75% of peak
incremental work rate** and the more recently
developed endurance shuttle walk test (ESWT) at
85% of maximum oxygen consumption were
selected as main outcomes, since these tests are
among the most sensitive ones to detect changes in
exercise capacity following pharmacologic and
nonpharmacologic interventions.>> Well-defined
thresholds of MCID have been established for the
CWRCE3%4 and the ESWT.% Possibly, the
ESWT is more reflective of activities performed by
patients in everyday life.5*

The TORRACTO study

The TORRACTO study was primarily designed
to compare the effects of TIO/OLO 5/5ug with
placebo on EET during CWRCE in patients with
COPD in a parallel-group design after 12weeks
of treatment. It also evaluated EET during the
ESWT in a subset of patients.® A total of 404
patients were randomized and received treat-
ment: 385 were included in the full analysis set.
Overall, 73% were GOLD stage 2, with mean
predicted FEV, of 59%.

Data obtained at 12weeks were similar to those at
week 6. A statistically significant 14% improvement

in endurance time during CWRCE was observed
after 12weeks with TIO/OLO 5/5 g versus placebo:
baseline EET (geometric means) during CWRCE
was 443 £ 12s, reached 465 * 19s in the placebo
recipients and 528 * 20s in the TIO/OLO 5/5 pg
group, the 63s difference reaching both statistical
and clinical significance. The increase in dyspnoea
(Borg scale) during exercise [(end of exercise Borg
score minus pre-exercise Borg score)/per time unit]
was numerically lower for TIO/OLO 5/5ug com-
pared with placebo at weeks 6 and 12 but failed to
reach statistical significance.®

In the ESWT substudy, the common baseline
mean EET was 311 *= 14s. ESWT remained
unaffected by placebo (311 * 235s) but increased
to 376 = 26s with TIO/OLO 5/5ug. That 21%
improvement in endurance time with TIO/OLO
5/5ug after 12 weeks just failed to reach statistical
significance wversus placebo (p = 0.055), although
it numerically reached clinical significance.b

The MORACTO studies

With their double-blind, incomplete crossover
design, the replicate MORACTO studies com-
pared the effects of TIO/OLO 5/5 ug with those
of TIO 5 pg, OLO 5 pg and placebo on EET dur-
ing CWRCE after 6 weeks.> A total of 586 patients
were randomized and 571 were included in the
full analysis. 73% of the included patients were
GOLD stage 2 and 21% GOLD stage 3, with a
mean FEV, of 58%. The presence of lung hyper-
inflation (with FRC exceeding more than 120%
predicted) was not an inclusion criterion in these
studies.

TIO/OLO 5/5 wg enhanced endurance time dur-
ing CWRCE significantly versus placebo by 555
(+13%) and 79s (+22%) after 6 weeks in the
two MORACTO studies (Figure 3 for the com-
bined studies). These increases exceeded the
MCID.3® For a 100s increase, approximately
35% of patients were classified as EET respond-
ers with TIO/OLO 5/5 ug compared with 20% of
placebo-treated patients. Moreover, TIO/OLO
5/5ug reduced dyspnoea significantly more than
placebo.>

Differences between TIO/OLO 5/5ug and the
mono-components TIO 5ug or OLO 5pug were
inconsistent in terms of statistical significance
and results slightly differed between the individ-
ual studies. Indeed, increases in endurance time
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4 5.6%*

+1.9%
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4+ 7.3%*
4+3.5%
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EETs
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380
360~ T

T
Placebo 05 g TSug

T
T/025/5pg T/O5/5ug

Figure 3. Adjusted geometric mean (+ SE]J EET in
s during constant work-rate cycle ergometry after
6weeks of treatment (combined studies).

*p < 0.05; **p < 0.01; ***p < 0.0001. Reproduced from
0’Donnell and colleagues, 2017.5

EET, exercise endurance time; O, olodaterol; SE, standard
error; T, tiotropium.

were only observed in MORACTO 2 with TIO/
OLO 5/5ug versus OLO 5 pg but not versus TIO
5ug. Post hoc analyses did not identify any spe-
cific subgroup of patients exhibiting greater
improvements in EET with TIO/OLO 5/5ug
versus monotherapies.>

