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Welcome

It gives me great pleasure to welcome you to the debut edition of EMJ - Respiratory. This journal is
our biggest to date, and includes the EMJ comprehensive and impartial review of the most prominent
meeting of respiratory specialists in Europe, the European Respiratory Society Annual Congress 2013,
held in Barcelona, Spain. A range of compelling articles featuring research reports, literature reviews
and treatment analyses are also included, forming a well-rounded report of the progress within the
respiratory field throughout 2013, and guidance for the future.

In continuation of the hot topics featured at the ERS Congress 2013, EMJ - Respiratory focuses on
respiratory diseases, namely COPD and asthma. Significant aspects of these diseases are discussed
such as: development of new strategies for treatment, improvement of current treatment administration
technique and adherence in patients, and research into detection of disease and connections with other
health conditions. Also featured are updates on existing respiratory threats such as incense, pollution
and harmful chemicals in deodorants, as well as information of new breakthroughs in body-oxygenating
microparticles which could keep a patient breathing, even after lung failure.

BBC reporter Vivienne Parry, speaking at the Congress in Barcelona, emphasised the growing impetus
within the field of respiratory, and the reflection of this within the media. Parry observed: “The whole
area of respiratory medicine is now buzzing in the same way [as the field of Oncology]. A vibrant
pipeline, huge excitement, and actually, recognition of lung disease and its importance...In journalism in
the past we’ve been guilty of writing about things that our editors most liked: asthma, TB, things that
were ‘sexy’ and ignoring the huge burden of lung disease. | think that’s now changing and has changed
already,” Parry continued, highlighting the increased recognition and understanding of lung disease, and
its implications.

The issue of adherence to treatment was addressed by many new methods, with clear recommendation
that both patients and healthcare providers are equally responsible for the improvement of drug efficacy.
For example, presentations at the Congress suggested that patients could be virtually monitored via
mobile phone technology taking their medication, and for clinicians, a music video has been created to
aid them in memorising guidelines for the treatment of asthma patients.

Looking to the future, patient involvement is the critical topic which requires development, particularly
when aiming to reach full potential of treatment and improve healthcare policy efficacy. Monica Fletcher,
Chair of the European Lung Foundation, explained: “Patient involvement is not clearly understood by
either patients or practitioners and often means different things to different people, and that’s one of
the major issues we are facing.”

Ultimately, patients should be at the centre of development, and deserve to be part of the decision-
making and treatment process, but more than this, they could actually improve outcomes of others via
feedback, as they have relative experience of treatment as a user. Speaking with regards to health policy,
guideline development and patient-centred care, Fletcher commented: “Patients who are citizens, have
a moral and ethical right to be involved on decisions around healthcare policy,” adding the poignant
statement: “Care, we ignore that word at our peril.”

Ao

Kelly-Ann Lazarus
Editor, European Medical Journal

European Medlical Journal - Respiratory is published annually.
For subscription details please visit www.emjreviews.com

All information obtained by European Medical Journal and each of the contributions from various sources is as current and accurate as
possible. However, due to human or mechanical errors, European Medical Journal and the contributors cannot guarantee the accuracy,
adequacy or completeness of any information, and cannot be held responsible for any errors or omissions. European Medical Journal
is completely independent of the review event (ERS 2013) and the use of the organisations does not constitute endorsement or media
partnership in any form whatsoever.
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Professor Nicholas Hill

Professor of Medicine,
Tufts University, Massachusetts, USA

Dear Colleagues,

| am honoured to introduce the inaugural volume of EMJ - Respiratory. This journal aims to
focus on recent advances in the respiratory field, presenting balanced and comprehensive
reviews, original articles, practice guidelines, and case reports. The European Medical
Journal provide articles by leading authorities in the field, written with busy physicians,
clinicians and industrial professionals in mind, who are able to keep themselves updated
and can access comprehensive bibliographies if they seek additional information. This
inaugural volume presents a range of articles representing the journal’s scope, including
airway disease, interstitial lung disease, infectious lung disease, and rare conditions like
pulmonary alveolar proteinosis.

At a time when there are multiple journals already publishing similar materials, others
now entering the respiratory field, which is supported by well-known respiratory societies,
prominent journals and a plethora of open access online respiratory journals, one might ask
what purpose an additional respiratory journal serves? My answer is that multiple interests
are served. Competition between journals is healthy, making them more creative with the
features they offer and forcing them to strive for the best quality submissions. They also
seek to improve the quality of the manuscripts they accept, employing biostatisticians
and science writers to work with submitting authors. Perhaps of most value, authors and
investigators in the field have more options for publishing, something especially important
for younger, lesser-established authors.

On the other hand, one can’t help worrying that a saturation point will be reached, where
there are not enough high-quality articles to go around and the quality of journals will
drop due to dilution. This is unlikely to impact well-established journals with high impact
factors, which will continue to attract the best submissions, but it is a concern for lesser-
known, newer entries. Furthermore, there is not a limitless supply of experienced, expert
reviewers who can help to assure the quality of journal publications. | am not concerned
about EMJ - Respiratory in this regard, however. The journal is supported by a large, well-
experienced publishing company with a large, successful panel of other sub-specialty
journals. The staff are experienced and skilled and the editorial board of EMJ - Respiratory,
consisting of internationally-renowned experts in respiratory medicine, will offer expert
guidance. This introductory volume exemplifies the quality of published articles we can
expect from this new journal. So please join me in congratulating the editors and staff
on this inaugural issue and wish them every success, which will be a boon for the field of
respiratory medicine.

Vecbelley S, Ghetr

Professor Nicholas Hill

Past President of the American Thoracic Society (ATS); Professor of
Medicine, Tufts University, and Chief of the Pulmonary, Critical Care
and Sleep Division, Tufts Medical Center, Boston, Massachusetts, USA.
Professor Hill holds a Distinguished Scholar Award from the American
College of Chest Physicians. His clinical specialties include: pulmonary
hypertension, mechanical ventilation, noninvasive ventilation, and
general pulmonology.
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Welcome to the European Medical Journal review of
the European Respiratory Society Annual Congress 2013

THE 23 Annual Congress of the European
Respiratory Society (ERS), which took place
from the 7™-11" September 2013, was an exciting
event, hosting the Ilargest congregation of
respiratory specialists in the world. Held in the
vibrant and diverse city of Barcelona, with its
backdrop the perfect combination of modern and
historical features, artistic, cultural and industrial
activities, it was the idyllic setting for hosting this
auspicious event.

The Congress attracted approximately 21,000
delegates, 470 invited speakers, 177 exhibitors,
and 20 patient organisations, in a united front to
strengthen the aims of the ERS and the therapeutic
area which they seek to continuously develop.
Intriguing topics covered by the Congress included
the branch of respiratory medicine combined
with large portions of a patient’s everyday life,
including collaboration with a football team to aid
smoking cessation, the launch of a music video to
help doctors remember asthma guidelines, and
informative sessions on lung diseases ranging
from childhood to adulthood.

This year’s Presidential Summit was a
monumental one, with Vice President Professor
Peter Barnes being appointed to the role of
President of the ERS. The platform was shared by
the former ERS President, Professor Francesco

Blasi, and focused primarily on updates from “News about the ERS has already
the Dublin session, highlighting research gaps, generated over 800 news cuttings in
patients’ health requirements, and innovative both the medical and popular press.”

research for the future.
Professor Peter Barnes,

In an open letter to the members of ERS, posted President, European Respiratory Society

on the society’s official website following the
Congress, Professor Barnes stated: “Despite the

10 RESPIRATORY ¢ October 2013 EUROPEAN MEDICAL JOURNAL
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Congress being over for another year, we are still
making headlines across the world. The week
began with news about the ERS appearing on
the international BBC News website, Svenska
Dagbladet in Sweden and on the Agenzia
Giornalistica Italia website in Italy.

“News about the ERS has already generated
over 800 news cuttings in both the medical and
popular press. | would like to thank all of you who
joined us in Barcelona and those who contributed
to the success of the Congress. We look forward to
seeing you again in Munich next year.”

Another focal point of the Congress was the
ERS-funded award into the research of chronic
pulmonary disease (COPD), which was awarded
to Dr Martijn A. Spruit whose research observed
the effects of pulmonary rehabilitation of patients
with COPD. Also, results from TIOSPIR™, one
of the largest-ever clinical trials on COPD by
Boehringer Ingelheim, were also announced. The
use of HandiHaler® or Respimat® in the delivery of
tiotropium had varying effects in reducing COPD
exacerbation. Furthermore, a new discovery into
the link between obstructive lung disease and
cognitive impairment, was also discussed.

Asthma was a key topic discussed at the Congress,
with substantial results announced from a clinical
trial testing the Boston Scientific Alair® Bronchial
Thermoplasty (BT) system’s  effectiveness
in treating severe asthma. Furthermore, the
association of asthma with argan powder, an
ingredient found in cosmetics, was also presented
at the Congress, coupled with the possibility of
severe asthma sufferers being less responsive to
treatment in comparison to mild asthma sufferers.

EUROPEAN MEDICAL JOURNAL

ll



ERS ANNUAL CONGRESS

CONVENTION CENTRE DE GRAN VIA,
BARCELONA, SPAIN

- 7TH-11THSEPTEMBER 2013
W P ” S |

g
B
ga
2
o
[+4

g
20 o
5 o
oz =
Epl
DH( g
ﬂ-lt’
g
-

I a4l

Welcome to the European Medical Journal review of
the European Respiratory Society Annual Congress 2013

The launch of the second edition of the
‘European Lung White Book’ was a highlight
of the Congress. The publication has up-to-
date information regarding lung health across
Europe, including data on epidemiology,
prevention, clinical care, education, costs,
and research. The book can be used as a
full reference for healthcare professionals,
policymakers, patient advocates and the
media, with recommended changes on
the eradication of respiratory illness.
Its  corresponding  website, http:/www.
erswhitebook.org/, was also launched at the
ERS Congress, allowing open access to the
book and all crucial information within.

Organised in conjunction with FC Barcelona
and following the European Commission’s
‘Ex-Smokers are unstoppable’ campaign,
which raised awareness about lung health,
spirometry testing and smoking cessation,
attendees saw the ‘Quit Smoking with Barc¢a’
initiative awarded the 2013 European Lung
Foundation (ELF) award during the opening
ceremony. Targeted at the 25-34-year-old age
group, smokers attempting to kick the habit
make use of the iCoach tool, which provides
motivational assistance from Barca players,
coaches, and staff in their specialised field.
This campaign hopes to provide information
to the many football fans across Europe,
in hope of promoting and maintaining
smoking cessation.

This was not even the full extent of organisation
collaboration during the event, as ERS, along

with ELF, hosted an event for free lung testing.
Approximately, 1,500 individuals participated
in having their lungs tested in Barcelona’s
city centre, with set targets expected to be
surpassed at the next Congress in Munich 2014.

In keeping with the theme of outside events,
air pollution was a key subject examined
during the week. One of the sessions that
focused on the effects of outdoor and indoor
air pollution was presented by Professor Nino
Kuenzli, highlighting the importance of clean
air in respect to the healthy wellbeing of the
population. He mentioned that one of the
main causes of air pollution is due to traffic,
and people - particularly children - living near
to roads are susceptible to asthma. He also
mentioned that there should be policies in
place for the monitoring of air quality.

Even after a remarkably successful Congress,
the ERS Board holds even higher aspirations
for both the conference and the society as a
whole, with newly-elected President Professor
Barnes finalising his statement by speaking
on his future vision: “Over the next year we
have ambitious plans for the ERS and will be
exploring several new opportunities in our
strategic plan for the next 5 years. | will keep
you informed as these new initiatives are
developed and the ERS goes from strength
to strength.”

12 RESPIRATORY ¢ October 2013
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ERS relaunches White Book

‘THE EUROPEAN Lung White Book’
publication from the ERS, which sheds light
on the extent of lung conditions throughout
Europe, was relaunched ahead of the
2013 Congress.

Information regarding the burden, cost and
risk factor for a range of respiratory diseases
was compiled from the latest available
research and statistics, to produce an all-
inclusive publication to be used as a reference
for healthcare professionals, politicians, and
the public.

The four dominating respiratory diseases
are lung cancer, chronic  obstructive
pulmonary disease (COPD), lower respiratory
tract infections (including pneumonia),
and tuberculosis. It has been documented
that lung conditions are responsible for 1 in
10 deaths across Europe, particularly due to
lung cancer and COPD, which are predicted
to rise in the near future.

Among the wealthy countries in Central
and Western Europe, Belgium and Denmark
have the highest mortality from respiratory
diseases, with 117 deaths per 100,000
population, closely followed by Ireland
(114) and the UK (112). Though statistics
show the smoking rates in these countries
have fallen dramatically since the 1970s, the
long-term consequences may continue to
manifest in cases of lung cancer and COPD
today. In contrast, Finland has the lowest
death rate from respiratory conditions
(54 per 100,000); this can be attributed to
its highly-active programme which targets
respiratory illness.

Interms of economic burden, the total annu
al average and societal cost per case of lung

RESPIRATORY ¢ October 2013

“By 2030, the WHO estimates
that the four major potentially
fatal respiratory diseases
(pneumonia, tuberculosis,
lung cancer and CODP) will

account for about one in five
deaths worldwide.”

Professor Francesco Blasi,
Past President, European Respiratory Society

cancer is €364,213, while for tuberculosis it is
€86,217 (this includes multi-drug resistant and
extensively drug-resistantforms). The cost of
the more common respiratory issues, COPD
(€£6,147) and asthma (£7,443), represent an
even greater socioeconomic burden.

‘The European Lung White Book’ concludes
that the proportion of deaths are likely to
remain constant in the next two decades, with
variations in different diseases balancing out
the overall effect of mortality. The equilibrium
effect may occur, where a decrease in deaths
from lung infections will be accompanied by a
rise in lung cancer and COPD mortality.

Professor Francesco Blasi, Past President of
the ERS, said: “By 2030, the WHO estimates
that the four major potentially fatal respiratory
diseases (pneumonia, tuberculosis, lung cancer
and CODP) will account for about one in
five deaths worldwide, compared to one-sixth
of all deaths globally in 2008. However, trends
in conditions such as asthma are more difficult
to predict.”

EUROPEAN MEDICAL JOURNAL
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Smoking is considered the most
obvious preventable cause and

the root of most respiratory
diseases. In 2005, the World
Health Organization (WHO)
launched the Framework

Convention for Tobacco Control
(FCTC), a legally binding treaty
now signed by 168 countries,
in response to the globalisation
of the tobacco epidemic. A
minority of European counties
have not fully implemented this
legislation due to commercial,
fiscal, and other pressures.
Another contributing factor
to respiratory disease is poor
air quality, with standards
recommended by WHO not
being enforced by some countries.

Experts state that key
measures such as immunisation
programmes for those that
have vaccines, monitoring

of antibiotics and a Europe-
wide monitoring of resistance
patterns to antibiotics used
in treatment of tuberculosis,
pneumonia and other respiratory
infections, should be maintained
so that data are available to
address health concerns and
decrease the death rates
across Europe.

‘The European Lung White Book’
is available, both online and
in print, at http://www.
erswhitebook.org/.

RESPIRATORY ¢ October 2013
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FC Barcelona joins with
European Commission in

bid to boost smoking
cessation in Europe

ANNOUNCED at the opening ceremony of ERS Annual
Congress, Barcelona, the 2013 ELF (European Lung
Foundation) award was presented to the ‘Quit Smoking with
Barca’ programme.

The programme, launched in December 2012, follows on
from a previous campaign named ‘Ex-Smokers are
Unstoppable’ (www.exsmokers.eu), and features an
initiative which brings together a major public institution,
the European Commission (EC), and a world-famous
football club, FC Barcelona.

“What impressed us most about this
campaign was its uniqgue approach to
reach people who have previously not
been successful at quitting smoking,

or hadn’t even tried to quit.”

Monica Fletcher OBE,
Chalir, European Lung Foundation

‘Quit Smoking with Barca’ is the product of a joint
endeavour to help the 28 million smokers of Europe,
within the 25-34-year-old age group, to quit smoking
and kick the habit for good. Aiming to reach millions
of football fans, the programme makes use of a tool
dubbed iCoach. The new FCB iCoach features additional
motivation directly from Barca players, coaches and
staff, each from their own specific area of expertise:

health, physical activity, food, stress management,
relaxation, and others. Other initiatives,
including a cash savings calculator, email tips and

EUROPEAN MEDICAL JOURNAL



videos, are all designed to

motivational
support fans to reach their goal of becoming
an ex-smoker.

Monica Fletcher OBE, Chair of ELF,
commented: “What impressed us most about
this campaign was its unique approach to
reach people who have previously not been
successful at quitting smoking or hadn’t even
tried to quit. The campaign has helped these
people quit for good, making a significant
impact in our shared quest to highlight the
importance of good lung health.”

The programme starts with a questionnaire
to assess smoking behaviour. Knowing how
much, when, and where you smoke, makes it
possible to provide specific advice, adapted to
each personal situation.

“We are honoured to be here alongside FC
Barcelona to receive this award for the ‘Quit
Smoking with Barca’ campaign. | am pleased
that the positive impact we’ve made through
this partnership has been recognised by the
wider health community,” Paola Testori Coggi,
Director General for Health and Consumers
at the EC, said.

“70,000 Europeans have signed up to ‘Quit
Smoking with Barca’ and nearly 400,000
are trying to quit with the wider ‘Ex-Smokers
are Unstoppable’ campaign’s smoking
cessation tool, iCoach. We hope to continue to
inspire even more people to reap the benefits of
a smoke-free life.”

iCoach incorporates techniques from cognitive
behaviour therapy and aims to increase smokers
knowledge, motivation and self-efficacy
gradually over time, to change users’ behaviour
for the better. It is low-threshold, non-lecturing,
and above all, interesting, using interactive
elements such as diaries, regular feedback
reports, graphic overviews, trigger emails, and

RESPIRATORY « October 2013

“We hope to continue to inspire
even more people to reap the
benefits of a smoke-free life.”

