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Abstract

Asthma remains a formidable public health problem with ever increasing annual costs and prevalence.
There are 300 million people with asthma worldwide. Per the Centers for Disease Control and Prevention,
there are over 25 million Americans with asthma (both children and adults), i.e. one in 12 people have
asthma, and this is increasing annually. Asthma results in approximately half a million hospitalizations and
two million emergency department (ED) visits per year. In 2007 alone, 185 children and 3262 adults died
from asthma, i.e. nine to ten patients die a day from asthma. This resulted in an annual cost of $56 billion in
medical costs, lost work/school days, and early deaths. Therefore, we need novel and innovative therapies
for asthma.

In this Editorial, | review results from a study by Tse et al. evaluating the therapeutic potential of
statins, within the context of our current state of knowledge. | review observational studies and clinical
trials, highlight some potential pitfalls in clinical trial design, and discuss important questions for future
research.

Statin use and asthma outcomes: findings, limitations,
and opportunities

Tse et al.! report a large retrospective cohort observational study evaluating
whether statin use in asthmatics was associated with decreased asthma-related
hospitalizations and/or ED visits. A population-based administrative database
was used to determine outcomes in adults on statins over a period of 12 months.
Using pharmacy records, the authors defined statin use based on a measure of
‘statin exposure’. Patients were stratified into two groups according to their
inhaled corticosteroid (ICS) use, a total of 3747 ICS users and 2905 non-ICS
users. The authors found that among ICS users, statin use was associated with
reduced odds of asthma-related ED visits (OR=0.77, 95% CI 0.64-0.94,
p=0.008), but not with asthma-related hospitalizations. Non-ICS users
showed no significant associations.

The strengths of this study include a large real-life cohort of asthmatics, an a
priori evaluation based on ICS use, and an assessment of statin exposure up to
the time of asthma-related events. This work provides indirect evidence that
statins may improve important asthma outcomes such as acute exacerbations.
This work along with others”™ provides support for a large randomized con-
trolled trial (RCT) of a statin intervention in asthma.

As with any observational study, there are unavoidable limitations.
Although the authors attempted to control for residual confounding by
statin indication in their multivariate model (e.g. ischemic heart disease,
stroke, diabetes), this does not fully account for the fact that the two popu-
lations are different hosts. However, even though statin users were a sicker
cohort, they still did better than non-users indicating that statin use may
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have had a beneficial effect. Of note, lung function as
a measure of baseline asthma severity, such as FEV1%
predicted, was not
accounted for in their statistical models. The authors
also did not exclude patients with overlapping asthma
and COPD whose response to statins may be different.
Finally, a common criticism of statin observational stu-
dies is the confounding effect of the ‘healthy user
effect’; however, others have attempted to account for
this phenomenon and still showed a benefit to statin
use’. To know with greater confidence, properly
designed multi-center RCTs are needed.

The reason(s) for the discrepancy between asthma-
related ED visits and hospitalizations in Tse et al.’s study
is not clear. Statin use was associated with an improvement
in the former but not the latter. Tse et al.’s findings regard-
ing asthma-related hospitalizations differs from that of
other authors”’. While many reasons can be hypothesized
to explain this discrepancy, one can presume that a com-
bination of different factors led to an ED visit rather than
hospitalization. Patients who were hospitalized due to their
asthma may have more severe disease and, thus, it becomes
important to carefully consider the hospitalized patient in
future studies.

However, despite these limitations, observational
studies including this one by Tse et al. do point us in
a new direction. It provides important data to inform
the planning of future asthma-statin RCTs. These data
suggest that statins should be given to asthmatics
already on ICS and for at least 12 months. Data
already exist to support the additive or synergistic
effects of statins and ICS in human asthma®’. The
beneficial effects of statins in reducing sputum inflam-
matory markers®, yet lack of improvement in lung func-
tion, could be due to the short treatment duration (i.e.
maximum 8 weeks long) of statin therapy®’. The
authors acknowledge that it may take years before posi-
tive effects on lung function and/or airway remodeling
may be seen with statins.

available and therefore not

Published randomized controlled trials in
asthma using statins

Over the past six years or so, interest in the topic of statins
as a potential therapy for airway disease such as asthma and
COPD has grown. Investigators from varied countries and
disciplines have evaluated the therapeutic potential of
statins. However, most of these studies have been obser-
vational in nature’, and the handful of RCTs performed
have yielded mixed results at best"!°™°. In addition, none
of the clinical trials evaluated important endpoints such as
acute exacerbations or ED/hospital admissions. Despite
this, some benefits were noted in two of the seven reported
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trials. Braganza et al. showed a benefit in smoking asth-
matics with improved quality of life (QOL) scores'!, while
Cowan et al. reported improved ACQ (Asthma Control
Questionnaire) asthma control scores, FEV1, and sputum
eosinophil counts in mild asthmatics weaned off of ICS!%.
While statins cannot yet be recommended for the treat-
ment of asthma in the absence of stronger results from
RCTs, significant opportunities remain as this area is
ripe for investigations on several levels.