The PHYSACTO study

The effects on exercise endurance and on func-
tional exercise capacity of TIO 5ug and TIO/
OLO 5/5ug alone or in conjunction with exercise
training were addressed in the PHYSACTO
study, a 12-week, randomized, partially double-
blind, placebo-controlled, parallel-group trial.® In
that study, all participating patients with COPD
attended a 12-week lasting program aimed at
modifying their behaviour. That SMBM program
consisted of a total of six individual and group
sessions and focused on improving patient
engagement in, and maintenance of, exercise and
physical activity. During individual sessions, the
case manager dealt with the patient’s current level
of physical activity, functional limitations, clinical
barriers to physical activity (including motiva-
tion) and the ultimate physical activity goal at the
end of the program. Group sessions concentrated
on the benefits of physical activity, set physical
activity goals and educated the patients on their

disease, healthy life habits, stress management,
breathing techniques, exercise planning and how
to distinguish normal from abnormal physical
symptoms.>>

In a short time window of 3 months such SMBM
programs typically have only a limited impact on
exercise tolerance.>%57 Endpoints were EET dur-
ing an ESWT at 85% of VO, max after 8 weeks
(end of the exercise training program) and
12weeks. The six-minute walking distance
(6MWD) captured functional exercise tolerance.
A total of 304 patients were randomized, with
303 receiving study treatment. A total of 88% of
patients completed the 12-week trial.

Endurance time at week 8 did not change from
baseline in the placebo group (244 wversus 243s),
but increased with TIO 5ug by 10s, with TIO/
OLO 5/5ug without exercise training by 71s and
with TIO/OLO 5/5ug with exercise training by
111s, the MCID being reached in the latter two
treatment groups (Figure 4). Treatment ratios
versus placebo were 1.29 (95% CI: 1.06, 1.57)
for TIO/OLO 5/5 pg without and 1.46 (95% CI:
1.20, 1.78) for TIO/OLO 5/5ug with exercise
training. The overall results may not reflect the
true benefit as 13 patients exceeded the endur-
ance time termination criteria of 20min after
8 weeks: none for placebo, 3 for TIO 5pug, 2 for
TIO/OLO 5/5ug without and 8 for TIO/OLO
5/5ug with exercise training. The 6 MWD fol-
lowed the same profile and significant changes
compared with placebo were observed in both
TIO/OLO 5/5ug groups. Improvements in
endurance time were accompanied by a signifi-
cant reduction in dyspnoea at isotime at week 8
in the TIO/OLO 5/5ug groups without and with
exercise training. Comparable results were
observed at week 12.

Intensity of dyspnoea using the modified Borg
scale at isotime during the ESWT or at the
6MWT decreased with all the active treatments
compared with the placebo + SMBM group week
8. The 6MWD at week 8 did not change from
baseline (464 versus 457 m) in the placebo group,
but TIO/OLO 5/5ug without and with exercise
training provided small but statistically significant
improvements in 6MWD compared with placebo
(21m and 27m, respectively). A reduction in
dyspnoea intensity during the 6MWT at week 8
was seen in the TIO/OLO 5/5 pg group with exer-
cise training.
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Week 8
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Geometric mean endurance time, sec (= SE)

Week 12

SMBM + placebo
SMBM + tictropium
B SMBM + tiotropium/olodaterol
W SMBM + tiotropium/olodaterol + ExT

- -- Geometric mean baseline EET

n reached test termination criteria Q 3 2 B

Figure 4. Geometric mean EET during endurance shuttle walk test at weeks 8 and 12. Exercise training was
stopped after 8weeks in the SMBM + TIO/OLO 5/5ug + exercise training arm; all treatment arms continued
study medication until week 12. Geometric means baseline exercise endurance test: 243 *+ 9s (week 8); 242 =

9s (week 12]. Test termination time limit was 20 mins.
Reproduced from Troosters and colleagues, 2018.8
*p < 0.05; **p < 0.01; ***p < 0.001.

EET, exercise endurance time; OLO, olodaterol; SE, standard error; SMBM, self-management behaviour modification;

TIO, tiotropium.

Physical activity

The physiologic benefits of enhanced exercise
capacity do not automatically translate into the
behavioural change of engaging in a more active
lifestyle.>8-60 Therefore, the PHYSACTO study
also investigated whether the improvements in
endurance time and the reductions in breathing
discomfort resulting from a multimodal approach
consisting of behavioural intervention, maximal
bronchodilatation and exercise training may com-
plementary affect physical activity. At week 12, the
SMBM program had significantly increased the
number of steps per day by 1.098 in the placebo
group compared with baseline. Further increases
in number of steps per day were not observed with
any of the additional interventions.8

A significant improvement in Functional
Performance Inventory Short Form total score
versus baseline was observed for SMBM + TIO/
OLO 5/5ug without exercise training compared
with SMBM + placebo at week 12, with the most
notable improvements seen in the ‘body care’,
‘physical exercise’, and ‘recreation’ subscales.