Paola Testori Coggi,
Director General, European Commission

so on. Most importantly, iCoach uses a positive
approach, emphasising the gains associated with
smoking cessation.

The app provides support at every stage of
smoking cessation, and even aids ex-smokers in
maintaining abstinence by still enabling access to
any of the programme’s features and restarting
the motivational email tips at any time.

Dr Jordi Monés, Head of FC Barcelona’s medical
area, commented: “We are delighted to have
been able to collaborate with the European
Commission on such an important public health
issue. We are proud to stand alongside the EC,
especially here in our city of Barcelona, to collect
this ELF award.”

Barca became the first football club in Spain
to introduce a smoke-free stadium policy at
their home ground, under the banner “Camp
Nou Sense Fum” (A smoke-free Camp Nou). “It
shows that thankfully our message is being
noticed and that our combined efforts are
making a positive difference,” Dr Monés added.

“At Barca we firmly believe in our motto, ‘more
than a club’, and we promote values of respect,
health and social commitment. The “Quit
smoking with Barca” programme allows us to
live that motto.”

Visit www.quitsmokingwithBarca.eu for more
information on the award-winning programme.

EUROPEAN MEDICAL JOURNAL 15
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Military weapon fire endangers soldiers’ lungs

7%, at 1-2 hours and 24 hours after
“These lung function changes are shooting, respectively.
comparable to the effects caused

. . Oslo University Hospital’'s Dr Anne-Katrine
by other occupational risk factors, Y P

Boraonder, the lead author of the study,

such as organic dust in farming said: “The findings from our small sample show
and cotton workers.” that fumes from military arms are causing
a decline in lung function shortly after

Dr Anne-Katrine Boraonder, firing practice.

Oslo University Hospital, Norway

“These lung function changes are comparable
to the effects caused by other occupational
risk factors, such as organic dust in farming
SOLDIERS are risking their lung health and cotton workers. Although we noticed
through long-term exposure to firing military this decline for all types of ammunition,
weapons, according to research presented further research can now be undertaken
at the ERS Annual Congress on Saturday to look at specific exposure components
9th September. to help design better ammunition, and to
continue implementation of other measures for
A total of 55 non-smoking men from the avoiding these effects.”
Norwegian Armed Forces were tested by
researchers from Oslo University Hospital
and the Norwegian Defence Research
Establishment. Any exposure to fumes
from three different types of assault rifle
ammunition, one leaded, and two lead-free,
was examined.

The study investigated the effects of various
weapons, and which components in the
emissions were causing health issues, after
Norwegian armed forces personnel begun
to report ill health effects following live
firing sessions over the past 5 years.

Though the type of ammunition used was
shown to have no difference in effect, all groups
experienced a decline in their lung function.
A spirometry test - which measures FEV,, _ <o
the maximal amount of air forcefully exhaled : '
in a second - revealed the mean average
of lung function was reduced by 5% and

16 RESPIRATORY ¢ October 2013 EUROPEAN MEDICAL JOURNAL
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New electronic tool helping
to reduce pneumonia deaths

AN ELECTRONIC decision support tool, which
helps to reduce deaths from pneumonia, was
presented at the ERS Annual Congress on
Wednesday 11™ September. Based on initial
lead to
improvements in pneumonia care and better

findings, this new prospect could

outcomes for patients.

“We are encouraged by the impact
that our tool has had on death rates,
and feel that it is most likely due to
more accurate severity assessment

and antibiotic decisions being made
in accordance with the guidelines.”

Dr Barbara Jones,
University of Utah, USA

In emergency settings, the full implementation
of pneumonia guidelines can be difficult.
In light of this, researchers have developed
an electronic tool linked to patients’ medical
records, which automatically extracts data

that predict the severity of pneumonia. The

tool also provides information regarding
where the patient should be admitted and
recommendations of diagnostic tests and
appropriate antibiotics.

The effectiveness of the tool was tested
on two groups of pneumonia patients in
seven emergency departments, by researchers
from Intermountain Healthcare and the
University of Utah, USA. The first group

RESPIRATORY ¢ October 2013

of 2,308 patients was analysed before the
electronic tool was used, and the second
group of 2,450 patients was assessed when
four of the seven emergency departments used
the tool.

Hospital admission rates, length of hospital
stay, deaths, secondary hospital stay,
secondary hospitalisation rates, and the
adherence to guidelines, were all noted in
both groups.

There was a significant reduction in death
rates in the emergency departments where
the tool was used. Inpatient mortality fell
from 5.3% to 3.5% and, after adjusting severity,
there was a 25% reduction in risk of death.

Dr Barbara Jones, the leading author of
the study, said: “We are encouraged by
the impact that our tool has had on death
rates, and feel that it is most likely due
to more accurate severity assessment
and antibiotic decisions being made in
accordance with the guidelines. While we
are encouraged by the results, we plan to
collect more data to explore how the tool is
making this impact.”

Dr Nathan Dean, a senior author of the study,
said: “Although doctors are free to choose at
any time whether to follow the
recommendations, we think that a tool that
is individualised and integrated into the
electronic health record is a more efficient
way of supporting decision-making and
making treatment guidelines quickly
accessible during an emergency situation.”

EUROPEAN MEDICAL JOURNAL 17
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Increasing adherence to TB
medication through virtual monitoring

MOBILE phone video technology has been
proposed to improve patients’ adherence
to their prescribed TB medication and was
presented at the ERS Annual Congress on
Sunday 8% September.

This new approach is an alternate version
to the directly observed treatment (DOT)
recommended by the WHO, an older method
deemed time-consuming for the patient and
resource-intensive for outreach projects.

The virtually observed treatment (VOT),
requires patients to submit a short video of
themselves taking their medication to their
healthcare provider using a mobile phone.
This is usually done after the initial visit to the
clinic and continued remotely until a follow-
up appointment.

This method was given a trial run at the Royal
Free London NHS Foundation Trust to test its
effectiveness. There were nine participants
who started the programme, two of whom
did not submit any video clips and reverted
back to the clinical-based approach. Six of
the seven remaining patients fully complied
with the treatment and sent in their video clips
for a minimum of 95% of all treatments.

There was an observed 86% of scheduled doses
with compliance to the treatment. Due to this
finding, it was concluded that this is a practical
method for monitoring TB treatment.

Lead author, Dr Sara Hemming, said: “These
preliminary findings suggest that telemedicine
can help us overcome the difficulties we’ve
seen in directly monitoring patients taking

18 RESPIRATORY ¢ October 2013

their medicine. Some people are unable or
unwilling to visit clinics for a variety of reasons,
but by enabling healthcare professionals to
virtually monitor patients, we can still ensure
effective medication use without the need for a
one-to-one session.

“This has the potential to not only reach people
who are otherwise unengaged, but also reduce
costs and resources. A larger trial comparing
the two techniques is needed to ensure the
safety and reliability of this technique, and
also determine who benefits most from
this approach.”

Past President of ERS, Professor Francesco
Blasi, said: “The European Lung White Book,
which is launched this week, calls on countries
with high rates of TB, to set up strategies to
manage the large numbers of people with
drug-susceptible and multidrug-resistant-TB
(MDR-TB).

“This study shows one way that could improve
the effectiveness of treatments for people who
are particularly hard-to-reach. The outcomes of
this pilot study are positive and | look forward
to seeing the results of a larger trial.”

“This has the potential to not only
reach people who are otherwise
unengaged, but also reduce

costs and resources.”

Dr Sara Hemming,
Royal Free London NHS Foundation Trust

EUROPEAN MEDICAL JOURNAL
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Kicking the habit:
e-cigarettes versus

nicotine

THE COMPARISON of
e-cigarettes  with nicotine
patches was carried out in
a pioneering trial and was
presented at ERS 2013.
Both nicotine replacement
therapy methods resulted in
similar degrees of success in
terms of smoking cessation
for a period of 6 months
after the 13-week course of
the study.

This trial was led by Associate
Professor Chris Bullen,
Director of the National
Institute for Health Innovation
at the University of Auckland
New Zealand; his team of

researchers enlisted 657
smokers looking to quit
smoking. The volunteers

received a 13-week supply

of the test material, which
is commercially available.
They were divided into
three groups: 292 received
e-cigarettes (containing
16 mg of nicotine), 292
received nicotine patches,

and the remaining 73 received
placebo e-cigarettes that
contained no nicotine.

patches

Professor Bullen said: “Our
study establishes a critical
benchmark for e-cigarette
performance compared to
nicotine patches and placebo
e-cigarettes, but there is still
so much that is unknown

about the effectiveness
and long-term effects of
e-cigarettes. Given the

increasing popularity of these
devices in many countries,
and the accompanying
regulatory uncertainty and
inconsistency, larger, longer-
term trials are urgently
needed to establish whether
these devices might be able
to fulfil their potential as
effective and popular smoking
cessation aids.”

After the 13-week duration

and a further 3-month
follow-up, the participants
underwent testing to

determine if they were able
to abstain from cigarettes.
Participants in the e-cigarettes
group had the highest

rate of success in terms of
completely quitting smoking,
compared with

with  7.3%

“Our position is
clear: we need more
research on the positive
or negative effects of

these products.”

Professor Franceso Blasi,
Past President,
European Respiratory Society

5.8% of those in the nicotine
group and 4.1% in the
placebo group.

Interestingly, approximately
90% of participants in both of
the e-cigarette groups would
be inclined to recommend their
product to family and friends,
while in the patches group,
just over half (56%) would
do so.

“Our position is clear: we need
more research on the positive
or negative effects of these
products,” Past President of
the ERS, Professor Franceso
Blasi, said.

“This study has taken us one
step closer to understanding
the effectiveness of these
devices as a quitting aid,
but we still need long-term
independent clinical trials and
behavioural studies.”

EUROPEAN MEDICAL JOURNAL 19
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Road pollution

LIVING closer to busy roads can mean a
higher risk of death for people suffering from
bronchiectasis, according to data presented
at ERS on the 8" September.

The study observed the association between
the number of deaths in a group of 189
people with non-cystic fibrosis, between June
2006 and October 2012, and their residential
distance to a main road. Bronchiectasis,
often caused by cystic fibrosis (CF), is a
condition where the lungs’ airways become
abnormally widened, resulting in a build-up of
excess mucus.

Results found a hazard ratio of 0.36 for
every ten-fold increase in the distance to a
major road, the conclusions adding to the
growing body of evidence demonstrating
the potentially damaging effects of road-
side pollution.

kills

Lead author, Dr Pieter Goeminne, said: “Our
results are the first to link air pollution with the
risk of death in people with bronchiectasis and
adds to a number of other studies showing the
dangers of living close to a busy road.

“The findings of this study should encourage
policymakers to make air quality a key focus of
transport policies and consider the proximity of
main roads to residential areas.”

Then-ERS President, Professor Francesco Blasi,
said: “This study has added crucial evidence to
our understanding of how living close to a busy
road can affect people with poor lung health.

“The European Lung White Book provides
several key recommendations to  help
policymakers address this issue, and | would
call on EU member states to make air quality
an integral part of their transport policies.”

EFA: Outrage at exorbitant
oxygen prices for passengers

THE EUROPEAN Federation of Allergy and
Airways Diseases Patients Associations (EFA)
hit out at certain airlines charging exorbitant
prices for oxygen therapy to people with severe
respiratory diseases at the ERS Congress on
Monday 9t September.

The EFA believes that these practices are
discriminatory and so have collaborated with
the European Lung Foundation (ELF) in the

20 RESPIRATORY ¢ October 2013

production of a new booklet. ‘Enabling Air
Travel with Oxygen in Europe’ aims to provide
information to patients, their carers, the general
public and air crew.

EFA President Breda Flood said: “As EFA
President, it is my pleasure to present this
booklet as a cornerstone for a movement to
call out the discriminatory policies employed
by certain airlines and call upon policymakers

EUROPEAN MEDICAL JOURNAL



to improve the situation for patients
with chronic respiratory diseases.”
These rules and regulations can vary between
airlines, making it very confusing and costly
to certain travellers. Airlines such as British
Airways and TAROM have provided oxygen
completely free of charge to their customers,
while others continue to charge flat fees for
both European and long-haul flights, potentially
resulting in an increase in airfares of up to
seven-times the normal amount.

Both the EFA and ELF state within the booklet
that patients with respiratory illness and a
dependence for oxygen during travel should
have it available at all times and free of
charge, either in the form of airlines’ oxygen
containers, or their own portable oxygen

concentrators (POCs), checked and approved
by the European Aviation Safety Agency.

Citing wheelchair accessibility on airlines as
an example, the EFA Dbelieves that the
introduction of oxygen therapy policies is
possible across Europe, if backed by a European
Commission mandate.

Monica Fletcher OBE, Chair of ELF said:
“We believe it is completely unacceptable
to discriminate against patients with lung
diseases. The ELF Air Travel database,
providing oxygen policies for major airlines,
can help people select the most economical
options, however our goal would be for
clearer guidelines and for oxygen to be free
and available on all airlines.”

Innovative music video created to aid clinicians

A MUSIC video created to help doctors become
more aware and remember guidelines used
to treat asthmatic patients has been created.
Dr Tapas Mukherjee from Glenfield Hospital
in the UK, found there was a lack of
knowledge in acute severe asthma
management. Study results revealed that only
45% of healthcare professionals had used the
hospital guidelines, while 62% of doctors were
unaware of them.

It was this gap in knowledge which inspired
Dr Mukherjee to create a music video,
transforming the guidelines into memorable

lyrics and posting the video on social
media websites.
“As doctors are often working in busy

environments, we have to think of creative
ways of reaching them with important clinical
information,” said Dr Mukherjee.

RESPIRATORY ¢ October 2013

The music video had a formidable impact,
as the follow-up study revealed that 100% of
healthcare professionals involved were now
aware of the guidelines.

These results did not only improve all aspects
of asthma management and knowledge,
showing significant results for chest radiograph
indication and target oxygen saturation, but it
also displayed the power of music and social
media websites.

Dr Mukherjee suggested: “The method could
be adapted to different scenarios and the
possibilities are not limited by resources of
money, but only by imagination.”

Dr Mukherjee’s achievements were recognised
as he won both the British Thoracic Society
Innovation in Education Award 2012, and the
NHS Expo/Network Casebook Il Innovation
Award 2013.

EUROPEAN MEDICAL JOURNAL
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Global trial TIOSPIR™ is breath of fresh air

A LANDMARK trial reinforced the importance,
safety, and efficacy of the two available
SPIRIVA® formulations, it was revealed at ERS
2013 on Tuesday 10t September.

Including over 17,000 patients, TIOSPIR™ was
one of the largest global chronic obstructive
pulmonary disease (COPD) trials, designed
to test both the unigue Respimat® Soft Mist
Inhaler and the dry powder inhaler
HandiHaler® delivery devices.

“The critical message from this
large-scale TIOSPIR™ trial is that
physicians can be confident that they
can prescribe this proven maintenance

therapy across the severity spectrum
of COPD patients.”

Prof Antonio Anzueto,
University of Texas, USA

Published in the New England Journal of
Medicine, the 3-year trial demonstrated that

both formulations had a significant impact on
patients’ lives.

Professor Antonio Anzueto, Professor of
Medicine at the University of Texas Health
Science Center, USA, said: “Importantly,
this large and rigorous clinical trial provides
evidence that tritropium is safe in a broad
population of COPD patients, including those
with a history of cardiac disease.

“The critical message from this large-scale
TIOSPIR™ trial is that physicians can be
confident that they can prescribe this proven
maintenance therapy across the severity
spectrum of COPD patients.”

Participants were recruited and randomised
between May 2010 and April 2011, in more
than 1,200 investigator sites in 50 countries.
Results showed that the median time to
COPD exacerbation was over 2 years for
both formulations. Respimat®, distributing
25 uwug in two puffs once daily, and
HandiHaler® distributing 1.8 ug, were found
to be fully-effective at 756 days and 719
days respectively.

New possibilities for sleep apnoea and melanoma

THE SEVERITY of sleep apnoea can indicate
how aggressive malignant skin melanoma will
be, research presented at ERS 2013 has shown.

While previous studies have been conducted
in mice to demonstrate the response of
reduced oxygen levels in the blood on
tumour growth, this is the first trial which
has studied the effects on humans, which
has linked skin melanoma specifically with
sleep apnoea.

22 RESPIRATORY ¢ October 2013

The research, carried out by Dr Francisco
Campos-Rodriguez, of the Hospital de Valme,
Spain, discovered that of the 56 patients
that were studied, 14.3% had severe sleep
apnoea. Melanoma in these patients was more
aggressive, compared to the 60.7% of patients
in which sleep apnoea was not as severe.

Moreover, the severity of sleep apnoea was
linked with both tumour growth rate, and the
depth of invasion.

EUROPEAN MEDICAL JOURNAL



Lead author Dr Francisco Campos-Rodriguez,
from the Hospital Universitario de Valme in
Seville, Spain, has emphasised that although
this is a small trial, it is the first one which
has been conducted in humans. Also, if these
results are mirrored in his larger trial, involving
450 patients, the clinical implications for
treating sleep apnoea could be very important,
potentially paving the way for new possibilities
for treating patients with both conditions.

Antibiotics

prescribing

method can reduce patient harm

ANEW way of prescribing antibiotics has proven
to reduce patient harm and will also combat
the rise in antibiotic resistance, according to
data shown at ERS 2013.

The results from the study indicated that there
was a 20% reduction in antibiotic use, as well
as a 40% reduction in antibiotic-related side-
effects. Dr Matthew Lloyd, the lead author
from the University of Dundee, UK, said: “The
threat from growing resistance to antibiotics
is increasing, which is in part attributable to
inappropriately lengthy courses of antibiotics.
Our study aimed to implement a simple system
for preventing patients taking antibiotics for
longer than they should.”