It is well accepted that the statins have revolutionized
the treatment of cardiovascular diseases. In addition to
reducing cardiovascular events and deaths due to myocar-
dial infarctions', statins amazingly reverse atherosclerotic
vascular wall remodeling!” thereby improving coronary
blood flow. This key observation is not seen over a scale
of weeks or months, but rather over years of treatment.
Therefore, the temporal relationship between statin use
and the asthma outcome of interest becomes a very import-
ant point of consideration. Might the same thing be pos-
sible in asthmatic airways with respect to adverse structural
remodeling and luminal narrowing? This is perhaps the
single most important point to be raised regarding the
lack of efficacy in the aforementioned asthma-statin
RCTs — the treatment duration. The above RCTs studied
astatin intervention over 4 or 8 weeks. Based on Tse etal.’s
findings and that of others, we may need 1 to 2 years of
statin treatment before acute exacerbations and/or oral
corticosteroid use are reduced; and perhaps longer duration
for anti-remodeling effects.

Potential benefits in asthma

Given the biological plausibility of the statins with
respect to lung and airway diseases in particular, and
given their pleiotropic immunomodulatory effects'®!”,
it is reasonable to think that the statins could have a
beneficial effect in asthma (Figure 1). This would
require the correct experimental conditions, the right
type of statin, and the appropriate patient population
that is most likely to benefit.

Many additional areas of investigation are needed in
order to better understand statins’ potential benefits and/
or potential harms. To date, we still do not know whether
an orally ingested statin even reaches the airway compart-
ment, let alone the bronchial epithelium — but we assume
it does. The answer to this important question has clear
implications for direct statin effects on airway resident
cells such as epithelial, mesenchymal (e.g. fibroblasts,
airway smooth muscle), and endothelial cells, including
the resident immune cells (e.g. macrophages and airway
dendritic cells).

The immune and endothelial effects of statins are gen-
erally well established in the cardiovascular literature.
Some work has already been done in epithelial and
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Clinically Relevant Statin Effects in Asthma Pathology

Airway Airway Remodeling
Hyperreactivity (e.g goblet cell
Smoke-induced —_— hyperplasia/metaplasia,
airway epithelial ASMC proliferation, TGF31
shedding and arginase production,
subepithelial fibrosis)
Airway epithelial Bronchial
cytokine/chemokine Ii STATINS 4' inflammatory cell
production influx
Immune cell
modulation Airaway mesenchymal cell
(e.g. T-cells, collagen/fibronection
macrophages, — production
eosinophils) Vascular effects
(e.g. eNOS, NO,
VEGF, CRP,

angiogenesis)

Abbreviations: ASMC = airway smooth muscle cell, TGFB1 = transforming growth factor-p1,
eNOS=endothelial nitric oxide synthase, NO = nitric oxide, VEGF = vascular endothelial growth
factor, CRP = C-reactive protein. Lines alone represent statin inhibition, lines with arrow heads

represent statin modulation.

Figure 1. Clinically relevant statin effects in asthma pathology.

mesenchymal cells, but we are in the early stages. For
instance, simvastatin inhibits airway smooth muscle cell
proliferation 2 and airway hyperreactivity
2122 " while inducing apoptosis in airway mesenchy-
mal cells?®?*. Might statins mitigate airway smooth muscle
cell mass and thereby reduce airflow obstruction? Statins
also have differential effects on epithelial cytokine produc-
tion, with most publications indicating inhibition of
pro-inflammatory cytokines”> . Furthermore, detailed
mechanistic studies are also needed in order to elucidate
the underlying mechanisms involved. Thus, the central
question of direct statin effects on airway structural cells
in the human host, and the logical link to route of admin-
istration and drug development, remain critical areas
for research.

in vitro
in vivo

Questions for future clinical studies

As one contemplates the next steps in research, the fol-

lowing questions arise:

e What is the ideal route of administration, i.e. oral
versus inhaled versus both?

e What are statins’ effects on airway epithelial mucosal
immunity and barrier integrity?

o Which combination treatments (ICS, LABA, LAMA,
LTRA, etc. + statin) might have the best effect on
reducing asthma exacerbations and airway remodel-
ing/disease while  improving
function?

progression, lung

© 2014 Informa UK Ltd  www.cmrojournal.com

e Which class of statin has the greatest potential for
benefiting asthmatics (i.e. hydrophilic versus hydro-
phobic statins)?

e What about the pediatric asthma population? When is
it too early (or too late) to begin treatment? [s it safe to
use a statin in this population?

e What lung-specific versus systemic biomarkers (or
gene signatures) might predict a ‘statin-responsive’
asthmatic subgroup?

e What asthma phenotype or sub-phenotype is most
likely to benefit?

Many more questions exist and will likely arise. While
tempered optimism is appropriate regarding statins in
asthma, given the widespread use of statins worldwide, ser-
ious efforts should be undertaken to answer the above
questions. Beyond their fascinating biological activities,
the statins have the potential to be an important adjunct-
ive therapy in our treatment armamentarium. Advances in
this area might usher in the next innovative yet hopefully
inexpensive therapy for asthma.
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