The PHYSACTO trial is one of the first to evalu-
ate the patient’s experience with physical activity in
the domain of amount and difficulty using the
PROactive scale.%! Significant improvements in
daily PROactive Physical Activity (measuring a

combination of ‘amount’ and ‘difficulty’) in COPD
total score at week 12 were observed for SMBM
TIO/OLO 5/5ug with (4.10 points) or without
(3.66 points) exercise training compared with pla-
cebo (1.96 points). The overall impression of the
PHYSACTO study is that improvements in physi-
cal activity experience and dyspnoea symptoms
during daily life are best served by the addition of
dual bronchodilatation and exercise training to the
SMBM program. Indeed, although the SMBM
program increased substantially physical activity
on a daily basis, improvements for several other
outcomes reached only statistical significance in
combination with maximal bronchodilatation and
exercise training.8

Exacerbations

The DYNAGITO study, with its double-blind,
parallel-group, active-controlled, randomized
design, was conducted as a 52-week study to
investigate whether TIO/OLO 5/5 ug reduced the
rate of COPD exacerbations compared with TIO
5ug alone.” Only patients with COPD were
included with an FEV, < 60% predicted and at
least one moderate or severe exacerbation in the
preceding year requiring treatment with systemic
corticosteroids, or antibiotics. Patients on ICSs at
inclusion continued their treatment. The primary
endpoint was the rate of moderate-to-severe
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COPD exacerbations from the first dose of medi-
cation until one day after last drug administra-
tion. Secondary endpoints were the time to first
moderate or severe COPD exacerbation during
the treatment period, the rate of exacerbations
leading to hospitalization, time to first exacerba-
tion leading to hospitalization, and time to all-
cause mortality.

More than 7800 patients with a mean percent pre-
dicted FEV, of 44% were randomized. A total of
70% of patients were on ICSs. Patients on TIO/
OLO 5/5 ug were more likely to complete the study
than those on TIO 5ug alone [3451 (88%) versus
3939 (84%), with a discontinuation HR of 0.73;
95% CI: 0.65, 0.82]. The rate of moderate-to-
severe exacerbations was numerically lower with
TIO/OLO 5/5ug (0.90; 99% CI: 0.84, 0.96 per
year) than with TIO 5pug (0.97; 99% CI: 0.93,
1.03 per year) with a RR of 0.93 (99% CI: 0.85,
1.02). As the p value equalled 0.0498, the targeted
0.01 significance level, needed to meet regulatory
requirements, was not met.”

The HR for time to first moderate-to-severe
COPD exacerbation with TIO/OLO 5/5 ug versus
TIO 5ug was 0.95 (99% CI: 0.87, 1.03). The HR
for time to first COPD exacerbation leading to
hospitalization was 0.93 (95% CI: 0.82, 1.06).
For severe exacerbations, the RR for TIO/OLO
5/5ug compared with TIO 5ug was 0.89 (95%
CI: 0.78, 1.02) and for exacerbations leading to
hospitalization the RR was 0.89 (95% CI: 0.76,
1.03). Interestingly, a post hoc analysis of the
subgroup of patients receiving ICSs at baseline
demonstrated that the RR for exacerbations was
0.91 (95% CI: 0.84, 0.99), whereas there was no
difference between TIO/OLO 5/5ug and TIO
5ug in the group not receiving any corticosteroid
at baseline (RR: 1.00, 95% CI: 0.86, 1.15).7

The authors concluded that TIO/OLO 5/5 ug did
not reduce exacerbation rate as much as expected
compared with TIO 5 png alone.

Effects and baseline B-blocker use

Cardiovascular disease is linked closely with
COPD and physicians may be reluctant to use
B3-blocking agents in patients with COPD, despite
their proven effectiveness in preventing cardio-
vascular events. In the TONADO 1 and 2 stud-
ies, 557 of 5162 patients (11%) received
B3-blockers at baseline, among whom at least 80%

were on cardioselective 3-blockers. These patients
had more frequent a history of cardiovascular
comorbidities and medications. The observation
that baseline post-bronchodilator FEV; was
higher in the $3-blocker group (1.4701) compared
with that in the no $3-blocker group (1.3621) may
suggest that 3-blockers were less often prescribed
in more diseased patients with COPD. No differ-
ences were observed in trough FEV,, trough
forced vital capacity (FVC), SGRQ and TDI
between patients treated with and without
B3-blockers, supporting the cautious and appropri-
ate use of B3-blockers in patients with COPD and
cardiovascular comorbidity.52

Effects in Asian patients with COPD

Asian patients with COPD, and particularly
Japanese patients, appear to differ from patients of
European or American descent in terms of physiol-
ogy and use of medication. Such differences may
potentially affect the outcome of medical interven-
tions. This issue might have easily been missed,
since European and American patients with COPD
numerically dominate most large multicentre tri-
als. As a consequence, subanalyses of the Asian
and Japanese patients with COPD participating in
the TONADO® and DYNAGITO® studies have
been recently performed.