Throughout the 12-month trial, 500 patients
with lower respiratory tract infections were
observed. The researchers monitored the side-
effects of the antibiotics, including symptomes,
length of hospital stay, and death rates.

The new prescription strategy ensured there

were automatic stop dates, and pharmacists
ensured that these stop dates were clearly

RESPIRATORY ¢ October 2013

visible for patients. There were also time limits
on prescriptions, which depended on the
severity of the infection.

Dr Lloyd found the results promising, saying:
“Through prescribing automatic stop dates and
working with our multidisciplinary colleagues,
we can help prevent this problem and reduce
patient harm.”

These new protocols could prove to be highly
valuable in reducing both patient harm, and
also combatting antibiotic resistance.

“The threat from growing
resistance to antibiotics is
increasing, which is in part

attributable to inappropriately
lengthy courses of antibiotics.”

Dr Matthew Lloyd,
University of Dundee, UK

EUROPEAN MEDICAL JOURNAL 23
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Project kick-started to
categorise asthma subgroups

AN EU-FUNDED project,
U-BIOPRED (Unbiased
BIOmarkers in PREDiction
of respiratory disease

outcomes), hopes to kick-start
the process of categorising
asthma disease and allow
researchers to develop
specialised treatment  for
each subtype.

Initial  research, presented
at ERS, has found common
characteristics among children
and adults with severe asthma.
55%ofadultsthatareprescribed
oral  corticosteroids  show
greater airway obstruction
than mild/moderate cohort.
Also, despite taking high
doses of corticosteroids,
severe asthma sufferers still
experience exacerbations and
other unpleasant symptoms.
In children, the level of airway
obstruction in severe and
mild/moderate asthma was
similar. The severe asthma
group had higher fraction
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exhaled nitric oxide (FeNO)
levels, which is wused to
diagnosed asthma.

This is the first analysis of a
wide range of patients from
intensive research projects
that will collect over 3 million
samples from 300 children
and 700 adults with severe
and non-severe asthma, and
without asthma.

Professor Peter Sterk, the
project leader for U-BIOPRED,
said: “In order for us to help
improve the lives of these
people, we need to make
a full biological and clinical
‘fingerprint’ of each patient,
by embarking on a huge
analysis of data including
a wide-range of samples
from CT scans, to sputum
samples, analysis of a
person’s genetics and results
from bronchoscopies.
The U-BIOPRED project is
doing that.”

In the UK, 5.4 million people
are currently receiving
treatment for asthma. Asthma
in adults is more common in
women than men, and it is
becoming increasingly known
that there are different types
of the condition. It is not
understood why some people
suffer a more severe form of
the disease, hence need for
categorisation of subtypes.

“We would like to understand
why people with more severe
asthma are less responsive
to the effects of
corticosteroids,” Dr David
Gibeon, lead author of this
study from Imperial College,
London, said.

“This initial analysis will provide
an overview of the groups
which exist within asthma,
which will help us develop a
more personalised approach
to treating the individual
patient with asthma.”
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Cancer breathalyser: Diagnhosing
lung cancer via patients’ breath

A COLLECTION of exhaled breath from
people that are deemed at high risk of lung
cancer can be used to diagnose the disease,
according to initial findings presented
at ERS 2013.

The current tests used to diagnose Ilung
cancer are blood and urine tests, followed
by CT scans and chest radiographs. This
new method merely involves analysing the
breath of the patient to quickly assess
their symptomes.

The new research is based on the fact that
animals are capable of detecting diseases
through  breath tests, with scientists
harnessing this concept by attempting to
replicate an “electronic nose” technology.
This works by detecting different profiles of
volatile organic compounds (VOCs) in breath
samples. Scientists have not clearly identified
the key VOCs which linked to different
diseases, but this study suggests that it is
possible to differentiate lung cancer from
different lung conditions and healthy people.

Researchers from the University of Latvia
collected exhaled breath samples from 252
lung cancer patients, 223 patients with different

RESPIRATORY ¢ October 2013

lung diseases or healthy volunteers, 265 non-
smokers, and 210 smokers.

The electronic nose correctly identified 128
non-smokers as having lung cancer, and
misdiagnosed 5 people who did not. There
were 114 people in the smokers group who
were correctly identified as having lung cancer,
with 5 being misdiagnosed.

Lead author, Dr Maris Bukovskis, from the
University of Latvia, said: “We have shown
that it is possible to use breath tests to
correctly identify lung cancer with a high
rate. The results of our study take us one
step further to understanding this important
new technology.

“The major problem with electronic nose
technology is that it is individual, and each
piece of equipment must be trained to
distinguish between odours. This causes
a problem of standardising the practice
between different centres. The next step will
be to test the practice between different
centres to help us think about how we can
ensure consistency between all the results.”

EUROPEAN MEDICAL JOURNAL
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Revolution in testing for TB

NEW tests which could diagnose drug and the microscopic observation drug

resistance in tuberculosis earlier have been
developed by US researchers, according to
data revealed at ERS. In the past, traditional
methods of drug-susceptibility took between
21 days and 3 months. These new tests only
take 15 days.

Professor Antonino Catanzaro, from the
University of California, USA, said: “Our
findings suggest these three tests could
provide a quicker way to identify patients
who need alternative treatment regimes.
This is very important and could potentially
save lives as well as help to curb the rise of
drug-resistant TB.”

The researchers trialed these three new
tests: pyrosequencing, a DNA-sequencing
technique, the HAIN line probe test, which
detects genetic mutations in the bacteria,

susceptibility (MODS) test, in over 1,000
patients in India, Moldova, and South Africa,
and compared them to standard drug
susceptibility tests.

The findings showed a 95-98% accuracy rate,
and can be used as an alternative to standard
testing, increasing the possibilities open
to clinicians. Furthermore, the efficiency of
these tests will provide a quicker cure time
and will prevent the development of even more
drug-resistant TB.

Professor Catanzaro pointed out however,
that although the tests have advantages and
disadvantages, a range of options are crucial
to ensure that all TB treatment programmes
worldwide have access to a method which
is tailored to them, one which takes into
consideration financial restrictions.

Argan powder linked with occupational asthma

THE FIRST evidence of respiratory issues
associated with the use of argan powder in the
production of cosmetics has been presented
at ERS.

Nine workers from a cosmetic factory in
France, who were exposed to the product in
its three forms - crude granules, powder,
and liquid - were participants in the study.
Each individual completed a medical history
guestionnaire and underwent lung function
tests, allergy tests, and an inhalation challenge
test. The latter test examined the airways’
specific reaction to argan.

The results show that four out of the nine
participants had asthma or rhinitis symptoms
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and blocked nose when handling argan
powder, three of whom had occupational
asthma caused by argan powder evidenced by
specific challenge tests. Out of the proportion
of participants, two had a positive test for skin
prick-test to argan powder.

Dr Emmanuelle Penen, lead author of the
study, said: “Occupational asthma can be a
debilitating condition if it prevents a person
from working. This study is very preliminary
but does suggest an association between
argan powder and occupational asthma.
Our initial findings warrant further research
to understand any health risks associated with
the compound.”

EUROPEAN MEDICAL JOURNAL



Obstructive lung disease patients
experience cognitive functioning decline

NEW information was released indicating the
link between obstructive lung diseases (OLDs)
and weakened cognitive functioning at ERS
2013 on Monday 9t September.

This research suggests that those with OLD,
including chronic obstructive pulmonary
disease (COPD), regularly experience a decline
in cognitive functioning. This new study
however, determines which particular cognitive
functions are impaired.

Dr Fiona Cleutjens worked with the Netherlands’
Center of Expertise in Chronic Organ Failure
(CIRO), and concentrated on people with OLD,
investigating which domain-specific cognitive
functions were influenced. Researchers used
the UK Biobank Resource, a reserve of over
500,000 Scottish, English and Welsh people
aged between 40 and 70, focusing on genetics,
environmental exposures, and lifestyle.

43,039 people were involved in this research;
of this, 5,764 had OLD. They were required to
engage in various cognitive tests to examine
cognitive functioning. The 13.4% with the
condition had poorer test results compared to
those without the disease, with the exception
of the fluid intelligence test.

RESPIRATORY ¢ October 2013

The results of the prospective memory test
indicated that those without OLD performed
better, including pairs-matching tests and a
reaction time test.

Researchers have thus concluded that people
with OLD are highly prone to experiencing
cognitive impairment, most notably memory
and information processing. Dr Cleutjens
stated: “We know that OLD can often exist
alongside other conditions and our new
study has found evidence that OLD is linked
with problems with memory and information
processing. This can be very debilitating,
especially for someone who is already dealing
with the symptoms of OLD.

“Our findings suggest that healthcare
professionals need to be aware of the possible
impact of cognitive impairment in the self-
management, clinical management and
pulmonary rehabilitation of OLD patients.”

The researchers could not determine the
causality of this association, although Dr
Cleutjens suggested hypoxic injury to the brain
as a possible mechanism.
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Annual COPD

award announced

AN ERS-FUNDED annual award for research in
chronic obstructive pulmonary disease (COPD)
was officially opened to applicants at the ERS
Congress in Barcelona.

The ‘ERS COPD Research Award’, supported by
Boehringer Ingelheim, is offered as an achievement
award to young researchers who have made an
outstanding scientific or research contribution to
any sector of COPD.

The award will be presented at the 2014 ERS Annual
Congress in Munich, and the winning candidate
will be requested to make a short presentation of
the outcome of their project within 1 to 2 years.

This year’s award went to Dr Martijn A. Spruit,
from Horn, the Netherlands, for his research on the
effects of pulmonary rehabilitation in individuals
with such complex chronic lung diseases as COPD.

Although one award is granted annually for
€50,000, in 2014 the award will be split by the ERS
Scientific Committee into two. In addition to the
main awards, a travel grant of €1,000 will be given
to each of the 15 best abstracts on COPD.

Available only for members of ERS aged under
45, the online application form is available at
www.ersnet.org/funding, with the deadline set at
February 28, 2014.
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INTRODUCTION

The aim of this symposium is to discuss the impact of poor treatment and poor inhaler technique on asthma
outcomes. In addition, the symposium will explore the aetiology of asthma and the mechanistic role of IL-5

in severe asthma.

Developing the ‘Ideal Inhaler’

J. Christian Virchow

Generally in asthma management the hypothesis
is that poor device techniques in asthma patients
affect outcome; it is assumed that if the patient
does not or cannot inhale correctly there will be
no change in outcome (the outcome would not
be worse, but there would be no effect because
no inhalation has taken place). Secondly, it is
predicted that the poorer the inhaler technique
the poorer the outcome for the patient will be.
Thirdly, it is likely that improvements in
technique or device will improve compliance and
possibly outcome.

The reasons for poor asthma control are:
underestimation of disease severity by both the
patient and the physician; delay in diagnosis or
possibly the wrong diagnosis; under treatment
including a delay in inhaled corticosteroid (ICS)
therapy; poor compliance; incorrect inhaler
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choice; incorrect inhaler technique and insufficient
instructions to the patient. In addition, guidelines
are not always implemented correctly, all of these
reasons contribute to poor asthma control.

It is often thought that patients referred for
uncontrolled asthma should receive more therapy
however, this is not always accurate. Bush et al.?
stated in a recent editorial that “..at least half of
those referred to specialists with so-called therapy
resistant asthma, in fact need to get the basics right
rather than indulge in expensive biologicals’.

It is difficult to adequately define what constitutes
errors that occur with inhalation devices. Therefore,
it is important to establish a hierarchy of errors:
important errors and less important errors.
Important errors are probably those where no drug
is delivered at all and less important errors are
when a partial amount of the drug released is
actually inhaled.

Many studies that have looked at the efficacy of
inhalation technique contain a patient population
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that are ‘inhalation experts’ due to patients who
were unable to inhale being excluded.
Consequently, the efficacy of inhalation therapy
shown in controlled clinical studies has always
been evaluated in patients who can inhale.
However, in clinical practice many patients fail to
inhale correctly.

The requirements of a device for optimal inhalation
are that it tolerates errors and does not allow any
crucial errors to occur that result in failure of the
drug being delivered and consequently treatment
failure. The choice of inhalation device is complex
and the guidelines do not advise on the choice of
device. It is considered that the correct choice
of inhalation device is the cornerstone in the
effective  management of asthma and chronic
obstructive pulmonary disease (COPD). The reality
is that inhalation devices are often chosen on an
empirical basis, e.g. some like red more than pink,
others like powder more than pressurised metered-
dose inhalers (pMDI). Device selectionis rarely based
on evidence based awareness, and a considerable
number of physicians caring for asthmatics have
poor knowledge on the appropriate selection and
use of inhaler devices.®*
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Figure 1. Percentage of 3,811 patients with at least
one device-dependent error.

*p<0.05 versus best results adjusted by age
and gender.

Blaiss MS.®

Poor inhaler technique is highly prevalent as
shown in a study by Giraud et al.> The study of
3,955 patients classified patients into good users
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(29%) and misusers with at least one error or
omission (71%). In addition, patients were sub
classified into misusers with poor coordination
who were unable to coordinate inhalation and
actuation of the device (39%) and misusers with
good coordination but made an error with the
inhalation (32%). In a study of 3,811 patients a
significant number of patients with poor inhaler
technique had at least one device-dependent
error (p<0.05 versus best results adjusted by age
and gender).b The results showed a considerable
difference between the types of device being
used (Figure 1). pMDI were shown to be the most
problematic inhalation device concerning device
dependent errors.

Understanding and teaching inhaler technique is
very important. A study from the United States’
evaluated 56 medical interns (who were at the

height of their theoretical medical knowledge)
and assessed the process of correct pMDI
administration this was:

1. Remove cap

2 Shake inhaler

3 Hold inhaler upright

4. Tilt head back or keep at level

5 Exhale to functional residual capacity

or residual volume

6. Insert or keep mouthpiece 2-4 cm away
from mouth

7. Begin breathing then actuate canister once

8. Continue slow, deep inspiration

9. Hold breath for 5-10 seconds

10. Exhale, wait 20-30 seconds before
second dose

1. Shake again before a second actuation

56% of the group had not received any training
with the devices; on the first attempt 5% of the
group got the process of administration correct.
After a large group lecture only 13% achieved
the correct process of administration. It required
one-on-one training to achieve the correct
process of administration in 73% of the group.
This is an important consideration when
educating patients in the correct use of inhalers.
When each specific step in the process was
analysed, only 82% of the group removed the cap,
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after one-on-one instruction this increased to
100%. In the most important part of the inhalation
process in terms of lung deposition (begin
breathing then actuate canister once), less than
40% of the group were correct, after group
training there was a negligible increase in using
the correct technique. It was only after one-on-one
instruction that the number that used the correct
technique increased to 79%. This study shows
that correct pMDI administration was a challenge
to healthy medical interns and should be
considered in light of patients who have severe
breathing difficulties.

Problems with the correct administration of pMDls
are extremely prevalent and teaching inhaler
techniques has variable results, for example, in
a study of 1,200 patients 86% used incorrect
inhaler technique.® Following instruction and
using a device that monitors correct inhalation
76% of patients used incorrect inhaler technique
however, on the third attempt this reduced to

61% of the patients wusing the incorrect
inhaler technique.
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Figure 2. Critical errors with four DPIs, after reading
the instructions and after personal instruction.
Schulte M, et al.®

Dry powder inhalers (DPIs) show different results;
Schulte et al® evaluated the use of DPIs after
reading the instructions and after a personal
instruction (Figure 2). The results showed that 72%
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of patients using inhaler ‘D’ made critical errors
after reading the instructions, following personal
instruction this reduced to 47%. Using inhaler ‘B’
50% of patients made critical errors after reading

the instructions and this number increased to
53% after personal instruction, indicating that
personal instruction was detrimental to correct

inhaler technique in this instance.

A study in the United States evaluated five
visits (at O, 1, 2, 3 and 6 months) to the
pharmacist!® 97 patients received an average
of 2.5 minutes of individual coaching on inhaler
technique per visit. At entry 7% wused the
Turbuhaler correctly and 13% used the Diskus
correctly. After 3 months this significantly
improved to 85% and 96% respectively, however
at the 6 month evaluation correct inhaler use
reduced to 50% in the Turbuhaler group and
79% in the Diskus group, indicating that between
the 3 and 6 month visits a large proportion had
forgotten what they had been taught by the
pharmacist. Even though there was a reduction
in correct inhaler use at six months, the results
showed that there was improvement in peak
expiratory flow (PEF) and asthma quality of life
(AQolL) at both 3 and 6 months.

[t has been shown that switching inhalers is
problematic and having more than one inhaler
type can be confusing for the patient. There is an
increased level of misuse if patients have different
types of inhaler or their inhalers are switched.”
In addition, patients can get confused over
the appropriate inhaler technique for different
devices.” Van der Palen et al’® compared the use
of Diskhaler, Rotahaler and Turbuhaler and found
that when used in combination with each other
the percentage of patients who use the correct
technique is low. For example, when using the
Diskhaler and Turbuhaler only 35% of patients
used the correct technique and attained 100%
scores when using the two devices. The number of
patients using the correct technique was even
less with a DPI and pMDI (<35%). In practice many
patients are on DPIl fixed dose combinations
because there is a lack of availability of short-acting
beta2-agonists in the same device.

The consequence of switching inhalers was
illustrated in a retrospective matched cohort
study” The study used the UK General Practice

Research Database to identify patients who
changed inhaler without consultation with
their General Practitioner. The results showed
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successful treatment in 19.7% of patients in the
switched cohort compared with 34.3% in patients
maintaining treatment with the same inhaler.
Unsuccessful treatment was 50.7% and 37.9%
respectively, indicating that if consultation had
been sought it would possibly have reduced
the number of patients who experienced
unsuccessful treatment.

