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In January 2004, tiotropium bromide (Spiriva;
Boehringer Ingelheim/Pfizer), an orally inhaled
anticholinergic drug, was approved by the US
FDA for the treatment of chronic obstructive
pulmonary disease. Is it likely to become the
bronchodilator of choice for this common and
increasingly prevalent condition? 

Chronic obstructive pulmonary disease
(COPD), which is characterized by a progres-
sive development of airflow limitation that is
not fully reversible, is one of the most common
chronic diseases1. It is predicted that by 2020 it
will have risen from being the twelfth most
prevalent disease worldwide to the fifth, and
from the sixth leading cause of death to the
third1,2. The disease is largely caused by
smoking, although there are other risk factors,
such as air pollution1.

At present, there are no drugs that slow or
halt the progression of COPD. Current pharma-
cotherapy of the disease is primarily based on
bronchodilatory drugs  in particular inhaled
anticholinergic agents and β

2
-adrenoceptor

agonists  to provide symptomatic relief1,3.

Basis of discovery
In COPD, bronchoconstriction is predomi-
nantly controlled by cholinergic neural path-
ways4,5. Three muscarinic acetylcholine receptor
subtypes  M

1
, M

2
and M

3 
 have been identi-

fied in the human lung, which have different

roles. M
1

muscarinic receptors facilitate cholin-
ergic neurotransmission through parasym-
pathetic ganglia; M

2
muscarinic receptors on

post-ganglionic cholinergic nerves provide neg-
ative feedback to reduce acetylcholine release;
and M

3
muscarinic receptors on airway smooth

muscle and glands mediate bronchoconstric-
tion and mucus secretion4,5.

Ipratropium bromide, which is a specific
antagonist of muscarinic receptors, has been
used as a bronchodilator therapy for COPD for
many years, but its short duration of action
means that it typically needs to be administered
four times per day, which can cause problems
with drug adherence. The clinical need for anti-
cholinergic agents with a longer duration of
action was a key factor driving the development
of tiotropium bromide, which is structurally
related to ipratropium bromide4,5 (FIG. 1).

Drug properties
Tiotropium is a specific antagonist of mus-
carinic receptors that binds to all receptor sub-
types with similar affinity, but it dissociates
from the M

1
and M

3
muscarinic receptors

more slowly than from the M
2

muscarinic
receptor4,5 (FIG. 1). Compared with ipratropium,
tiotropium has roughly a tenfold greater affinity
for muscarinic receptors, and it dissociates
~100-fold more slowly from the M

1
and M

3

muscarinic receptors4,5. This translates into a
prolonged duration of action for tiotropium

bromide compared with ipratropium bromide,
allowing once-daily dosing via oral inhalation.

Clinical data
Tiotropium bromide (inhaled as a dry powder
once daily by means of the HandiHaler inhala-
tion device) was evaluated in trials involving
more than 2,500  patients with COPD6–9. In all
these studies, tiotropium bromide provided
improvement in lung function (assessed by
forced expiratory volume in one second
(FEV

1
))10.For example, in two one-year placebo-

controlled trials, the mean  FEV
1
response from

baseline was 0.14 litres greater than placebo (0–3
hour average)  after the first dose of tiotropium
(day one). Further improvements in FEV

1
were

seen as treatment progressed, with pharmaco-
dynamic steady state being reached by day
eight with once-daily treatment10. The mean
improvement in FEV

1
over placebo, relative to

baseline, ranged from 0.20–0.23 litres over the
remainder of the 49-week studies. Improvement
of lung function was maintained for 24 hours
after each dose, and was sustained during the
one-year treatment period, with no evidence of
tolerance10. Reduction in dyspnoea (shortness of
breath or difficulty in breathing) is another
important factor for assessing COPD treat-
ments, and tiotropium bromide recipients 
in one-year trials showed significantly less 
dyspnoea than those receiving placebo6.

Tiotropium bromide has also been com-
pared with ipratropium bromide and the long-
acting β

2
-adrenoceptor agonist salmeterol7–9. In

two one-year trials involving 535 patients with
COPD, tiotropium bromide was effective in
improving lung function, dyspnoea and health-
related quality of life, and exceeded the benefits
seen with ipratropium bromide7.In two six-
month trials involving a total of 1,207 patients
with COPD, tiotropium bromide once daily
produced superior bronchodilation to placebo
and twice-daily salmeterol8,9. In the combined
analysis of the two trials, only tiotropium pro-
vided clinically meaningful improvements in
dyspnoea and health-related quality of life.

Indications
Tiotropium bromide inhalation powder is
indicated for the long-term, once-daily, main-
tenance treatment of bronchospasm associated
with COPD, including chronic bronchitis and
emphysema10.
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Tiotropium bromide monohydrate

(1α,2β,4β,5α,7β)-7-[(hydroxydi-2-thienylacetyl)oxy]-9,9-
dimethyl-3-oxa-9-azoniatricyclo[3.3.1.02,4]nonane
bromide monohydrate; C19H22NO4S2Br • H2O; 
Mr = 490.4; CAS registry number: 136310-93-5

M1: Kd = 0.04 nM; t1/2 = 14.6 h
M2: Kd = 0.02 nM; t1/2 = 3.6 h
M3: Kd = 0.01 nM; t1/2 = 34.7 h