Ofthe 5163 patients randomized in the TONADO
study, 1152 (22%) were of east Asian and 413
(8%) of Japanese origin.®3-%4 The east Asian pop-
ulation showed slightly greater FEV, AUC, ; and
trough FEV, treatment differences between TIO/
OLO 5/5 g and TIO 5 pg, when compared with
the overall population.53

The Japanese patients randomized in the
TONADO study were slightly older and con-
tained more men and fewer current smokers, but
with higher pack-year smoking history. Body
mass index was lower, as were baseline SGRQ
and TDI. A lower proportion of Japanese patients
used ICSs (27 versus 47%) at baseline but the use
of LAMASs was higher (65 versus 36%).5*

Improvements in pulmonary function were simi-
lar to those seen in the overall population. Relative
to baseline, SGRQ total scores improved in
Japanese patients at week 24 of treatment in all
groups, with the larger reduction in symptom
scores seen in the group receiving TIO/OLO
5/5ng and relatively modest changes with the
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mono-components compared with the overall
population. Compared with the overall popula-
tion, improvements in total SGRQ scores with
TIO/OLO 5/5ug versus the mono-components
were greater in the Japanese population. For
example, mean treatment difference between
TIO/OLO 5/5ug and TIO 5ug was —3.60 (95%
CI: —=6.71, —0.50) in the Japanese and only —1.23
(95% CI: —2.31, —0.15) in the overall popula-
tion. The number of responders with TIO/OLO
5/5 ug was, however, similar for the Japanese and
the overall population.5+

TDI at baseline was slightly higher (i.e. fewer
symptoms) in Japanese patients compared with the
overall population (7.75 wversus 6.54, respectively).
That score improved to >1 for TIO/OLO 5/5ug
versus baseline compared with only 0.40-0.85 for
the mono-components. Compared with the mono-
therapies, TIO/OLO 5/5ug improved TDI by
>0.7 units in Japanese patients, whereas these
increases were much smaller in the overall popula-
tion. Hence, dual bronchodilatation yielded greater
benefits for patient-centred outcomes than mono-
therapies in Japanese patients compared with the
overall population, whereas such differences were
not observed for pulmonary function.%*

A total of 461 (5%) of the 7880 treated patients in
the DYNAGITO study were of Japanese origin.%>
As in the TONODO study, Japanese patients
were older, with longer smoking histories, a
higher proportion of men and ex-smokers, and a
lower body mass index. LAMA use at baseline
was more widespread (86 wversus 63%), whereas
ICS use at baseline was less common (48 versus
70%). More patients in the Japanese subgroup
received LAMA/LABAs (24% wversus 12%) and
fewer received ICS/LABA combination therapy
(5% wersus 25%) at baseline. Overall, 40% of the
Japanese patients used triple ICS/LAMA/LABA
combination therapy, which was similar to the
overall study population.

A total of 21% of the Japanese patients randomized
in the TIO 5ug discontinued the study versus 10%
in the TIO/OLO 5/5ug arm (discontinuation HR:
0.45; 95% CI: 0.27, 0.73), contrasting with the
16% wersus 12% in the overall population (discon-
tinuation HR: 0.73, 95% CI 0.65, 0.82).55

In Japanese patients, TIO/OLO 5/5 ug resulted in
a 29% lower rate of annualized moderate-to-
severe COPD exacerbations relative to TIO 5ug

monotherapy, a difference that did not reach the
p < 0.01 target (0.94 versus 1.32/years, RR: 0.71;
99% CI: 0.46, 1.10; p = 0.0434). This ratio
numerically exceeded the nonsignificant 7%
reduction reported in the overall population (RR:
0.93, 99% CI: 0.85, 1.02). Likewise, the annual-
ized rate of severe exacerbations was 19% lower
in the TIO/OLO 5/5ug arm than TIO 5ug arm
(0.35 wversus 0.43/year), contrasting with the 11%
reduction seen in the overall population. Within
the limitations of this exploratory analysis, it thus
appears that TIO/OLO 5/5ug exerted numeri-
cally larger effects on moderate-to-severe exacer-
bations in the Japanese subgroup, compared with
the overall study population, an observation
potentially related to differences in clinical char-
acteristics between the two populations.®>