Improving inhalation technique can improve
asthma control. In a study that evaluated patients
with their own pMDI and inhalation technique
compared with the use of a breath-actuated

pressured  inhaler the  measurement  of
bronchodilation showed that if the patients used
a breath-actuated pressured inhaler or were

instructed on the use of their own pMDI, the
effect was much better compared with the
patient’s own pMDI inhalation technique. This
indicates that improved inhaler technique leads
to improved pulmonary deposition and therefore
improved asthma control. In addition, improved
inhalation technique affects patient outcome,
this was shown in a study of outpatient
management by a paediatrician or asthma nurse
in children with severe asthma.® The results
showed an improvement of correct inhalation
technique from 65% to 95% and this resulted in a
lower corticosteroid dose and improved asthma
control. Improving inhaler technique was the main
factor in showing that it was possible to have
improved asthma control with less corticosteroid.

Inhaler misuse is associated with decreased
asthma stability. Giraud et al.> assessed whether
the improper use of pMDIs was associated with
decreased asthma control. The study of 3,709
patients were given an asthma instability score
(AIS), a score of O indicated stable asthma and
a score of 9 indicated totally unstable asthma.
The results showed that asthma was less stable
in pMDI misusers than in good users (AIS: 3.93
versus 2.86), and among misusers asthma was less
stable in poor coordinators (AIS: 4.38 versus 3.56
in good coordinators). These results indicate that
misuse of pMDls, which is more frequent in poor
coordinators, is associated with poor asthma control.

Medical visits for an exacerbated asthma condition
or emergency visits have been shown to be
more frequent in misusers with poor coordination,
than in misusers with good coordination or in
good users (p<0.00001).°> Even if the device is
used incorrectly but with good coordination,
asthma stability is better than when the device
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Asthma severity

Medication pattern
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.Symptom-directed
. Low-dosing
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Asthma severity

Figure 3. Non-adherence can be effective in
milder asthma.

Greaves CJ, et al.’®

is used correctly with bad coordination. This

indicates rational non-compliance, which means
that the device is more relevant for treatment
success than the delivered drug, i.e. a patient
may decide that the amount prescribed for them
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may be more than they need for their personal
feeling of control. This is shown in another study
that assessed AQoL and unscheduled visits in
mild-to-moderate  asthmatics compared  with
moderate-to-severe  asthmatics!® The results
showed that mild-to-moderate asthmatics that
take their medication regularly have a good AQoL
and few unscheduled visits. In addition, in this
group of patients, symptom directed medication
use showed an increased AQoL and only a small
increase in unscheduled visits. Patients receiving
a low-dose experienced more unscheduled
visits compared with patients that had a regular
medication pattern or symptom  directed
medication (Figure 3). In moderate-to-severe
asthmatics, an improvement in AQoL and a
reduction of unscheduled visits was seen only if
medication was taken regularly. In the mild-to-
moderate asthma group, regular versus symptom
directed inhaler use showed equally good
asthma control.

Whether the compliance and the effect of
treatment and inhaler competence are negatively
correlated is an unresolved hypothesis.
Patients need to take an increased number of
inhalations per day if they have poor inhaler
competence in order to compensate for the
insufficient inhalation. If patients are competent
at inhaling and are receiving the optimum dose
from each inhalation, they may reduce their
compliance because they feel they are getting
enough relief and do not require anymore.
Inhaler competence is the prerequisite for rational
non-compliance but asthma management should
not be controlled by patients who cannot inhale.
There are economic advantages of correct inhaler
use. Correct inhaler use results in improved asthma
control, no stepping up, reduced medication
needs, reduced medication costs, reduced need
for additional prescriptions such as fixed dose
combinations and programs to improve inhaler
competence, compliance and adherence, all of
which are likely to be cost saving.”?

The recommendations for prescribing aerosol
therapy are that all medications should come
from the same device and only chlorofluorocarbon-
free aerosol devices should be used. The decision
for prescribing an inhaler should be based on
the patient’s ability to perform an inspiratory
vital capacity manoeuvre. Inability to perform
an inspiratory vital capacity manoeuvre requires
inhalation from tidal volume e.g. a nebulizer or a
hydrofluoroalkane (HFA) pMDI with a spacer and

a valve. If the patient can perform an inspiratory
vital capacity manoeuvre, the patient requires a
single breath inhalation with a dry powder inhaler or
HFA-pMDI (plus or minus a spacer).

Poor device technique evidently affects outcome.
This appears to be due to the fact that there is
a large spectrum of handling errors that increase
with the number of inhalers that individual
patients have. Secondly, healthcare professionals’
knowledge about inhaler technique is inadequate.
These factors can be addressed by teaching
patients to take their medication correctly; it
has been shown that improved inhaler technique
improves outcome. In addition, there are device-
specific differences; DPls appear to be more
effective than pMDlIs in terms of patient handling,
therefore, checking a patient’s inhaler technique
prior to new prescriptions is essential; therapy
should be individualised according to patient
preferences and ability. The device should be
simple and self-explanatory with no crucial errors
and personal instructions should be repeated at
every visit.”

The question is which is more important: the inhaler
or the drug?

‘..an old but well-known drug in a new, more reliable
inhaler is probably more useful than a new drug in an
old (flawed) inhaler’.

How Important is Inhaler Adherence to
Asthma Outcomes?

Cynthia Rand

The discussion surrounding poor asthma control
continues. In the United States there is a significant
problem with poor asthma control among
African-Americans and higher rates of morbidity
are seen in this group of patients. The asthma
hospital discharge rate by race in the United
States, 1980 to 2006,® illustrates a fundamental
issue in asthma treatment. 30 years ago the
armamentarium for managing asthma was very
limited because there were only a few drugs
available. Over a period of 25 vyears this has
increased enormously. Now there are an increasing
number of therapies that have been shown to be
effective in controlled clinical trials and yet there
does not appear to have been dramatic changes in
asthma control, this is reflected by the continued
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number of asthma hospitalisations and emergency
room visits. There are many potential reasons for
this and there is no definitive solution or perfect
drug for treatment.

Efficacious drugs require patient adherence in
order to achieve effective treatment outcomes.
Patient adherence is how patients use their asthma
medications and the relationship between that
behaviour (the fundamental link) and asthma
control. The European Community Respiratory
Health Surveys (ECRHS)® that were conducted
across multiple continents in asthma patients asked
‘if you have been prescribed medicine for your
breathing do you normally take all the medicine?
Consistently across all patient populations,
patients reported that they did not take all the
medication prescribed, clinicians are aware that
this is common practice in asthma patients.

In the United States a four-state survey that
looked at paediatric asthma asked parents how
they gave preventive medication to their child
with persistent asthma.?® The participants were
subdivided into white children (n=822), black

children (n=294) and Latino children (n=369),
the overall results suggested that the overall
rate of adherence was less than 50%. Self-reported
use of any preventative medicine in the last 3
months was 44% in the white subgroup, 30% in the
black subgroup and 30% in the Latino subgroup
(p <0.001). Looking at utilization, the suggestion
was that the highest rate of morbidity, as reflected
by emergency department use (21 emergency
department visit in the last 12 months), was seen
in those children who reported the lowest use of
preventer medication; 39% in the black subgroup
and 24% in the Latino subgroup, compared with
18% in the white subgroup (p<0.001). These results
are surprising because one would think that

parental concern in controlling their children’s
health would play a significant role in how
parents used the medication prescribed for

their children.

The Childhood Asthma Management Program
(CAMP) is the largest study ever conducted in
the United States. In an ancillary study? conducted
in three of the eight CAMP Clinical Centres,
adherence was assessed by using self-reported
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Figure 4. 4-year asthma diary and counter measures of adherence in the CAMP study.
CAMP: Childhood Asthma Management Program; SE: standard error.

Krishnan JA, et al.?
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and objective data in 5-to 12-year-old children with
mild or moderate asthma, who were randomly
assigned to 200 mg of inhaled budesonide twice
a day (n=84) or placebo (n=56) for 4 years. The
Kappa statistic was used to evaluate agreement
between self-reported adherence (daily diary cards),
and objectively measured adherence (number
of doses left in study inhalers) (Figure 4). It has
been shown that, when asked to complete asthma
diaries, patients consistently report a high use of
therapy when asked to present the information in
this form.

In this study self-reported asthma diary data
suggested there was 85%-90% adherence. However,
the data that were collected using objective
measures showed that adherence was less than
75% at the beginning of the study, dropping to 50%
by the end of Year four. The results revealed that
overall adherence was low even among children
who were in a carefully controlled trial with careful
monitoring, nurse instruction at every visit and
pre-selection of who was enrolled in the study;
this shows that even under optimal conditions
adherence was low.

The prevalence of no-adherence in severe brittle
asthma (which is difficult to control) was examined
in a retrospective, cross-sectional study of 182
patients attending the Northern Ireland Regional
Difficult Asthma Service.?? All 182 patients
reported that they were taking their medication as
prescribed. They all had ‘difficult’” asthma, which
was defined as persistent symptoms despite
treatment, and according to the Global Initiative
for Asthma (GINA) guidelines,® were step 4
(reliever medication plus two or more controllers)
or step 5 (reliever medication plus additional
controller options). All of the patients were in
specialist care consultation. The study evaluated
the medication refill rates in the pharmacy records
and found that 53% of the patients in this difficult
to control asthma clinic had less than 75%
adherence. Another study that evaluated the rate
of adherence in patients receiving five different
therapy types in a difficult to control asthma clinic,
found that the majority of patients (74.8%) were
non-adherent with their asthma medication.?
This shows that, in the subgroup of patients with
severe asthma, non-adherence is the missing link
between effective therapies and effective control.
In addition, Krishnan et al.*® assessed medication
adherence in patients who were hospitalised

for asthma, 20% of whom had been intubated
for

asthma. Each patient’'s medication was
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electronically monitored following discharge
from hospital. A monitoring device was used on
the patient’s inhaler and one on their medication
bottle. This allowed data to be collected for
inhaled steroids and oral corticosteroid adherence.
The results showed that during the first 2 weeks
following discharge from hospital, adherence
dropped to less than 50%. This indicates that
behaviour plays a fundamental role in adherence,
even in life-threatening asthma.

Evidence suggests that inhaler adherence is
associated with improved asthma outcomes.
This was shown in a prospective study that
evaluated patterns of steroid use among a range
of patients with severe and mild-to-moderate
asthma.?®* Adherence was assessed 6 months
before a period in which exacerbation was
monitored. A significant association with adherence
of inhaled steroids and future events in this
population was observed. Approximately 24% of
asthma exacerbations were attributable to ICS
non-adherence, and in this patient population, the
benefit was only evident if the patients took 75%
of their medication.

How much asthma morbidity could be averted by
increased medication adherence? This question
has been considered hypothetically using an
algorithm, which was a very sophisticated modeling
strategy. The algorithm looked at what is known
about adherence and what is known about the
association between adherence and outcomes.?” The
results suggested that in the United States alone,
if patients were 100% adherent per year it would
reduce unscheduled asthma visits by 3,700,000
visits (30%), reduce emergency department visits
by 1,000,000 (20%), and would reduce
hospitalisations by 300,000 (20%). Therefore,
the potential benefit if adherence were improved
is substantial.

It has been shown that the impact of adherence
on AQoL and unscheduled visits in patients with
mild-to-moderate asthma that are using asthma
therapy on a symptom-directed-as-needed-
basis, or lower dosing, does not appear to make
a difference in terms of QoL or exacerbation.
However, in patients with more severe asthma,
the association between inhaler wuse and
improved AQoL is clearly important!® This indicates
that for patients with mild to moderate asthma,
under-adherence may be acceptable. Similarly,
in the BASALT trial?® the outcomes of patients
using symptom driven therapy versus physician
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use of ICS: The BASALT trial.

BASALT: Best Adjustment Strategy for Asthma in the Long Term.

Calhoun WJ, et al.?®

driven therapy showed that patients with mild-to-
moderate asthma had improved outcomes
compared with those using biomarker-based or
physician-led therapy (Figure 5). The authors
concluded that patients with mild-to-moderate
asthma that under-adhere do quite well, this
is consistent with physicians’ observations in
clinical practice. Whereas, the results show that
the consequences of non-adherence to therapy
are clearly more critical in patients with
severe asthma.

The impact of adherence to therapy was evaluated
by baseline forced expiratory volume in one
second (FEV)) in patients with mild-to-moderate
asthma receiving prescribed fluticasone or
montelukast asthma treatment.?® Therapy was
electronically monitored with the objective of
identifying a dose response relationship between
the amount of therapy patients took and the
number of symptom free days. The only group
that showed a dose response relationship was the
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group containing those patients who had slightly
more severe disease (Figure 6), with baseline
FEV, =86% of predicted. This supports the notion
that adherence is fundamentally important in
patients with greater underlying disease and less
critical in patients with milder disease.

There are hidden barriers to adherence and
asthma self-management; these include
doctor-patient communication, depression and
negative medication beliefs (patients do not like

taking medications, are asymptomatic or fear
side effects). Effective communication with
patients is essential; in a study that used

audio tapes of the physicians communicating
with their patients about taking new drugs, it

was found that 55% of the physicians
only gave explicit instructions on the
number of doses to takes3° In addition,

only 34% of the physicians discussed how long to
take the medication for, and overall full medication
directions were conveyed to less than 60% of
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patients. This highlights the fact that physicians
should be explicit on how to use medication.

Beliefs about asthma medications are related
to adherence with therapy. This was shown in a
study in which parents of asthmatic children were
asked their beliefs about asthma medication.’! The
study evaluated the association between what
parents thought about therapy and whether the
medication was actually taken. The results showed
that when parents endorsed the statement ‘my
child does not need to take asthma medication
every day’, the child did not take the medication
every day. When the parents endorsed the
statement ‘my child doesn't need as much
medication as the doctor prescribed’, the parents
did not give full medication to their child. Overall,
the study showed that when patients have high
concerns about taking medication every day
they are far more likely to be non-adherent.
Therefore, ascertaining the medication beliefs of
patients allows physicians to identify who is at risk
from non-adherence.

Depression has been identified
chronic illness as a substantial

across every
risk factor for

38 RESPIRATORY ¢ October 2013

non-adherence. Compared with non-depressed
patients, depressed patients are three times
more likely to be non-adherent with medical
treatment recommendations.®?> In all racial and
ethnic populations, patients with low economic
status are at increased risk for both depression
and poor adherence.®® This was shown in a study
in the United States that evaluated elderly asthma
patients with depression.>* The results showed that
elderly patients with depression were substantially
more likely to have poor medication adherence
with their controller therapy and were substantially
more likely to be hospitalised for asthma. This
supports the fact that establishing whether
depression is present may indicate whether
patients are taking their medication as prescribed.

Adherence should be a component of
personalised therapy, which can be accomplished
by: 1) creating a paradigm shift and reframing
adherence from good patient/bad patient to
critical information or valuable clinical data that
allow improved patient management; 2) routinely
collecting refill data and self-reported adherence
data, including behaviour, beliefs and concerns;
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3) using patient adherence levels and patterns to
identify patient-specific responses to treatment and
personal risks of non-adherence; 4) personalising
and tailoring asthma therapy not only for the
drug, the dosing and the device, but for the
adherence expectations in order to best fit each
patient’s risk, needs and preferences.

Non-adherence with inhaler therapy is common
even in severe disease. Across all populations
there is clear evidence that adherence is
associated with better outcomes. In addition, there
is evidence that patients with mild-to-moderate
persistent asthma may tolerate lower levels of
adherence with minimal impact. Clinicians should
work together with their patients to personalise
therapy by determining the optimal level of
dosing and adherence necessary to effectively
control asthma.

The Various Types of Uncontrolled
Asthma

Richard Dekhuijzen

The primary goal of asthma management is

to achieve overall asthma control. Asthma
management is aimed at the level of current
control and the level of future risk. Current

control is defined by symptoms, activity, reliever

use, and lung function. Future risk is
defined by instability or worsening
of the disease, exacerbations and

the severity of exacerbations, loss of lung function,
and the adverse effects of long-term medication.?

The algorithm for assessing the level of asthma
control is to check daytime symptoms, limitations
of activities, nocturnal symptoms/awakening,
need for rescue/reliever treatment, and lung
function (PEF, FEV)). Levels of control are defined
as uncontrolled, partially controlled or
controlled. The prevalence of uncontrolled asthma
was evaluated in a large telephone survey of
asthma patients;®* the survey found that 95%

of patients were uncontrolled. A later study
evaluated patients who had a physician’s
diagnosis of asthma and a prescription
for inhaled steroids.%® The results
showed that 51% of these patients were

uncontrolled and 21% were partially controlled.
Uncontrolled asthma is a huge problem; O’Byrne
et al.¥” identified that the areas where problems
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occur are: learning abilities in younger children,
focused attention, exercise limitation and reduced
cardiovascular fitness, increased risk of severe
exacerbations, accelerated lung function decline,
increases in  medical consumption, mortality,
and costs.

There are three main categories of uncontrolled
asthma. The first category is untreated asthma
due to poor availability of diagnostic procedures
and/or medication; this is an immense problem
in low income countries. The second category
is uncontrolled asthma due to inappropriate
recognition and/or handling of modifiable factors
and comorbidities. The third category is severe
asthma with poor asthma control and/or frequent
exacerbations, despite high dose ICS and a
second controller such as oral corticosteroids
(OCS).38 It is important to know the specific cause
or causes of uncontrolled asthma in an individual
patient as this will initiate individualised non-
pharmacological interventions, prevent over-
prescription and/or overuse of medication, and
initiate specific pharmacotherapy.

Several approaches have been suggested to
find the cause of uncontrolled asthma, for
example Bel et al.39 suggested an algorithm for
uncontrolled/severe asthma (Figure 7). If a patient
with asthma is uncontrolled despite 500 mcg
ICS a day, with or without a long acting beta2-
agonist (LABA) it is a concern, and a practical
approach to treatment is required. The
ABCDE(F) scheme*® algorithm in uncontrolled
asthma can help in the treatment of such patients:

Is it really (and only) Asthma?
Are all Bronchial triggers known?
Is Compliance optimal?

Can the patient handle the Device

Is Every small airway reached?

m m O O W >

Is a specific Phenotype present?