M1: Kd = 0.18 nM; t1/2 = 0.11 h
M2: Kd = 0.20 nM; t1/2 = 0.035 h
M3: Kd = 0.20 nM; t1/2 = 0.26 h
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Figure 1 | Anticholinergic drugs for the treatment of chronic obstructive pulmonary disease.
a | Ipratropium bromide. b | Tiotropium bromide. Dissociation constants and dissociation half-lifes for muscarinic
receptors are shown. The kinetic selectivity that tiotropium shows for the M1 and M3 muscarinic receptors might
be advantageous, as antagonism of M2 muscarinic receptors has the potential to increase acetylcholine release.  
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The disease burden from COPD is extensive
across the major markets. Prevalence is esti-
mated at 16–17% in the United States and
Europe, and 8.7% in Japan, which in total rep-
resents 47 million affected individuals. The
number of prevalent cases is expected to grow
to 56 million by 2012 as populations age and
earlier diagnosis becomes more common.

Despite the vast numbers of affected indi-
viduals, primary care providers (PCPs) in the
major markets often fail to diagnose and treat
COPD appropriately. Few PCPs are trained in
the use of spirometry, and can fail to recognize
mild symptoms as early-stage disease. So, many
patients have already lost substantial lung
function before drug treatment is initiated.
Furthermore, PCPs often rely on agents that are
appropriate for treating asthma, but are of
questionable value for COPD. Most notably,
PCPs over-prescribe inhaled corticosteroids
and β

2
-adrenoceptor agonist/corticosteroid

combination products to patients with COPD,
but under-prescribe anticholinergics. Because
many patients with COPD are treated exclu-
sively by PCPs, particularly in the earlier stages
of the disease, the impact of these common
medical practices on the market is substantial.

Sales of drugs to treat COPD totalled $US
2.7 billion in the major markets in 2002 (FIG. 2).
Inhaled corticosteroids and β

2
-adrenoceptor

agonist/corticosteroid combination products
captured the largest shares of the market, even
though these agents are only recommended
for the most severely affected patients. By con-
trast, anticholinergics captured less than 10%
of the market, despite being the recommended
first-line treatment for COPD.

Enter tiotropium
Tiotropium is the newest anticholinergic avail-
able for long-term maintenance treatment of
COPD, and is in a good position to compete
with other approved maintenance therapies for
COPD because of its comparable or superior
efficacy. Furthermore, tiotropium’s long half-
life allows for once-daily dosing, thereby
offering greater convenience than other avail-
able maintenance therapies. Tiotropium also
offers greater convenience than long-acting 
β

2
-adrenoceptor agonists and β

2
-adrenoceptor

agonist/corticosteroid combination products,
each of which are taken twice a day. Because
most COPD patients are older patients who are
likely to be taking several prescription drugs, a
simpler dosing regimen is expected to improve
compliance and enhance tiotropium uptake.

Physician education will be a significant
factor in establishing tiotropium’s dominance

in the COPD market. Although specialists are
already comfortable prescribing anticholi-
nergics for their patients, PCPs are less familiar
with these agents because of their reliance on
corticosteroids and corticosteroid combination
products. Pfizer and Boehringer Ingelheim
have embarked on a physician education cam-
paign to promote early diagnosis of COPD
among PCPs and specialists. Earlier diagnosis
and treatment will expand the patient popu-
lation treated with anticholinergics.

The COPD symptom most often mentioned
by patients as contributing to deteriorating
quality of life and reduced physical activity is
dyspnoea, but so far no agent for the treatment
of COPD has received FDA approval for the
treatment of dyspnoea. This is largely because
the FDA is not convinced that the instrument
used to measure dyspnoea (the Baseline
Dyspnoea Index (BDI)/Transition Dyspnoea
Index (TDI)) is sufficiently validated. Pfizer and
Boehringer Ingelheim sought labelling for the
treatment of dyspnoea in their application 
to the FDA, but the FDA voted unanimously to
reject this claim. If Pfizer and Boehringer
Ingelheim can provide persuasive data regard-
ing dyspnoea to the FDA in the future, tio-
tropium will have another unique and highly
attractive attribute to distinguish it from other
agents in the COPD market.

Another consideration for Pfizer is the
potential addition of roflumilast (Daxas;
Pfizer/Altana) to the COPD market. Roflu-
milast is presently pre-registered in Europe and
an NDA filing is expected in the United States at
the end of 2004. If approved, roflumilast will
probably become the first phosphodiesterase-4
inhibitor for the treatment of COPD. As a
once-daily oral treatment, it offers attractive

convenience.However, expert physicians remain
cautious about roflumilast because of reported
adverse effects, including nausea, and because
existing oral therapies for COPD do not provide
sufficient efficacy to be used as monotherapies.

In view of tiotropium’s efficacy, convenience
and marketing support, peak-year sales are
expected to reach US $2.7 billion by 2012
(FIG. 2). Tiotropium will have a substantial
impact on the market for COPD therapies,
which will expand considerably during the next
decade. It is not yet known precisely how
tiotropium will shape medical practice; however,
it is very likely that tiotropium will emerge as
the leading bronchodilator for treating COPD.
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Figure 2 | Market for drugs to treat COPD in US $ million. Data are for the seven major pharmaceutical
markets (United States, France, Germany, Italy, Spain, United Kingdom and Japan).

TIOTROPIUM BROMIDE | MARKET ANALYSIS

▲