The aim of the VESUTO study, a randomized,
double-blind, active-controlled, crossover trial,
was to assess the efficacy of TIO/OLO 5/5ug and
TIO 5ug on lung volumes, exercise capacity, and
physical activity in 184 Japanese COPD
patients.%> All patients exhibited an mMRC
dyspnoea scale =1, a 6MWD <400m and a
score =4 on the modified Borg scale of dyspnoea
at the end of the 6MWT. The difference in IC
between TIO/OLO 5/5ug and TIO 5ug was
115ml (95% CI: 77, 153), which is similar to
what was seen in the MORACTO, TORRACTO
and PHYSICATO studies.>%% Dual bronchodil-
atation did not affect the 6MWD compared with
TIO 5ug. In the combined GOLD 3 and 4 sub-
groups, however, a small, but statistically signifi-
cant increase in 6MWD was seen with TIO/OLO
5/5 ug versus TIO 5ug (18 m; 95% CI: 2, 34). No
significant differences were found for physical
activity between the two treatments in terms of
mean number of steps per day or daily duration
of physical activity.?

Cost-effectiveness

Opverall, three studies have attempted to assess the
cost-effectiveness and cost utility of TIO/OLO
5/5ug, using a new cost-effectiveness model, devel-
oped by Carl Selya-Hammer.%® This model is based
on an individual patient-level approach and takes
the heterogeneity of the individual patient into
account. More specifically, each patient is tracked
over time and individual changes in pulmonary
function (improvement and decline), disease sever-
ity, exacerbation risk, mortality, costs and quality of
life are monitored over a certain time span and used
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to estimate and predict cost-effectiveness and cost
utility over the following years. That new model
represents an improvement over the older Markov
model, which uses a cohort-like approach whereby
patients are distributed in different cohorts in
accordance with their health states based on the
GOLD COPD classification.

The economic studies were run over a time hori-
zon of 15years while using the data of patients
participating in the two 52-weeks TONADO
studies.!? Pulmonary function was assumed to
decline at a constant rate based on disease stage,
even after patients had left the study. Exacerbation
risk was estimated based on a random-effects
logistic regression analysis of exacerbations in
UPLIFT.%7 Mortality by age and disease stage
was estimated from an analysis of TIOSPIRSS
trial data or data from existing COPD cohorts.
Medical expenditures were calculated from the
perspective of the health care payer, and took
direct medical expenditures associated with bron-
chodilator therapy and other COPD treatments,
such as exacerbations, into account.®®

In the Italian study, incremental cost-effectiveness
ratio was €7518 per additional quality adjusted life
year (QALY) with TIO/OLO 5/5ug versus TIO
5ug, which is far below the thresholds currently in
use to evaluate the clinical value of a treatment.®® A
Dutch study confirmed these data, as it estimated
that TIO/OLO 5/5ug had an incremental cost-
effectiveness ratio of €7004 per QALY, compared
with TIO 5 ug alone.%® In the United Kingdom, the
free-dose combination of TIO 5ug and salmeterol
was associated with the same QALYs as TIO/OLO
5/5 ug, but with higher costs.”®

Safety

The safety profile of TIO, given as mono-compo-
nent, has been investigated in 11,626 patients
with COPD treated with placebo and 12,929 with
TIO (totalling 35 studies with 14,909 patient-
years of TTIO exposure). A numerically lower risk
of adverse events (AEs) with a RR of 0.90 (95%
CI: 0.87, 0.93) and serious AEs (SAEs) with a RR
of 0.94 (95% CI: 0.89, 0.99)) was reported in
favour of the TIO recipients.”! Cardiac AEs were
not increased in TIO-treated patients, with a RR
0of 0.93 (95% CI: 0.85, 1.02)).7!

Safety of OLO was assessed in 16,591 patients
(among whom 14,915 had COPD GOLD stage

2—4) who participated in 26 studies, among which
17 placebo-controlled trials and 9 trials in which
TIO/OLO was compared with TIO. A total of
9855 patients were in the OLO arm and 6736
were in the control arm. In the placebo-controlled
studies, the OLO arm had a numerically higher
odds ratio (OR) for death, a finding that, how-
ever, did not reach statistical significance (OR:
1.31;95% CI: 0.90, 1.89). Heterogeneity was not
observed and subgroup analyses according to the
treatment regimen, type of respiratory disease,
and use of an ICS or a methylxanthine did not
reveal any specific risk factors or risk groups. The
risk of nonfatal SAEs in the OLO arm was not
significantly higher compared with the control
arm (OR: 1.03; 95% CI: 0.91, 1.15).72