A Is it really (and only) Asthma?

There are a lot of diseases that will mimic or
overlap asthma, e.g. a viral wheeze in children,
emphysema, bronchiectasis, COPD, and chronic
cough.# In addition, there are many suspected
alternative or additional diagnoses in adults
which are sometimes difficult to distinguish from
asthma, e.g. vocal cord dysfunction, recurrent
pulmonary embolism, bronchiolitis, Churg-Strauss

EUROPEAN MEDICAL JOURNAL

39



Patient has uncontrolled asthma and/or
Frequent (=2/year) asthma exacerbations

I
Yles

Patient has prescription of high dose inhaled
corticosteroids* with or without systemic

—No—l Increase dose of inhaled corticosteroids and |

llong-acting beta agonists to maximal daily dosel

corticosteroids
T

Yles

Patient has a confirmed diagnosis of asthma*

- No—' Demonstrate variable airflow limitation (PEF, |

I spirometry, methacholine challenge, tapering) |

I
Yles

Patient is using inhalers correctly and has
received adequate asthma education

I
Yles

Patient is compliant with asthma treatment

- No— Check pharmacy records, powder inhalations, |

T
Yles

I plasma cortisol or prednisolone levels I

conditions are excluded

Alternative or overlapping diagnoses as primary|

T
Yles

Exposure to sensitising and non-sensitising
substances in school or workplace are excluded

Yles

Exposure to sensitising or non-sensitising
substances at home are optimally controlled

T
Yles

discontinued

Drugs that may cause bronchoconstriction are |

___________________ 5
I

T
Yles

Co-morbidities are optimally treated

T
Yles

Patient has been followed and reassessed for at
least 6 months

Yles

Patient has severe refractory asthma

Figure 7. An example of an algorithm in case of uncontrolled/severe asthma.

NSAID: non-steroidal anti-inflammatory drug.
Bel EH, et al.®
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syndrome etc.*® Another consideration is that
the asthma patient may have multiple
comorbidities. In a study of risk factors of
frequent  exacerbations in difficult-to-treat

asthma patients the frequency distribution of
comorbid factors was significantly associated
with  frequent severe exacerbations.*? In all
patients with frequent exacerbations (n=39), more
than one factor (severe sinus disease, gastric
reflux, recurrent respiratory infections,
psychopathology, or obstructive sleep apnoea)
could be detected. In addition to asthma, 12% of
the patient population had one comorbid factor,
36% had two comorbid factors and 40% had
three comorbid factors. Comorbidities have an
impact on outcome and the study showed that
patients with >3 exacerbations per year had
significantly more prevalent psychosocial
dysfunction, severe sinus disease, gastric reflux,
or recurrent respiratory infections compared
with patients with only one severe exacerbation
(p<0.05). This highlights the importance of
establishing whether the patient really (and only)
has asthma.

B Are all Bronchial triggers known?

There are many trigger factors which include:
outdoor and indoor allergens, environmental
pollutants, toxic fumes, occupational agents,

and medication.®*® 10-15% of adults with asthma
have work-related complaints; rhinitis is often
the presenting symptom. Over 200 compounds
have been associated with work-related asthma;
a thorough history is required to enable the
possibility of identifying the causative agent.#
Some triggers are very well known for example
smoking; patients with asthma who are current
smokers have less asthma control compared
with those who have never smoked or those who
are ex-smokers.44

C Is Compliance optimal?

In chronic asthma patients, inhaled medication
is in the cluster of the lowest adherence; only
20% to 30% still use their asthma medication
as prescribed after 2 years.® The consequence
of low adherence is less asthma control.#

D Can the patient handle the Device?

There are three important issues that need to
be considered in order to make an optimal
match between the patient and the device: 1) is
the patient able to inhale consciously? The
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elderly, cognitively impaired, and children
should be considered; 2) is the patient able to
generate a sufficient inspiratory flow rate? 3) Is
the patient able to coordinate well?*¢ A patient
who demonstrates that conscious inhalation is
possible, and has sufficient inspiratory flow and
good coordination, can be prescribed almost any
device (Figure 8).

E Is every small airway reached?

More attention is being paid to pathology in the
small airways in patients with asthma. In the
bronchioles, the patency of the small airways is
significantly reduced in patients with asthma.?
Closing volume (CV) and closing capacity (CC)
are parameters for airway closure and air trapping,
and thus measure small airway patency. Severe
asthmatic patients with recurrent exacerbations
(unstable asthma) have increased CV and
CC compared with equally severe but stable
asthmatic control patients, even in well-controlled
episodes. Patients with recurrent exacerbations
are prone to earlier airway closure and are at
risk for excessive airway narrowing.® This
suggests that airway closure at relatively high
lung volumes but clinically stable conditions might
be a risk for severe exacerbations in
asthmatic patients.

Patients with less severe asthma (step 2, 3 and
4) have abnormal values of peripheral airway
resistance. A study that assessed small-airways
disease using alveolar nitric oxide (NO) and
impulse oscillometry in asthma and COPD
showed that 64-70% of step 2, 3 and 4 asthmatic
patients were shown to have abnormal patency of
the small airways.*® This indicates that even in
relatively mild disease, there is small airway
involvement and this should be considered in
terms of its contribution to the severity and
lack of control in these patients. In patients with
mild asthma, bronchial NO is not correlated with
asthma control. However, asthma control and
alveolar NO demonstrate a statistically significant
relationship.®® This suggests that inflammation
in the periphery of the lung may contribute to
less control of asthma. The involvement of the
small airways is difficult to assess in clinical practice.
If an assessment of the history of the patient’s

asthma is made, bronchial triggers excluded,
compliance confirmed, and the device s
satisfactory but there is still uncontrolled

asthma, it may indicate small airway involvement.
A suggested treatment would be to give an ICS
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Conscious inhalation possible

Patient

Sufficient inspiratory flow

\

Coordination +

v

Coordination -

Insufficient inspiratory flow

v

Coordination +

v

Coordination -

Conscious
inhalation not
possible

pMDI +/- spacer
DPI

Breath actuated
aerosol

Soft mist inhaler

pMDI + spacer
DPI

Breath actuated
aerosol

Soft mist inhaler

pMDI +/- spacer

Breath actuated
aerosol

Soft mist inhaler

pMDI + spacer

Breath actuated
aerosol

Soft mist inhaler

Nebuliser

PMDI + spacer

Nebuliser

Figure 8. Inhaler therapy for adults with asthma: can the patient handle the device?
pPMDI: pressurised metered-dose inhaler; DPI: dry powder inhaler.

Dekhuijzen, PN.4®

with asmall particle size for 3 to 6 months, if the
treatment is successful, the patient will indicate an
improvement signified by fewer complaints, more
exercise capacity and fewer exacerbations.

F Is a specific Phenotype present?

Asthma is driven by T helper 2 (T,2) (in children
this includes allergic asthma, exercise-induced
asthma and aspirin-exacerbated respiratory
disease) and non-T 2 phenotypes (in adults
this includes very late-onset asthma in women,
obesity-associated asthma, smoking-associated
neutrophilic asthma, smooth muscle mediated
paucigranulocytic  asthma).>® The phenotype
may have therapeutic consequences. There is a
difference  between phenotypes and their
response to therapy, for example the phenotype
‘early-onset allergic’ is corticosteroid responsive
which is T, 2 targeted and is relatively easy to
treat. Conversely, the treatment of adult onset
obesity-related asthma is more difficult because
there is a lack of T, 2 and the target for therapy is
less clear. This type of asthma is responsive to weight
loss, antioxidants and possibly hormonal therapy.
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In summary, uncontrolled asthma occurs frequently
and is a huge problem for the patients. There is a
wide spectrum of causes of uncontrolled asthma
and it is of great importance that the cause of
uncontrolled asthma is found in individual patients.
Several of the causes of uncontrolled asthma can
be handled by non-pharmacological interventions.
There are specific phenotypes where specific
pharmacological interventions are indicated.

Severe Asthma: The Role of IL-5
Michael Wechsler

There is a huge proportion of the asthma
population that remains poorly controlled. This
is mainly due to poor inhaler technique and poor
adherence. New options are required and many
different therapies are being developed which
will become available within the next decade. The
main goal in the treatment of asthma patients is
to optimise their asthma management. It is clear
that adherence and inhaler technique need to
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be addressed, but additional new therapies need
to be developed to help in the management of
these patients.

The national Asthma Education and Prevention
Program (NAEPP) 2007 guidelines®®> for the
management of asthma recommend escalation
of therapy in patients who are poorly controlled.
This means that as patients become increasingly
inadequately controlled, doses of corticosteroids
are increased and long acting beta-agonists,
leukotriene modifiers and anti-immunoglobulin
E (IgE) are added to the treatment regimen.
However, despite these recommended measures
and the use of the current therapies for asthma
(short-acting beta-agonists, LABA, ICS,
leukotriene modifiers, anti-IgE, systemic steroids,
immunotherapy, anticholinergics [short-acting],
and ipratropium), asthma control remains poor. The
question is ‘what to do next?’

The underlying pathophysiology of asthma
denotes the specific cellular elements that need
to be targeted; these are the mast cell, basophil,
eosinophil, neutrophil, macrophage, dendritic
cell, lymphocyte, and fibroblast, all of which are
involved in asthma pathogenesis. One of the
key cells involved in asthma pathogenesis is the
eosinophil. Eosinophilic cytokines contribute to
the chronic inflammatory process, in addition they
have an interrelationship with other cells (epithelial,
basophil, smooth muscle, mast, endothelial and
neutrophil). Eosinophilic cytokines contribute to
the activity, dysregulation and protonation of all
the other cells that contribute to asthma
pathogenesis. A number of cytokines released by
eosinophils have autocrine growth-factor activities.
These cytokines, Regulated on Activation, Normal
T cell Expressed and Secreted (RANTES), IL-
3, IL-5, and granulocyte-macrophage colony
stimulating factor (GM-CSF), create a feedback
loop for eosinophil expansion and activation. IL-5
is especially important in asthma and facilitates
the maturation, activation and degranulation of
eosinophils. In addition, IL-5 enhances the longevity
of eosinophils by inhibiting apoptosis.®®* Other
cytokines produced by human eosinophils that
may have activities in acute and chronic
inflammatory responses include IL-1, IL-6, IL-
8, Tumour necrosis factor alpha (TNF-a), and
both transforming growth factors (TGF), TGF-a
and TGF-p.%

The effector functions of eosinophil-derived
cytokines are tissue repair and remodelling, innate
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immune cell interactions with mast cells, modulation
of adaptive immunity, autocrine regulation, effects
on nerve cells, and angiogenesis.>®®> Eosinophils
and their cytokines play a large number of roles
in many of these different features of asthma.

There is a substantial amount of evidence linking
eosinophils to asthma. It has been shown that
there are increased numbers of eosinophils in
symptomatic allergic asthma patients,”® whether
it is in the blood, the sputum or the tissue.
Patients with airway hyper-responsiveness and
airway limitation are associated with increased
numbers of eosinophils. Understanding the role
of eosinophils in the management of asthma

is essential because treatments that decrease
eosinophil numbers, whether it is systemic
steroids, inhaled steroids, leukotriene modifiers,

or IL-5 targeted therapy, result in improvement in
asthma control.

Castro et al.®” studied bronchial biopsies taken
before and after treatment in 25 subjects with
moderate persistent asthma. The subjects were
treated for 30 days with inhaled fluticasone
propionate (1760 ug/day) followed by a withdrawal
period that lasted until peak expiratory airflow
decreased by 25% and FEV, by 15%, or 6 weeks
elapsed. The results showed that the number of
eosinophils in the bronchial biopsies was increased
by glucocorticoid withdrawal in both groups.
This suggests that eosinophils play an important
role in the inflammatory pathway. Similarly,
allergen challenges result in increased eosinophils,
this was demonstrated in a study of patients who
underwent an allergen challenge.’® The results
showed that patients were shown to have a
significant increase in sputum eosinophils after
the allergen challenge compared with before the
allergen challenge.

It has been suggested that asthma can be
classified phenotypically as eosinophilic or
non-eosinophilic.>® It is estimated that 40-60%
of asthma is in the eosinophilic subset,®® and
this number would probably increase significantly
if corticosteroids were withdrawn. It has
been shown that the severity of symptoms is
increased in patients with eosinophilic asthma®
and in those that have persistent eosinophilia
despite the use of corticosteroids. Exacerbations
are  associated  with  sputum  eosinophilia;
Jatakanon et al.%? studied the effect of changes
in airway eosinophils in 15 patients with stable
asthma. Mild exacerbations were induced in
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the patients with stable asthma controlled with
medium to high-dose ICS. The only significant
difference between these two groups at baseline
was a higher baseline sputum eosinophil count
in  subjects with subsequent exacerbations
(p<0.05). Eosinophilia correlated with decreased
lung function (PEF and FEV) and an increase in
NO in these patients.

Further studies have shown the role of
eosinophilia in poorly controlled asthma patients,
Green et al.®® studied 74 patients with moderate to
severe asthma allocated randomly to management
either by standard British Thoracic Society asthma
guidelines (BTS management group) or by
normalisation of the induced sputum eosinophil
count and reduction of symptoms (sputum
management group). The sputum eosinophil count
was 63% (95% Cl 24-100) lower over 12 months
in the sputum management group than in the
BTS management group (p=0.002). Patients in
the sputum management group had significantly
fewer severe asthma exacerbations than patients
in the BTS management group (35 vs 109; p=0.01)
and significantly fewer patients were admitted
to hospital with asthma (1 vs 6, p=0.047). There
were no differences between the groups in the
average daily dose of inhaled or OCS. A treatment
strategy directed at normalisation of the induced
sputum eosinophil count as an inflammatory
surrogate count reduces asthma exacerbations
and admissions without the need for additional
anti-inflammatory treatment. A similar study
analysed data obtained from 164 subjects with
mild to moderate asthma compared the effects of
continued ICS use with the effects of a switch to
salmeterol or placebo.f* The study demonstrated

that sputum eosinophils guided treatment
strategy resulted in a 48% reduction in
ICS therapy.

There are several potential eosinophil selective
targets: chemoattractant receptor-homologous
molecule expressed on T2 cells (CRTH2),

mucin-like hormone receptor 1 (EMR-1), Siglec-8,
chemokine receptor type 3 (CCR3), and IL-5
(Figure 9).%5 There is also the group of corticoid
receptors, all of which are potential targets that
could reduce the number of eosinophils in the airway.

IL-5 binds to a heterodimeric cell surface receptor
comprising an alpha chain specific for IL-5 (IL-
5R), and a beta chain that is shared with the IL-3
and GM-CSF receptors (fc). IL-5Ra is expressed
on eosinophils and their precursors, basophils,

CYSLTRI

Figure 9. Potential eosinophil selective targets.
CCR3: C-C chemokine receptor type 3; EMR-I:
mucin-likehormonereceptor1;CRT:chemoattractant
homologous receptor; GR: glucocorticoid receptor.
Wechsler ME, et al.®®

bronchial smooth muscle cells and murine BI
lymphocytes.t® IL-5 promotes the intramedullary
eosinophilopoietic  development of eosinophil
precursors to mature eosinophils and releases
stored mature eosinophils from within the marrow.

IL-5/eosinophils may have a major role in asthma-
associated remodelling. IL-5 is a major regulator
of eosinophil proliferation and maturation. Cho et
al.?” sensitised wild-type (WT) and IL-5-deficient
(IL-5 knock out [KO]) mice to ovalbumin (OVA),
and challenged by repetitive administration of
OVA for 3 months. WT mice had a significant
increase in the number of peribronchial cells
staining positive for major basic protein and
TGF-B. In contrast, IL-5-deficient mice had a
significant reduction in thenumber of peribronchial
cells staining positive for major basic protein,
which was paralleled by a similar reduction in
the number of cells staining positive for TGF-f,
suggesting that eosinophils are a significant
source of TGF- in the remodeled airway. OVA
challenge induced significantly higher levels of
airway epithelial VB6 integrin expression, as well
as significantly higher levels of bioactive lung
TGF-B in WT compared with IL-5-deficient mice.
Increased airway epithelial expression of V[36
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integrin may contribute to the increased activation
of latent TGF-f. The IL-5 KO mice had significantly
less peribronchial fibrosis (total lung collagen
content, peribronchial collagens Il and V) and
significantly less peribronchial smooth muscle
(thickness of peribronchial smooth muscle layer,
smooth muscle actin immunostaining) compared
with WT mice challenged with OVA. This indicates
that IL-5, eosinophils and TGF-B appear to
have an important role in airway remodeling.

Blocking IL-5 may significantly contribute to the
management of asthma. There are at least three
anti-IL-5 drugs in development: mepolizumab,
reslizumab® and benralizumab.?®> These therapies
target IL-5 (benralizumab targets the IL-5
receptor specifically); their mode of action is that
they neutralise IL-5 and or have cytotoxic effects
in the cells. The effects of the therapies are mainly
a decrease in eosinophil counts and a decrease in
eosinophil activation in the tissue, their aim is to
improve asthma control.

In pre-clinical studies, reslizumab was administered
to allergic mice resulting in  pulmonary

1000 7]

750 7] _
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250 —

0 30 60

Time (days)

Blood eosinophil counts after [V administration
of placebo (N=8) (squares) or reslizumab at
0.3 mg/kg (N=6) (triangles) or 1.0 mg/kg (N=12)
(inverted triangles)

Figure 10. The effects of reslizumab on blood
eosinophil counts.
Kips JC, et al.”®

eosinophilia inhibition, and an anti-inflammatory
effect was observed.®’® The anti-inflammatory
activity is additive with oral prednisolone. In
ovalbumin-sensitised guinea pigs reslizumab was
administered before OVA challenge and resulted
in the decrease of pulmonary eosinophilia and
hyper-reactivity.®® In addition, it significantly
inhibited bronchoconstriction.”

In humans, Leckie et al” showed that anti-
IL-5 therapy resulted in a reduction of blood
eosinophil count. 2-5 mg/kg and 10 mg/kg doses
of anti-IL-5 caused a reduction in eosinophils
that was sustained for up to 16 weeks, whereas
placebo did not result in the reduction of
eosinophils. It was also demonstrated that anti-
IL-5 therapy resulted in a reduction of sputum
eosinophil counts; significant reductions were
seen in the 10 mg/kg anti-IL-5 group compared
with placebo at 9 days and 30 days. The problem
was that anti-IL-5 did not improve lung function
in this study.”? These were broad studies that
looked at all asthmatics and did not stratify them
according to baseline eosinophilia. Although there
was a reduction in blood and sputum eosinophils
there was no change in airway late phase
reactivity to allergens, no change in lung function
and no change in asthma symptoms.

It is becoming increasingly recognised that a
wide group of asthmatics is not the most ideal
study population. This is because asthmatics are
heterogeneous, which indicates that different
endotypes of asthma should be studied. This
suggests that IL-5 therapy needs to be targeted
at identified potential responders, and these should
be stratified accordingly.

Kips et al’”® studied anti-IL-5 in severe
persistent  asthma. Four  different doses
(0.03 mg/kg; 0.3 mg/kg; 0Img/kg; 1.0 mg/kg)
of reslizumab versus placebo were given to 32
patients. The results showed there was a short-
lived decrease in blood eosinophil count after the
0.3 mg/kg dose (52.5% reduction at 48 hours).
There was a more pronounced response to
reslizumab 1.0 mg/kg, remaining significant to
30 days post-treatment (p=0.05 versus placebo)
(Figure 10). There was a substantial variability
in sputum eosinophil counts, but no consistent
changes over time were observed in any of the
treatment groups. A trend towards increased
FEV, was observed, with significant improvement
at 24 hours with the 0.3 mg/kg dose (p=0.019
versus placebo). No significant changes in
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FEV/FVC (forced vital capacity) ratio, peak flow,
symptom score, or physician-evaluated overall
condition were seen. Although there were no
changes in peak flow or symptom score, it was
thought that if stratified grouping was improved in
larger patient populations, and as dosing regimens
advance, it is possible that improvements in peak
flow and symptom score would be seen.

In a further study, reslizumab was evaluated
in  poorly controlled eosinophilic  asthma
patients.” This Phase |Il, placebo-controlled,

double-blind study randomised 106 patients with
eosinophilic asthma who had =3% eosinophils
at screening. Reslizumab at a 3 mg/kg dose
was compared with placebo (IV dosing at weeks
0, 4, 8, and 12). The mean change in the asthma

control questionnaire (ACQ) showed an
improvement in the reslizumab group of -0.7
versus -0.3 in the placebo group (p=0.0541)

(Figure 11). In addition, there was an improvement
of =205 in ACQ scores in 59% of patients
receiving reslizumab, versus 40% in the placebo
group (odds ratio 2.06; p=0.0973), and a greater
change from baseline in patients with nasal polyps
of -1.0 in the reslizumab group compared with
-0.1 in the placebo group (p=0.012). The mean

change in FEV, was -0.08 in the placebo group
compared with +0.18 in the reslizumab group
(p=0.0023). The sputum eosinophil count was
reduced by 954% in the reslizumab group
compared with 387% in the placebo group
(p=0.0068), and the reduction from baseline in
blood eosinophil count was significantly greater
in the reslizumab group (pP<0.0001). Asthma
exacerbations were reported in 8% of patients
receiving reslizumab compared with 19% of those
receiving placebo (p=0.0833), showing over a
50% reduction in asthma exacerbations in the
reslizumab group.

A  randomised trial of mepolizumab versus
placebo in 20 patients with sputum eosinophilia
and asthma symptoms despite prednisone,
resulted in a significant reduction in exacerbations
in the mepolizumab group compared with
placebo (p=0.002).> In addition, there was
a significant reduction in steroid dose (84%
reduction in the mepolizumab group compared
with 48% in the placebo group), there was
a sustained benefit for 8 weeks of reduced
eosinophils, and there were no serious adverse
events. Another study evaluated mepolizumab
and exacerbations of refractory eosinophilic
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Figure 11. The efficacy of reslizumab on ACQ score.
Castro M, et al.”*
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asthma in 61 patients.”® The patients were treated
with mepolizumab or placebo for 12 months.
The results showed that there was a significant
reduction in exacerbations in the mepolizumab
group compared with placebo; the cumulative
number of exacerbations at month 12 was 57
versus 109, respectively. No effect on lung function,
symptom scores or NO was seen. The results of
this study are supported by another study, which
found the total number of exacerbations over
time was reduced with mepolizumab compared
with placebo.”” Patients with sputum eosinophils
>3%, or fractional exhaled NO >50, or blood
eosinophils >300, received 75,250 or 750 mg of
mepolizumab or placebo. The results showed a
significant reduction in asthma exacerbations in
all three of the doses given (Figure 12). There were
no effects on FEV, ACQ or in the AQoL. However,
the reduction of the number of exacerbations
equated to 50% per patient per year and this
demonstrates a clinically important outcome.

Based on the studies that have been published
to date, it has been shown that anti-IL-5 therapy
is more likely to benefit patients with eosinophilic
asthma. This group of patients not only shows
a decrease in sputum eosinophilia but also an
improvement in FEV, as well as an improvement
in asthma control, and more importantly a decrease
in exacerbations. Anti-IL-5 has been shown to
be well tolerated with a similar percentage of
patients with adverse events as placebo; the most
commonly reported adverse events are headache,
fatigue and nasopharyngitis.”

In the majority of the studies that have been
done, eosinophilic asthma has been defined
as persistent sputum eosinophils =2.5-3%.7
Sputum cell count has been relied on because it
is a valid, repeatable and responsive metric that is
specific and comprehensive. Sputum cell counts
have been independently evaluated in 18 different
research laboratories across four continents. The
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Figure 12. Total exacerbations over time are reduced with mepolizumab versus placebo.

Pavord I, et al.””
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process for measuring sputum cell counts requires
some training but produces excellent results.

In the persistent eosinophil phenotype, key
metrics have shown that if patients are selected
based on screening of eosinophils, good results
are achieved. This has been illustrated in two
studies that did not screen eosinophils in
patients; in one study only 5% of the patient
population had >3% eosinophils”® and in the other,
only 30% of the patient population had >3%
eosinophils;”® consequently, these studies did
not demonstrate success with anti-IL-5 therapy.
However, in studies with patients who have >3%
eosinophils,’#7¢ success has been demonstrated with
this therapy.

The current gold standard in the diagnosis of
eosinophilic asthma is sputum eosinophilia.
The utilisation of blood eosinophilia is being
considered as a marker and a metric because
it is widely available and is a Food and Drug
Administration standard. In the future it is hoped
that other sputum biomarkers can be used to

help identify responders and non-responders to
anti-IL-5 therapy.

Anti-IL-5 is effective in reducing eosinophilia
in blood and sputum. This has been established
by improvements in lung function being apparent
in patients with eosinophilic asthma. In addition,
trends towards improved asthma control have
been observed, with more pronounced effects
being seen in patients with eosinophilic asthma
and nasal polyps. Anti-IL-5 is well tolerated with a
similar adverse event profile to placebo. Despite the
fact that there are many other therapies available,
newer therapies are required. Problems with
adherence and inhaler technique require solving,
and other ways to manage patients need to
be identified. Accordingly, new therapies are
required, and anti-IL-5 is a new therapy that
appears to be effective, it targets a variety of
different cells and makes biological sense. The
future development of anti-IL-5 therapy provides
an exciting option for the management of
asthma patients.

Panel discussion

Question: Why were sputum tests used when there are much easier and cheaper alternatives?

Michael Wechsler: The reason that sputum eosinophils were selected is because 1) eosinophils
in sputum are in the compartments of interest. 2) There hasn’t been a correlation between blood
eosinophils and a response to therapy. It has been investigated, and, while in some patients’
blood eosinophils there is a good response, not everyone with high blood eosinophils is necessarily
a responder. Patients with low blood eosinophils do have higher sputum eosinophils because sputum is
in the compartment of interest. | do think it is important to try and develop a simple assay; sputum is
more difficult than the blood test. However, the more we do these kinds of studies the easier they will get,
and certainly some people would argue that sputum is, in some ways, less invasive; you just spit into your
pallet, and this maybe another reason for this approach. But we require a measure that predicts
responsiveness whether it be in blood, sputum or urine.

Question: Which are better: leukotriene modifiers or an anti-IL-5?

Michael Wechsler: Leukotriene modifiers are effective therapies in patients with mild-to-moderate
asthma and they do have some mild anti-eosinophilic properties. But in general you cannot use
eosinophilia as a predictor of response to leukotriene modifiers, and the degree of benefit that has
been seen with leukotriene modifiers compared with that seen with anti-IL-5 in patients, who are already
on ICS and a LABA, is not to the same degree. So while leukotriene modifiers have beneficial properties
and do have some anti-eosinophil effects they are not to the same degree as anti-IL-5.
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Question: What do the other speakers think about anti-IL-5 therapy?

Cynthia Rand: So why would somebody who looks at adherence comment on this? Well | will make
two comments and listen for a response. The first is that this is directly observed therapy, treatment
where you confirm having received the treatment has been shown in other therapies to have a
dramatic effect on outcome. So a study has not yet been done that actually teases out the difference
between directly-observed therapy in this population, where you have matched and observed doses
of inhaled steroids versus one of the biologics. So it raises a question for me as to what extent that is
a contributor to outcome. And the second is the limitation we know we have in people who are non-
adherent, the eosinophil count also goes up, so the question is to what extent in the studies that have
been done have they sufficiently, that is really sufficiently, screened out non-adherence as a contributing
cause for the increased eosinophils? So | think it is a really intriguing and promising area and clearly
| absolutely agree it has had some impact on some populations, but what is a little less clear to me is
whether or not it has actually provided a different way of delivering therapy to a population that was under-
adherent in the first place.

J. Christian Virchow: From a clinical perspective, if you see patients who have eosinophilia, these are the
ones that are easy to treat, and | would imagine that the number of patients with asthma who are
difficult to treat usually lie in the high eosinophil range. These patients are not huge in numbers, but | do
see a very clear need for these therapies in more complicated cases, such as allergic bronchopulmonary
aspergillosis, where these patients have loads of eosinophils and need high doses of systemic
corticosteroids. Secondly, there is a big need in patients who have asthma and eosinophilia; their problem
is not so much the lower airways which can be treated, but the upper airways severe polyposis, and
we know from these studies that if you give reslizumab to patients with nasal polyposis there is a
reduction in the spores, whereas high doses, even toxic doses, of corticosteroids are required to get the
disease in check. | certainly see a big need in these patients for anti-IL-5 therapy. | do see some patients
with high steroid dosing-requiring asthma where you would go to a balance therapy with anti-IL-5 but
also a dose of corticosteroids. | think that we need to keep in mind that our patients are well controlled on
high doses of corticosteroids but only controlled according to GINA; they come to you and say | still feel
miserable even though | take most of my inhalers but | hate taking this red stuff because it is not normal.

Michael Wechsler: Very recently, Sally Wenzel published a paper in The New England Journal of Medicine
that examined patients with eosinophilia, who were poorly controlled on ICS and beta agonists; all
patients were screened and there were still over 20% of patients who had persistent eosinophilia. So it is
important to recognise that yes we can work on inhalers, we can work on compliance, but there are still a
large proportion of patients that, no matter what you do, the patients take their medications, they take them
properly and they are still symptomatic, and this is what this kind of therapy targets. We do need to work
on those issues and other conditions need to be excluded.

Question: Can disease management programmes improve adherence?

J. Christian Virchow: Well | guess they could but the evidence for that is not from very well-controlled
studies. Recently | saw a comprehensive care programme for asthma, very similar to a disease
management programme in COPD, and saw higher mortality in the programme compared with those not
in the programme. | think from what we have heard, anything that educates patients has at least the
potential to increase compliance. Based on what we know | would say yes.

Cynthia Rand: There are lots of different flavours of disease management programmes and it depends
on what they consist of. | think what the evidence suggests is that those which address more
complicated issues have better outcomes. Clearly | think the theme that runs through all of our talks is
that there is tremendous variability in asthma patients and, the extent to which you understand their
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unique barriers and the phenotype underlying the severity, the better you can match the right treatment
to help control their illness. Two comments that were raised by the audience, which | think are very
important to raise: one that | failed to mention (as did others) is the cost of medication and the extent
to which that can put up a barrier for a patient. | think it was highlighted before that many of our
patients, and | speak from the US perspective where we do have some substantial cost issues, patients
are not just treating one illness; they are having to cover costs for multiple different chronic illnesses,
and indeed that has been shown to be a significant barrier, and that reducing that cost would improve
adherence. And the second point that was made was that instead of searching for biomarkers for
specialised therapies, perhaps we need behavioural studies in patients to increase adherence - well what
am | going to say, | am going to say yes of course - but | truly do think we need to partner on these issues.
There is no one solution for our patients, and behavioural strategies are not at the route of problems with
asthma, but to manage any other chronic illness and how we can help patients better follow therapies.

Question: Coming back to the area of anti-IL-5 is there any experience in childhood asthma?

Michael Wechsler: There are some studies that are on-going in paediatric patients but nothing has been
published to date.

Question: Another important question, which is particularly relevant to countries like many in Europe where
we have consultation for free and access to medicine. How are you going to persuade the health authorities
to fund this treatment how expensive will it be?

Michael Wechsler: The specific pricing for these therapies has not been developed as of yet; we have
some experience based on anti-IgE therapy. The rationale for prescribing these expensive therapies is
to prevent asthma exacerbations, and | showed you at least three different studies that demonstrate that
anti-IL-5 reduced exacerbations. Exacerbations are very costly; they include hospitalisations,
emergency room visits, and it is estimated in the United States that we spend at least 15 to 20 billion
dollars a year treating patients with asthma, and at least two thirds to three quarters of that expenditure
is in the management of asthma exacerbations and in hospitalisations, and so if we can reduce asthma
exacerbations by 50%, as was shown in these studies, then this can result in significant savings, so that is
the rationale we argue.
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ABSTRACT

Chronic obstructive pulmonary disease (COPD) is a major health issue worldwide, with disease
burden, healthcare costs, and mortality rates all significant and increasing. Non-invasive ventilation (NIV)
is used to manage acute exacerbations of COPD associated with mild-to-moderate acidosis.
Continuing NIV after discharge can reduce the risk of re-exacerbation, and decrease hospitalisation
rates and healthcare resource use. A number of positive effects have been documented during NIV
treatment in patients with stable hypercapnic COPD. These include reductions in hypercapnia and
hypoxaemia, improvements in quality of life (QoL) and neuropsychological function, reduced hospital
admissions and costs, and improved benefit from pulmonary rehabilitation. The effect of NIV targeting
carbon dioxide reduction on long-term survival remains to be clearly determined, but is the subject of
ongoing research. Overall, accumulating evidence suggests that NIV also has a role in the long-term
management of stable hypercapnic COPD. It is expected that long-term NIV will be most useful for the
subgroup of patients with frequent exacerbations of disease. Co-morbidities such as obesity, heart failure,
or sleep-disordered breathing could further support the use of long-term NIV in the setting of stable
hypercapnic COPD.

Keywords: Non-invasive ventilation, chronic obstructive pulmonary disease, randomised controlled trials,
survival rate, hypercapnia.

to the third leading cause of death worldwide
by 2030.2

INTRODUCTION

The term chronic obstructive pulmonary disease
(COPD) encompasses the diagnoses of chronic
bronchitis and emphysema. COPD is characterised
by persistent, non-reversible airflow limitation.
The main underlying feature is loss of elastic
recoil of the lungs as a result of parenchymal
destruction, along with airway inflammation.
The World Health Organization (WHQO) estimates
that 65 million people have moderate to severe
COPD worldwide,> and COPD is a significant
cause of mortality, ranking as the fifth leading cause

Death from COPD is an important issue, however,
the chronic nature of the disease and its
significant impact on quality of life (QoL) (for
patients and their caregivers) means that the
burden of disease extends well beyond mortality.
The European COPD Coalition estimates that
the life experience of one in ten adults is limited
by COPD. Severe COPD has a symptom burden
that is comparable to that of cancer* and has a
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of death in 20022 The prevalence of COPD is
rising; mortality from COPD is expected to increase

greater negative impact on health status than self-
reported cardiovascular disease or diabetes.®
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COPD also places a significant demand on
healthcare resources. The annual direct cost of
COPD in the US has been estimated to be more
than $32 billion (USD),* and the mean in-hospital
treatment cost for one patient with an acute
exacerbation of COPD has been reported as
$9,545 (USD).” In the European Union, total direct
costs for respiratory disease account for around
6% of the total healthcare budget; in turn, COPD
consumes 56% of the spend on respiratory disease
(€38.6 billion).

COPD is a chronic, progressive disease, and
many patients will eventually develop chronic
respiratory failure. This can be either hypoxic or
hypercapnic in nature. Type 1 respiratory failure
is characterised by hypoxaemia secondary to
impaired gas exchange in the lungs, and can be
treated by with long-term oxygen therapy.
Hypercapnia is the main feature of type 2
respiratory failure and occurs as a result of
impaired ventilation.® Type 2 respiratory failure
is often associated with severe exacerbations of
COPD® and effective management strategies
are essential” Maintenance of appropriate gas
exchange and sufficient ventilation has been
highlighted as one of the key therapy objectives.!
Clinical trial data show that mortality is much
higher in COPD patients admitted to an intensive
care unit (ICU) because of acute respiratory failure
and who were discharged with non-reversible
hypercapnia (defined as PaCO, 250 mmHg), than
in those who were normocapnic at admission
or discharge (reversible hypercapnia)!®> Higher
mortality rates have also been documented in
a subgroup of COPD patients who had a rise in
PaCO, of =5 mmHg/year compared with those
who had stable PaCO, values.”