The cardiovascular and respiratory safety profile
of TIO/OLO 5/5 ug has been compared with that
of TIO 5 pug in more than 9900 patients who par-
ticipated in the 52-week DYNAGITO and
TONADO studies.”>1173 Total exposure was
4579 person-years for TIO/OLO 5/5 ug, and 4438
person-years for TIO 5ug. The proportion of
patients leaving the trials prematurely was lower
with TIO/OLO 5/5ug (12.5%) than with TIO
5ug (16.4%). This was mainly attributed to a
lower proportion of patients with respiratory AEs,
such as COPD exacerbations and dyspnoea in the
TIO/OLO 5/5ug arm (5.9%) than in the TIO
5ug arm (7.9%; RR: 0.72; 95% CI 0.62, 0.84).
Significant differences in the incidence of AEs
and SAEs, cardiovascular AEs or central nervous
system vascular AEs between treatments were not
observed. The incidence of major adverse cardio-
vascular events (MACEs) was 2.11 per 100
patient-years with TIO/OLO 5/5 ug and 2.22 with
TIO 5ug (RR: 0.95; 95% CI 0.72, 1.25). The
incidence of fatal MACE (including death with
undetermined cause) was 0.91 and 1.00 per 100
patient-years with TIO/OLO 5/5 ug and TIO 5 g,
respectively (RR: 0.91; 95% CI 0.60, 1.37).

Similar conclusions were made in specific sub-
groups, such as the 1742 patients with renal fail-
ure enrolled in the TONADO studies.” Despite
the presence of mild (44%), moderate (13%) and
severe (0.2%) renal impairment, and a history of
hypertension (46%), cardiac disorders (23%) or a
disturbed glucose metabolism (13%), side effects
were distributed equally regardless of the severity
of renal impairment. Approximately 70% of
patients reported one or more AEs. Interestingly,
the proportion of patients experiencing an AE
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was independent of the severity of renal impair-
ment, and the proportion of patients with an AE
or SAE was not related to the arm in which they
were randomized. These recent studies confirm
previous data, showing the absence of any signal
of differences in frequency of AEs and SAEs
between TIO/OLO 5/5ug and its respective
mono-components.3!

When investigating the safety of TIO/OLO in
patients with COPD, it is important to highlight
that in the classical RCT's a well-selected patient
population is treated and examined, since many
exclusion criteria are applied. Most importantly,
patients with asthma or asthma COPD overlap
have been excluded, since monotherapy with
LABAs in asthma has been associated with an
increased risk of severe exacerbations and mortal-
ity.”> Therefore, the safety of TIO/OLO as well as
other LAMA/LLABA FDCs will also need to be
investigated in real life studies (encompassing
observational pharmaco-vigilance studies and
pragmatic trials, enrolling broader patient popu-
lations in primary and secondary care settings).
Indeed, older asthma patients (such as smoking
asthmatics or patients with late-onset asthma)
might be misdiagnosed as COPD, putting them
at risk of treatments with long-acting bronchodi-
lators (LABAs or LAMASs) without ICSs.

Perspective: dual bronchodilatation in

patients with COPD: does it really matter?
Large studies in patients with COPD have une-
quivocally demonstrated that long-acting bron-
chodilator monotherapy not only improves FEV,,
lung volumes and exercise endurance, but also
reduces the risk of exacerbations and improves
patient-reported outcomes, such as breathlessness,
health status or use of rescue medication.10-43,76-79
The key question is whether a switch from long-
acting bronchodilator monotherapy to a LAMA/
LAMA FDC such as TIO/OLO 5/5ug leads to
additional clinically significant benefits and
should be introduced early in the management of
patients with COPD.

LAMASs and LABAs are primarily bronchodila-
tors, but their mechanism of action on airway
smooth muscle is complex. Studies characterizing
the pharmacological interactions between TIO
and OLO in vitro showed that TIO and OLO
induce a submaximal concentration-dependent
inhibition of bronchial contractility, when

administered separately. Low concentrations of a
fixed 5:5 concentration ratio of a TIO/OLO com-
bination elicited an effect that exceeded the
expected additive effect of the drugs given sepa-
rately, suggesting the existence of a strong syner-
gistic interaction.8? The same authors reported
similar i virro findings with other LAMA/LLABA
combinations.81-83

As observed i vitro, the improvement in FEV,
with TIO/OLO 5/5ug or another LAMA/LLAMA,
seen in patients with COPD, slightly exceeds the
sum of the bronchodilating action of its individual
components, as it ranges between 20 and 66 ml in
parallel-group studies and 29 ml in the only cross-
over study published so far.84