NON-INVASIVE VENTILATION

Acute non-invasive ventilation (NIV) has been
shown to be a very effective treatment approach
in patients with an acute exacerbation of COPD
with  mild-to-moderate  respiratory  acidosis,
reducing mortality, need for endotracheal
intubation, and length of hospital stay*? For
patients who are treated acutely, continuation of
NIV at home after discharge from hospital may be
associated with a lower risk of recurrent severe
COPD exacerbation.?? In patients with chronic,

stable COPD, the use of NIV in the home
appears to decrease the need for physician
care and hospitalisation.?*? In COPD
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patients at risk of recurrent admission, the
use of home-based NIV has the potential to
reduce hospital admissions and healthcare

resource use.?

Long-Term NIV in Chronic Hypercapnic COPD:
The Rationale

Physiologic studies have shown that mechanical
ventilation can improve alveolar ventilation
while reducing inspiratory effort in patients with
stable chronic hypercapnic respiratory failure.?®
The possibility that reductions in CO, could be
maintained underlies the rationale for using NIV in
patients with chronic hypercapnic respiratory failure.
The concept that hypercapnia in stable COPD
patients, and thus hypoventilation, may be caused
by chronic muscle fatigue, is why it was suggested
to rest the respiratory muscles. Diaphragmatic
contractile dysfunction has also been documented,
even in the early stages of COPD.*° However, this
has not been confirmed in autopsy studies looking
at the remodelling of the diaphragm, although
fatigue-resistant fibres were seen more frequently in
COPD patients compared with controls.”

Patients with COPD are likely to develop nocturnal
hypoventilation, especially during rapid eye
movement (REM) sleep when upper airway tone
and accessory muscle activity is impaired. Nearly
half (42%) of the COPD patients in one study had
a >10 mmHg increase in PaCO, at night, resulting
in progressive resetting of respiratory control to
higher PaCO, values.** A low central respiratory
drive may also contribute to the development of
hypercapnia in COPD.

A number of potential mechanisms have been
proposed to explain the beneficial effects of NIV
in hypercapnic patients with COPD. One study
reported an increase in the central responsiveness
to CO,, which was associated with improved day
time blood gases, however, no change in
inspiratory muscle pressure was found.?* Other
possibilities include changes in lung mechanics,
improvement  in  ventilation/perfusion  (V/Q)
matching, recruitment of non-ventilated or
poorly-ventilated alveolar units, and decreased
pulmonary hypertension. However, this remains
a controversial area of research and has been for
more than 20 vyears, with all the mechanisms
proposed not being mutually exclusive and
having the potential to contribute to beneficial
effects to differing extents.®
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Table 1. NIV in chronic hypercapnic COPD: RCTs with duration =3months.
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*0oMWD: 6 minute walking distance; COPD: chronic obstructive pulmonary disease; CPAP: continuous
positive airway pressure; CRDQ: Chronic Respiratory Disease Questionnaire; EPAP: expiratory positive
airway pressure; FEV. forced expiratory volume in one second; h: hour; HRQoL: health-related
QolL; IPAP: inspiratory positive airway pressure; LTOT: long-term oxygen therapy; m: month; MRF-28:
Maugeri Foundation Respiratory Failure questionnaire; NIV: non-invasive ventilation; NR: not reported;
PaCO,: partial arterial carbon dioxide tension; pt: patient; QoL,: quality of life; RCT: randomised controlled
trial; REM: rapid eye movement; SC: standard care; SRI: Severe Respiratory Insufficiency questionnaire.

Long-Term NIV in Hypercapnic COPD:
Clinical Studies

The effects of adding chronic NIV to long-
term oxygen therapy have been assessed in a
number of studies (Table 1).2224283650 The most
commonly studied outcomes can be classified as:
physiological (gas exchange, lung function, and
respiratory mechanics), health-related (dyspnoea
relief, exercise tolerance, and health-related Qol),
and disease-related morbidity  (exacerbation
frequency and characteristics, hospitalisations,
intensive care unit admissions, and intubations).
To date, no clear effect of NIV on major outcomes
such as survival has been documented,?2-242836-43:45-50

A  number of positive effects have been
reported with use of NIV in patients with stable
hypercapnic COPD. These include: reductions
in  hypercapnia and hypoxaemia,??2>2835-4143-46
improvements in QoL24+475 and
neuropsychological function,®® reduced hospital
admissions and costs,?® improved benefit from
pulmonary rehabilitation,*®443 and a higher survival
rate.*® Details of the results from randomised,
controlled clinical trials with duration of 23 months
are shown in Table 1, and the findings of non-
randomised trials are shown in Table 2.

Critical analysis of the available data is appropriate
before any definitive decisions are made about
the use of NIV in stable hypercapnic COPD. The
difference in results between studies could be due
to a number of factors, including heterogeneous
patient populations (resulting from differing
inclusion/selection criteria), differences in ventilator,
ventilator settings and interfaces, and choice of
study endpoints (e.g. CO, reduction). Another
factor to consider is the relatively small number
of patients included in each of these studies
(Table 1). The conclusions of a recent meta-analysis
of data from seven randomised, controlled clinical
trials stated that no definitive conclusions can be
drawn regarding the effects of NIV because the
quality of evidence is only moderate as a result of
the small sample sizes.> Therefore, there is a need
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for studies in this area to enrol a larger number of
patients to provide more robust data.

One of the most significant unresolved issues in
the field of NIV for stable COPD is defining the
optimum ventilation strategy. Before concluding
that NIV has no beneficial effects, it is important to
confirm that effective ventilation has in fact been
delivered. Finding an appropriate physiological
target to guide the choice of ventilator mode
and settings has proven difficult; to date, this has
usually been defined as a specified decrease in
PaCO,. Studies that have utilised lower inspiratory
pressures (10-12 ¢cmH,O) have not reported any
beneficial effects of NIV on gas exchange or
pulmonary function.?®** Conversely, use of higher
inspiratory  pressures (16-22 c¢mH,0) in one
randomised, controlled trial was associated with
positive results for NIV, suggesting that higher
ventilating pressures might be more effective.
Data from a retrospective study using inspiratory
pressures of 17-40 cmH,O showed improvements
in hypercapnia and FEV, after 2 months, and a
2 year survival rate of 86%. However, there was
no control group and patients also received
daytime ventilation.>®

Adherence to NIV is also a factor which could
influence the outcome of therapy. The majority of
studies encourage patients to use NIV for at least
5 hours per night, and only randomised studies
advocating this level of therapy for at least 3 weeks
were included in one meta-analysis. However, the
overall finding was for a lack of significant effect
of NIV on lung function, gas exchange and sleep
efficiency, although improved walk distance was
noted in some patients.> It is interesting to note that
studies, which included in their protocol sufficient
time for familiarisation with NIV treatment, tended
to show greater benefits.245355

Although some beneficial effects of NIV on health-
related outcomes have been reported, the variety
of assessment tools used makes determination
of the overall effect of NIV on these parameters
very difficult. For example, dyspnoea has been

EUROPEAN MEDICAL JOURNAL



Table 2. NIV in chronic hypercapnic COPD: non-randomised trials.

Author, Date
Study type
Pt numbers

Study arms

Mean NIV use

Effects of NIV

Cost analysis in

Tuggey, 200328 patients with recurrent

13 pts and after domiciliary

NIV

exacerbations before -

*Use of NIV decreased costs by €11,720 per
patient per year

*Number of hospital admissions decreased
from 5to 2

*L_ength of hospital stay decreased from 78
to 25 days

Nava, 20014°
13 pts (NIV)
8 pts (rehab)

Nocturnal NIV
Rehabilitation

6.6 h/night

*Reduced resting PaCO, (associated with
decreased diaphragmatic effort)

*Acute reduction in PaCO, in the first
trial of NIV was a strong predictor of

the final outcome

COPD: chronic obstructive pulmonary disease; h: hours; NIV: noninvasive ventilation; PaCO,: partial arterial

carbon dioxide tension.

assessed using four different scales in different
studies. Similar differences have been documented
with respect to health-related QolL: studies that
have used instruments that are validated and
specific for chronic respiratory failure (such as
the Maugeri Respiratory Failure-28 (MRF28) and
Severe Respiratory Insufficiency questionnaires)
have found NIV to have a positive effect on
Qol, whereas trials utilising more general tools
(Short Form-36 and St George’s Respiratory
Questionnaire) reported no change or even
worsened QoL during NIV.2440464756 |t js being
increasingly  recognised that disease-specific
tools are more appropriate and useful in
COPD patients with chronic respiratory failure.>>%8

Long-Term NIV in Hypercapnic COPD:
the Practicalities

Despite a lack of consensus and large-scale
controlled clinical trial data, accumulating
evidence for the beneficial effects of long-term
NIV in hypercapnic COPD patients is starting to
be incorporated into clinical practice guidelines.
The UK NICE guidelines® state: “Adequately
treated patients with  chronic  hypercapnic
respiratory failure who have required assisted
ventilation (whether invasive or non-invasive)
during an exacerbation or who are hypercapnic
or acidotic on LTOT should be referred to a
specialist centre for consideration of long-term
NIV.”  This recommendation refers to a very
specific subgroup of patients with very severe
disease who are at the highest risk for mortality
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and are likely to benefit from NIV therapy as a
last resort.?2344260 |n these patients, NIV might
induce relative clinical stability by reducing
the likelihood of recurrent exacerbations and
hospitalisations. German invasive and non-invasive
ventilation guidelines® recommend long-term NIV
when PaCO, is >50 mmHg during the day, or >55
mmHg at night.

The Eurovent study showed that decisions
about when and how to start NIV in patients with
COPD are highly dependent on local guidelines
and each physician’s current clinical practice.5?
In addition, optimal ventilator settings for NIV
in patients with chronic hypercapnic COPD are
the subject of debate. It has been shown that
the empirical titration of NIV (i.e. based on the
clinician’s experience and judgment) may result
in worse patient/ventilator interaction and sleep
compared with physiologic titration (i.e. based on
recording of respiratory mechanics, with the goal
of reducing inspiratory effort by =50% and the
load imposed by the presence of intrinsic positive
end-expiratory pressure (PEEP) by 80%).5%65
Recently, high inspiratory pressures (=30 cmH,0)
and respiratory rates (20 breaths/minute) were
used to ventilate chronic hypercapnic COPD
patients in order to achieve maximal PaCO,
reduction.®® This approach, called high-intensity
NIV (HI-NIV), has been shown to improve
spontaneous diurnal blood gases to a greater
extent than the traditional approach using lower
pressures.® In a physiological study, HI-NIV was
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able to significantly improve PaCO, and work of
breathing compared with low intensity NIV.%®
However, marked reductions in cardiac output
and stroke volume might limit the application of
HI-NIV in patients with pre-existing cardiac
disease.®®* A long-term randomised study s
ongoing in Germany to determine the effect of

NIV targeting CO, reduction on long-term
survival.®’” There is a practical consensus that
patients with COPD who have substantial

daytime hypercapnia and superimposed nocturnal
hypoventilation are most likely to benefit from NIV.

Ventilator settings are often determined based
on gas-exchange parameters recorded during the
daytime and on patient-reported tolerance, but
NIV is usually applied in order to correct nocturnal
hypoventilation. Therefore, nocturnal monitoring
and/or alternative monitoring with the ventilator
software would be preferable to allow better

titration of NIV pressures, taking into account

sleep abnormalities.®®

CONCLUSION

NIV is currently used primarily for the management
of acute exacerbations of COPD. However,
accumulating evidence suggests that NIV also
has a role in the long-term management of
patients with stable hypercapnic COPD. Early
nocturnal NIV therapy in these patients may
reduce hospitalisation rates, improve Qol, and
reduce healthcare costs, but further research is
needed. It is expected that long-term NIV will be
most useful for hypercapnic COPD patients with
frequent exacerbations of disease. Co-morbidities
such as obesity or obstructive sleep apnoea (OSA)
might be further factors that support the use
of long-term NIV.
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ABSTRACT

Inhalation therapy remains the cornerstone of treatment for bronchial diseases. Despite being
pharmacologically efficacious, currently available inhaled drugs can have decreased real-life effectiveness
due to a variety of factors, including poor inhalation technique. Each device type has its own specifications
regarding the optimal way to use it, in terms of device handling and characteristics of the inhalation
manoeuvre. Poor inhalation technique is associated with decreased treatment effectiveness. Choosing the
optimal device, together with proper education, improves inhalation technique, adherence and outcomes
or effectiveness, but has to be performed regularly and rigorously, including visual checking of the patient’s
ability to use the inhaler. Some testing devices are also available, as well as various training materials. All
healthcare professionals caring for the patient can be involved provided that they have also been properly
trained. To optimise treatment effectiveness, healthcare providers should prescribe inhalation device(s)
optimised to the patient, accounting for the specific characteristics of each individual, his/her disease, and
involved healthcare professionals.

Keywords: Asthma, COPD, inhaler, metered-dose inhaler, dry-powder inhaler, technique, effectiveness,
education.

and anticholinergic bronchodilators and topical
corticosteroids) to be delivered directly to their
target receptors while minimising systemic exposure
and, thus, side-effects.34

INTRODUCTION

Asthma and chronic obstructive pulmonary disease
(COPD) are among the most frequently occurring
respiratory diseases and represent a major public

Several types of portable inhaler devices are now
health burden.? They are both pulmonary diseases,

available to administer inhaled drugs, and can be

064 RESPIRATORY ¢ October 2013

resulting from interactions between environmental
exposures and genetic predispositions. The inhaled
route is crucial for their treatment since it allows
pharmacological agents (currently, p2-adrenergic

classified in several ways. The first classification
differentiates: (1) propellant-driven pressurised
metered-dose inhalers (pMDIs), which include
standard (i.e. non-breath-actuated) devices, which
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can be used with spacers, and breath-actuated
pMDIs (BAls); versus (2) non-propellant-driven dry-
powder inhalers (DPIs), which can be multi-dose
(with an integrated reservoir) or single-dose (using
capsules). An alternative classification differentiates
devices that require accurate coordination between
triggering and inhalation (i.e. pMDIs without spacers)
and those that were developed to alleviate the need
for proper coordination, i.e. spacers, BAls and DPIs.>
Among pMDIs, devices delivering HFA-propelled
extra-fine particles have been developed. These
devices increase deposition in small airways and
reduce the influence of errors in coordination and
inhalation flow.%” Nebulisers are not discussed here
since they are considered as second line devices for
long-term treatment of asthma and COPD.'?

The important characteristics of the dose emitted
include the mass median aerodynamic diameter
(MMAD) and the fine particle dose (FPD). The
MMAD provides an understanding of the size of the
emitted particles, with those <5 um being the most
likely to be deposited into the airways. The FPD is
the amount of particles with a size <5 um.®

The effectiveness of inhaled treatments s
influenced by several factors, including: (1) their
efficacy, i.e. their positive effects when used under
optimal conditions, directly resulting from their
pharmacological properties; and, (2) the way they
are used, i.e. the appropriateness of prescription
and patients’ adherence and ability to use inhalation
devices. A systematic review of efficacy studies (i.e.
randomised controlled trials) performed a decade
ago did not find significant differences between
devices.® Usually, patients were highly trained

regarding their inhalation technique and those
who did not demonstrate correct use post-training
were excluded. Thus, the real-life effectiveness
of the various available devices is not known and
could be markedly influenced by the way they are
used. A systematic review, by Brocklebank et al.
in 2001, underlined the need for additional
studies aimed at determining whether some
differences between devices can be identified in
terms of effectiveness.® Some studies have been
conducted thereafter to address this issue.°"

Misuse of inhalers will prevent the pharmacological
agent from reaching its target, resulting in a
decreased effect.” The amount of drug depositing
in the lung depends on three factors: the drug
formulation, the technical characteristics of the
device (such as its external and internal design
and, for DPIs, the resistance to inhalation), and
the ability of the patient to handle it and inhale
properly (Figure 1).

Many studies have investigated the frequency
and consequences of inhaler misuse. Their results
support the major importance given to inhaler
technique as a determinant of treatment success.
However, only few guidelines address the issue of
inhaler technigue in detail.>® As a consequence,
several international groups developed a specific
interest for research and communication on this
topic, such as the Asthma Drug Management
Team  (ADMIT)  (http://www.admit-online.info/
en/), and the recently established Respiratory
Effectiveness Group (REG), (http:/www.
effectivenessevaluation.org/).

Device
(technical characteristics...)

Content
(pharmacological agent, excipients, propellant)

Adherence

Inhalation technique

Adequate particle size (MMAD) & respirable mass-fine particle dose

/

Appropriate treatment delivery

Figure 1. Basic principles in inhalation therapy: factors that influence the effectiveness of inhaled
medications. MMAD: mass median aerodynamic diameter. Fine/respirable particles: MMAD <5 um.
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Figure 2. Frequency of inhalation errors by device type. Data from three studies.’®2022

BASIC PRINCIPLES OF INHALER USE

The following steps of inhaler use are common to
all devices: (1) device preparation (shaking for some
pMDIs, adaptation to the spacer when required,
priming for BAls and reservoir DPls, capsule
insertion for single-dose DPIs); (2) exhalation
followed by deep inhalation (coordinated with
device triggering for pMDls); (3) breath-holding
(lasting at least 4 seconds); and, finally (4) normal
breathing lasting at least 30 seconds before
repetition of all these manoeuvres when a second
dose is required. With pMDIs and BAls, the drug
formulation is propelled by the pressurised gas
contained in the cartridge when the device is

actuated, either manually (pMDls) or
automatically when inhalation begins (BAls).
Therefore, the main initial driving force
is propulsion by the pMDI device and, as

such, the inhalation needs to be slow. In contrast,
when wusing DPls, the only driving force is
inhalation. The formulation of a DPI is broken up
(de-aggregated) during the first part of each
inhalation into particles that have characteristics
suitable for deposition into the lungs (i.e. a
diameter of <5 um). This break-up is caused by
a turbulent force that is generated inside the DPI
by the interaction between the patient’s inhalation
and the resistance of the device. Each DPI has its

own resistance ranging from low to high.> To obtain
a set inhalation flow with higher resistance,
the patient needs to use a more forceful initial
inhalation* Hence, compared to a pMDI, the
inhalation manoeuvre from a DPl needs to be
forceful, which many translate to ‘as fast as you
can’. Since the break-up of the dose occurs in the
first part of the inhalation, the instruction with a
DPI is ‘forceful from the start’. Together with the
intrinsic aerodynamic properties of drug particles,
this explains why inhalation should preferentially be
slow with pMDIs (especially to limit oropharyngeal
impaction), while it has to be fast from the beginning
with DPIs®"” These inhalation manoeuvres are
required to provide ideal inhalation flows of 30 L/
min for pMDIs and between 30-90 L/min for DPIs.
Finally, to ensure good penetration into the lungs, a
deep inhalation manoeuvre is required and is usually
defined as lasting at least 4-5 seconds.