In an attempt to understand the working mecha-
nism of short-acting muscarinic antagonists
(SAMASs) and short-acting 3,-agonists (SABAs) in
patients with COPD, Donohue reported 15years
ago that some patients with COPD reversed to sal-
butamol only, others to ipratropium only, a third
group to both drugs, whereas some were not revers-
ible at all.8> This eventually supports the use of
SABA/SAMA formulations as rescue therapy in
patients with COPD. More recently, the same
author investigated in a crossover study the ability
of individual patients with COPD to increase their
FEV, after inhalation of either UMEC, VIL or
UMEC/VIL.8¢ This allowed the investigators to
classify patients with COPD into four groups:
responders to UMEC only, responders to VIL
only, responders to both UMEC and VIL and non-
responders to either of the two drugs. Small
improvements with UMEC/VIL over monotherapy
were observed in nonresponders to both UMEC
and VIL, which tended to be more than additive in
nature. Less than additive effects to UMEC/VIL
were observed in dual responders, suggesting that
in the latter patients the effects of UMEC/VIL were
near the plateau of the dose-response curve. In
patients responding to only one drug, full additive
effects were noted. Although these findings require
confirmation with other LABA/LAMA FDCs, this
analysis strongly supports that beneficial effects of
dual bronchodilatation may be expected in most
patients with COPD, with quantitatively greater
improvements in patients identified as responders
to either a LAMA or a LABA.

The GOLD 2019 document proposes to start
with one bronchodilator in symptomatic patients
with COPD, currently classified as GOLD stage

journals.sagepub.com/home/tar


https://journals.sagepub.com/home/tar

E Derom, G Brusselle et al.

B and upgrade to dual bronchodilator therapy, if
symptoms persist.! This recommendation is
based on the response analysis of the effects of
long-acting bronchodilators on patient-reported
outcomes, which indicates that already 40-50%
of the patients with COPD experience a clinically
significant improvement with one long-acting
bronchodilator, whereas the addition of a second
bronchodilator enhances the number of respond-
ers by no more than 10%,* restricting its use to
patients with persistent daytime dyspnoea or
reduced HR-QoL on monotherapy.3°

This approach can be questioned, since data now
support that an earlier introduction of dual bron-
chodilatation slows down the decline over time of
dyspnoea and HR-QoL3* and leads to a substan-
tial reduction in rescue medication (Figure 1).
Moreover, doubts exist whether traditional
thresholds may be used to distinguish responders
from nonresponders to compare two active treat-
ments, since these thresholds have only been vali-
dated for placebo-controlled trials.87

It is well established that bronchodilators reduce
dynamic hyperinflation, even in the absence of any
change in FEV, 88 In this regard, the effects of
TIO/OLO 5/5ug on hyperinflation, exercise
endurance and activity-related breathlessness rep-
resent undoubtedly the most convincing plea for
the early initiation of dual bronchodilatation in the
treatment of patients with COPD. Indeed, only
dual bronchodilatation yielded statistically signifi-
cant increases in EELV and residual volume (RV)
which persist for more than 22h.!> These data
were confirmed in six other studies which unequiv-
ocally showed that TIO/OLO 5/5ug yielded
increases in IC at rest and during exercise, that
were twice as large as after monotherapy and vastly
exceeded the MCID, compared  with
placebo.>:6,8-10

These increases in IC observed with mono- and
dual bronchodilator therapy were not always
transferred into statistically or clinically signifi-
cant improvements in EET.

In some studies, TIO/OLO 5/5ug yielded numeri-
cally larger improvements in exercise endurance
than a single bronchodilator,® whereas in other
studies the additional increase in IC was not or
barely transferred into a gain in exercise endur-
ance.> Such inconsistencies have also been
observed with other LAMA/LLABA FDCs8-92 and

might be attributed to at least two factors. First,
the presence of hyperinflation was not an inclusion
criterion in exercise endurance studies with TIO/
OLO 5/5ug and the absence of lung hyperinflation
in some of the included patients might have mini-
mized the improvement in IC even after maximal
bronchodilatation. Second, it is unlikely to expect
an exercise benefit of similar magnitude in patients
with COPD when adding a second bronchodilator
to an existing one than when adding one broncho-
dilator to placebo, since exercise limitation is often
multifactorial. If providing additional bronchodila-
tation with a second bronchodilator prolongs exer-
cise duration in some patients with COPD, in
others it shifts the mechanism of symptom limita-
tion from dyspnoea to leg fatigue.?3-%¢ In the latter
situation, only a combination of exercise training
and maximum bronchodilatation could enhance
exercise endurance.

The relevance of the latter mechanism was illus-
trated in the PHYSACTO study, which showed
that the gain in exercise endurance was greater in
TIO/OLO 5/5ug recipients treated with than
without exercise training.® Although the numerical
difference in EET between these two groups was
not significant, it should be underlined that the
magnitude of the effect of patients receiving train-
ing, reported in the paper, was underestimated,
since the endurance test was terminated after
20 min.

Whereas TIO/OLO 5/5ug is superior to a mono-
component in the context of endurance time if
combined with exercise training (and therefore
should be prescribed to patients with COPD in
order to maximise the effect of a pulmonary reha-
bilitation programs3), the incremental benefit of
adding OLO 5pug to TIO 5ug to reduce COPD
exacerbations is apparently less convincing’: a
decrease by only 7% in moderate-to-severe exac-
erbations (p = 0.498) was seen with dual bron-
chodilatation versus TIO 5ug in the DYNAGITO
study. That the targeted 0.01 significance level
was not met may be attributed to inappropriate
choices made in its statistical analysis. Indeed,
confounding factors were not taken into account.
If multiple covariates models similar to those used
in previous COPD trials, such as SPARK® or
FLAME®® had been used, the targeted p value
<0.001 would have been reached for differences
in annualized rate of moderate-to-severe exacer-
bations between TIO/OLO 5/5ug and TIO 5pug,
with reductions in exacerbation rate ranging
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between 9 and 11%.7 These results are consistent
with the reduction by 10-12% reported in the
SPARK study,?> the only other study in which the
effects of GLY/IND and LAMASs on exacerbation
rates were compared.

The modest reduction in the risk to exacerbate
when adding a LABA to LAMA monotherapy’-9>
does not invalidate the role of dual bronchodilata-
tion in the reduction of COPD exacerbations.
Indeed, several studies have documented that add-
ing a LAMA to a LABA/ICS leads to a significant
reduction in COPD exacerbations.?”-190 Currently,
the main mechanism by which LAMAs and
LABAs reduce exacerbation rates is attributed to
the reduction of the baseline threshold for symp-
toms through a lowering the degree of hyperinfla-
tion. That beneficial effect may be amplified by a
decrease of symptoms via other mechanisms, such
as decreased mucus secretion (by LAMASs) and
enhanced mucociliary clearance (by LABASs).101
Conversely, ICSs reduce exacerbation rate in
patients with COPD by its anti-inflammatory
properties and particularly by reducing the num-
ber of recurrent exacerbations, with a substantial
treatment benefit that is higher in patients with an
elevated blood eosinophil count,102103

Data from the IMPACT study, which addressed
the effects of UMEC/VIL, a LAMA/LLABA FDC,
VIL/FLU, a LABA/ICS and UMEC/VIL/FLU, a
LAMA/LABA/ICS on exacerbation rate in patients
with COPD with moderate-to-severe and often
recurrent exacerbations, allows the clinician to
position LAMA/LLABA and ICS-containing for-
mulations in the maintenance treatment of
COPD.7 Indeed, a detailed analysis of the
IMPACT study demonstrates that the ability of
the ICS-containing treatments to reduce exacerba-
tion rates is highly dependent on blood eosinophil
count: LABA/ICS and LAMA/LLABA/ICS une-
quivocally reduce exacerbation rate compared with
LAMA/LABA in patients whose blood eosinophil
count exceeds 150/ul, with a greater effect at blood
eosinophil counts >300/ul and a virtually absent
effect below a blood eosinophil count of 100-—
150/pl. In the latter patients, the effect of LAMA/
LABA equalled that of triple therapy and was
superior to that of a LABA/ICS FDC.!%¢ Similar
findings were made in the KRONOS study.1%0
These prospectively collected data are in line with
previously published retrospective data on the role
of blood eosinophil levels in predicting the thera-
peutic response to ICS in patients with COPD

with frequent exacerbation phenotype®8:105-109 and
eventually confirms its role as a theragnostic
masker. Hence, maximum bronchodilatation
might be the treatment of choice in patients with
COPD who exacerbate and exhibit low blood
eosinophil counts, as GOLD 2019 suggests.!

Conclusion

TIO/OLO 5/5ug is a LAMA/LABA FDC which
has been thoroughly investigated in over 15,000
patients with COPD. Its effects on a variety of
relevant clinical endpoints demonstrate superior-
ity over its mono-components, with improve-
ments in spirometric variables and lung volumes
that exceed the minimal clinically important dif-
ference. These physiological improvements are
translated into gains in patient-reported outcomes
(such as dyspnoea, HR-QoL, and use of rescue
medication), exercise endurance and physical
activity, which generally exceed the effects seen
with monotherapies. Addition of OLO 5pg to
TIO 5pg reduces exacerbation rate in patients
with COPD by 10%, a finding which is consistent
with those seen with other LAMA/LABA combi-
nations. In patients with COPD with low blood
eosinophil counts, there is increasing evidence
that dual bronchodilatation is as good in prevent-
ing COPD exacerbations as LAMA/LLABA/ICSs
and even better than LABA/ICSs. TIO/OLO
5/5ug is well tolerated, provided that patients
with asthma are excluded.
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