FREQUENCY AND DETERMINANTS OF
INHALER MISUSE

All studies in this area agree on a high proportion
of misuse among patients with asthma or COPD,
even in those who had been exposed to devices for
long periods.®2?> However, the frequency of misuse
for each particular type of device varies between
studies, depending on the studied population and
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on the criteria used to define proper technique.
Figure 2 combines results from some of these
studies. Altogether, standard pMDls are definitely
the devices with the highest proportion of errors,
but misuse is also frequent with the other types
of devices; these have been developed to limit
the impact of poor coordination but still need
proper preparation, inhalation and breath-holding.
Preparation errors relate, for example, to improper
device priming manoeuvres including improper
device position. Thus, none of the devices currently
available can be considered as ‘ideal’ in that
all require some patient skill. As a consequence,
training is always required to ensure adequate
patient education about specific handling
requirements, as well as on the inhalation technique
per se’®

Some patients appear to be at higher risk of
poor inhalation technique.???* Some risk-factors
relate directly to the patient, these include:
extreme ages (i.e. young children and the
elderly), very severe airflow obstruction, cognitive
dysfunction, motor handicap of the upper
extremities, and co-morbidities such as stroke
etc. In addition, patient preference could be
associated not only with compliance but also with
inhalation technique.®* Other risk factors relate
to the prescription and delivery of the treatment:
patients who are simultaneously prescribed
different types of devices (e.g. a pMDI and a DP)?
tend to use their devices less appropriately than
those using a single device type (although some
controversial data on this topic have been published
in children),?®® and device switching without a
face-to-face review is associated with worsening
of asthma control.?” The last group of risk factors
relates to measures that should accompany the
prescription: patients are to be trained on the optimal
way of using their device, and inhalation technique
has to be checked regularly. Virtually all healthcare
professionals can be involved in patient training and
follow-up regarding inhaler technique: primary care
physicians, lung specialists, pharmacists, nurses, and
physiotherapists. Since healthcare providers’ skills
and knowledge of inhalers can also be poor, they
require training on correct inhaler handling.?®

IMPACT OF INHALER MISUSE ON
TREATMENT EFFECTIVENESS

Clinical consequences of poor inhalation technique
have been studied mostly in asthma, where it is easier
to explore links between inhaler use and control.

RESPIRATORY ¢ October 2013

Such studies are more difficult in COPD due to the
very progressive nature of the disease and relatively
small magnitude of observable treatment effects in
the short-term.

It has long been known that pMDI misuse decreases
the amount of drug deposited in the lungs and
that, in patients with poor coordination, deposition
can be improved by the use of spacers, BAls or
DPIs.® Corresponding studies used mostly
scintigraphy with Technetium-radio-labelled
particles as a means to provide images showing
the level of deposition in the device, throat,
lungs, and stomach.3® Others have measured
blood levels of administered drugs or their
metabolites, blocking digestive absorption with
charcoal so that systemic exposure results from
lung absorption only, which directly correlates with
lung deposition.® It has also been demonstrated
that the magnitude of bronchodilation, obtained
by P2-agonists, decreases in poor users.*? Finally,
more recent studies managed to show a link
between poor inhaler technique and poor asthma
control’®%35 In one of these studies, a “dose-
dependent” relationship was even found between
the number of errors in pMDI use and the level
of control (named “instability” at that time).®
Asthma control was worse in poor pMDI users
and, among errors in inhalation technique, poor
coordination had the greatest impact on control.
More recently, these authors found a triangular

relationship  between control, adherence to
treatment and inhaler technique.?®* Poor inhalation
techniqgue and poor compliance were both

independently associated with control, the other risk
factor for poor control in that study being smoking.

Altogether, these results show that inhalation
technique should belong to the systematic
check-list when assessing a patient with insufficient
asthma control, together with smoking status,
other environmental exposures (to allergens or
irritants), body mass index, adherence to treatment,
associated diseases, or an alternate diagnosis
(gastro-oesophageal reflux, COPD, hyperventilation
syndrome, vocal cord dysfunction, congestive
heart failure, vasculitis, allergic bronchopulmonary
aspergillosis).3&3’

COMBATTING INHALER MISUSE TO
IMPROVE TREATMENT EFFECTIVENESS

Three directions can be followed to decrease
the frequency and consequences of poor
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inhalation technique: research to improve inhalers,
training patients and doctors, and individualising

inhaler choice.

Developing the ‘Ideal Inhaler’

The ideal inhaler would be user-friendly, delivering
optimal respirable amounts of drugs irrespective
of the prescriber and patient’s skills, without any
need for external supervision and independently
of environmental conditions. More realistically, it
should have the characteristics described in Table
1. To date, none of the currently available inhalers
can be considered as ‘perfect’ regarding all these
characteristics. All need some training and regular
checking of inhalation technique. However, some
new inhalers try to simplify required manipulation.
It must also be noted that most devices still
do not deliver all pharmacological classes of
respiratory drugs. Thus, the choice of the prescribed
pharmacological agent restricts (and can be
restricted by) the number of devices that can
be proposed.

Checking and Training

Several observational studies have shown that
training patients on inhaler use improves not
only inhalation technique but also adherence to
treatment and, most importantly, disease
control.®33383 Most of these studies are purely
observational with a ‘before-after’ design, and
include only patients with asthma. Only a few
specifically recruited patients with COPD, in
whom similar improvements were demonstrated.®

Interestingly, one observational study found that
control improved only in those patients in whom
inhaler technique improved following training
by pharmacists, suggesting that the effect of
training on control is actually determined by its
effect on inhaler technique.®® Similar results were
very recently found in COPD patients.*® However,
it has also been shown that the effect of training is
inconstant and sometimes transient.*

Several tools and strategies can be used to provide
training: visits to health care professionals using
placebo demonstration devices or the patient’s
own device, video demonstration of adequate
and incorrect technique, tele-counselling,*> and
web-based programs.*®* As mentioned above, all
healthcare professionals should be involved in
this training process: primary care physicians,
lung specialists, nurses, physiotherapists, and
pharmacists. The choice of tools and involved
professionals often depends on local availability
and organisation. It is also of utmost importance to
educate professionals properly in the first place*
and then repeat training regularly.

In all cases, it must be outlined that providing
patients with written material (such as brochures
and leaflets) is not sufficient. A critical step in
education is the regular observation of the patient
using his/her inhaler. The other major step is the live
demonstration of proper technique when necessary,
followed by repeated observation of the patient’s
ability to correct his/her technique. Simply asking
the patient whether he/she has difficulties using his/
her inhaler does not provide reliable information.?

Table 1. Theoretical characteristics of the ideal inhaler.

Criteria

Device and inhalation technique characteristics

General appearance

User-friendly

Priming

None

Coordination between triggering and inhalation

Not required

Effect of errors in inhalation technique

None

Dose consistency

Perfect, independently of environmental conditions
(temperature, humidity etc) and inhalation manoeuvre

Dose counter

Present, based on actual inhalation rather than
manipulation

Perception of drug delivery

Clear perception (but not based on unpleasant
sensations such as bad taste)

Feedback

Confirmation that a dose has been inhaled,
technigue used was correct
Reminder about adherence

EUROPEAN MEDICAL JOURNAL



Of note, some testing and training devices have
been developed to help healthcare professionals
check inhalation technique and train patients!>#
They are known to improve inhalation technique,
but their cost-effectiveness remains unknown at
present. In addition, no study has investigated the
effect of training or the most desirable training
method/tool in situ over a prolonged period of time.

Personalising Device Choice

Patients with asthma or COPD do not all require
the same treatment, and do not all have the same
skills and preferences. Therefore, tailoring the
treatment to each specific patient is of utmost
importance.®#>4° Several factors have to be taken
into account when selecting a specific inhaler
device for each patient. These factors can be
categorised in four ways: (1) Patient-related factors,
including (i) age and ability to inhale consciously,
handle the device and coordinate the use of the
device and the inspiratory effort, (ii) patient’s
preference, (iii) adherence and compliance,
(iv) language and literacy, and (v) presence of
comorbidities that could be aggravated by some
respiratory treatments. (2) Disease-related factors,
since (i) severe and/or acute airflow obstruction
may compromise the ability to generate an
adequate inspiratory flow and (ii) therapeutic
strategy and indications are not the same for
asthma and COPD. (3) Device-related factors,
as the optimal inhalation profile differs between
pMDIs (slow inspiration is preferable) and DPls
(forceful high-flow inhalation is not required,
with fast acceleration especially for reservoir
devices). For example, observational comparative
effectiveness studies suggested that BAls and
standard pMDIs (using HFA-propelled extra fine
particles with a size of approximately 1 um) could
improve treatment effectiveness as compared
to standard metered-dose inhalers,”® due to the
more limited influence of errors in coordination/

inhalation technique on lung deposition with these
devices.®” Finally, (4) Caregiver-related factors,
accounting for the availability and knowledge
of professionals involved in information and
education (general practitioners, specialists, nurses,
physiotherapists, pharmacists).

In addition, the multiplication of inhalation
devices and corresponding instructions should
be avoided since it can be a source of confusion
for healthcare providers who are not specialised
in the respiratory area, such as many primary care
physicians, even though they care for the majority of
patients with asthma or COPD.

CONCLUSIONS

The inhaled route remains crucial for the treatment
of bronchial diseases. However, drug deposition
and subsequent treatment effectiveness are
highly dependent on inhalation technique, which
is incorrect in many patients with asthma and
COPD. Many inhalation devices are available and
others are currently being developed with the
aim of simplifying required handling, and thus
improving treatment safety. Nonetheless, at present,
proper training and regular checking of inhalation
technique remain critical to optimise treatment
effectiveness. Involved healthcare professionals
have to be adequately trained before providing
this service. Various educational tools can be
used including videos, web-based platforms, and
tele-counselling. Optimising treatment effectiveness
also requires tailoring the drug-device combination
chosen for each individual patient, based on
his/her individual characteristics, the specific disease
and its severity, the characteristics of devices, and
the skills of involved healthcare professionals. There
is a need for long term effectiveness studies to
identify the training methods/tools that should be
used for each inhaler.
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ABSTRACT

Emphysema is a progressive, debilitating disease characterised by irreversible destruction of lung
tissue. The gas trapping within the destroyed alveoli, and resultant hyperinflation, render conventional
medical treatment generally of limited benefit, especially in the advanced stages of the disease. Utilisation
of bronchoscopic techniques for achieving lung volume reduction has advanced over the past years.
Amongst these, lung volume reduction using coils (LVRC) is a promising option. The LVRC are made
from preformed Nitinol wire with shape memory. They are bronchoscopically delivered into the desired
sub-segmental bronchus and recover to a pre-determined shape upon deployment. Published data so
far, with endpoints being safety and feasibility, are promising. The procedure itself seems to be technically
feasible and results in significant improvements in pulmonary function, exercise capacity, and quality of
life sustained during the follow-up period, and with an overall acceptable safety profile. Current ongoing
studies further investigate the feasibility, safety, and efficiency of LVRC. Future research is necessary in
order to elucidate whether the patient selection criteria and methodology currently used are amenable to
improvements, and to establish the duration of benefit and its cost-effectiveness when compared to optimal
medical treatment, before applying this treatment into routine clinical practice.

Keywords: Chronic obstructive pulmonary disease, emphysema, bronchoscopy, lung volume reduction coils.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD)
continues to be a significant cause of morbidity,
mortality, and healthcare costs worldwide. As the
global population ages, the burden of COPD will
increase in years to come. Due to the number of
current and new smokers, emphysema affecting
COPD patients is also expected to remain a leading
cause of morbidity and mortality! The overall
prevalence of stage Il or higher COPD is 10.1%,

The destroyed alveolar tissue results with disease
progression in a decrease in lung elastic recoil,
hyperinflation, and gas trapping due to premature
closure of the small airways of the affected lung
tissue. The gas trapping and resultant hyperinflation
render conventional medical treatment, consisting of
bronchodilators and anti-inflammatory medications,
generally of limited benefit, especially in advanced
stages of the disease.®
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11.8% for men, and 8.5% for women, with a pooled
prevalence of emphysema ranging close to 2%.23

Emphysema is a progressive, debilitating disease
that is characterised by irreversible destruction
of lung tissue as a result of inflammation. This
inflammation is caused in most patients by exposure
to noxious inhaled agents for extended periods of
time, the most common being cigarette smoke.*

TREATMENT OPTIONS

For COPD patients with severe emphysema,
therapeutic options are still limited. Lung volume
reduction surgery (LVRS) has been applied as
a palliative treatment in selected patients, but
although the concept was excellent, the referral of
patients has been severely influenced by significant
perioperative death and complications.®®
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Over the past decade, there have been significant
improvements in the field of interventional
pulmonology, and progress has been made in
utilising less invasive techniques for achieving
the desired Ilung volume reduction. Different
techniques are currently available. Amongst these
endoscopic lung volume reduction (ELVR) treatment
methods, the one-way valve placement is the most
widespread so far®®™ These valves allow air to
escape from the distal lung without ‘fresh’ air
entering the segment during inspiration. Total
occlusion of the target lobe is desired, and the
best results of lung volume reduction are achieved
when total atelectasis is evident after the
procedure. In order for a patient to be suitable for
ELVR with valves, radiologic evidence of an intact
fissure, as a marker for lack of collateral ventilation,
is required. Absence of intact fissures will inhibit
volume reduction of the treated lobe, indicating
the need for ELVR treatments that work
independently of collateral ventilation.*”®> Treatment
with lung volume reduction coils (LVRC) overcomes
this limiting factor and might serve as an alternative
choice in this specific group of patients. The aim
of this review is to quote the ELVR technique by
means of LVRC.

LVRC AND THE LVRC PLACEMENT
PROCEDURE

The LVRC are made from preformed Nitinol
wire with shape memory (Figure 1a). They are
bronchoscopically delivered straight into the desired
sub-segmental bronchus and recover to a non-
straight, pre-determined shape upon deployment.
A possible mechanism that explains how coils
work, is by mechanically bending the airway and
compressing the diseased lung parenchyma. In
this manner, the coil seems to cause tension in the
surrounding tissue, increasing elastic recoil and
possibly redirecting air to healthier portions of the
lung. LVRC exist in three different sizes (100, 125, and
150 mm) to accommodate differently sized airways.

Going through the whole procedure in greater detail,
the LVRC placement requires a specific delivery
system. This delivery system consists of a guide
wire, a delivery catheter, a cartridge, and forceps.
First, the airway in the selected segment is identified
bronchoscopically and the low stiffness guide wire
is advanced into the airway under fluoroscopic
guidance. The catheter is passed over the guide
wire and aligned with its distal tip at approximately
15 mm from the pleura. The length of the airway is

Figure 1a.

Figure 1b.

Figure 1a. RePneu® Lung Volume Reduction Coil.

Figure 1b. RePneu® Lung Volume Reduction Coil, straightened in cartridge.
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measured using radiopaque markers on the guide
wire and the desired LVRC length is chosen. The
guide wire is then removed and the catheter stays
in place. Using the forceps, the endoscopist grasps
the LVRC by its proximal end and passes it through
the cartridge, which results in the LVRC acquiring a
straight form (Figure 1b). The straightened LVRC is
then loaded into the distal end of the catheter by
coupling the cartridge to the catheter’s hub and
the LVRC is then introduced further distally through
the catheter with the help of the forceps and under
fluoroscopic guidance. Next, the catheter is removed
while the proximal end of the LVRC is held in place
with the forceps. As the catheter is pulled back, the
LVRC assumes its preformed shape, bending the
airway and attached parenchyma with it. Finally,
the LVRC is released from the forceps and the
bronchoscope and forceps are removed (Figure 2).
These steps are then repeated in the same sequence
for every LVRC to be placed. In the literature, it is
mentioned that it is possible to remove or reposition
the LVRC by reversing the implantation process,”®
but to our knowledge this can be difficult.

Bronchoscopy can be done under moderate
sedation or general anaesthesia according to
patient requirements and local practice. Antibiotic
prophylaxis according to standard protocols is also

Figure 2. Chest X-ray after bilateral coils insertion.
Courtesy of Prof C.P. HeuBel.
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common, usually for a total of 7 days. Following
recovery from anaesthesia patients must stay in
hospital for 1-3 days for observation. Possible post-
procedural side-effects, so far observed, include
mild to moderate haemoptysis, chest pain, cough,
pneumothorax, COPD exacerbation, and pneumonia.

PUBLISHED DATA

LVRC is a relatively new therapeutic approach and
published data so far is meagre. In the first pilot
study published, Herth FJ et alV included 11
patients with severe predominantly homogeneous
(8 patients) or heterogeneous (3 patients)
emphysema and incomplete fissures bilaterally,
whose most diseased areas were treated by insertion
of coils. These 11 patients underwent a total of 21
procedures. Inclusion and exclusion criteria were
modelled on the National Emphysema Treatment
Trial (NETT) study and are included in Table 1. The
primary endpoints were safety and feasibility, and
the secondary endpoints were efficacy outcomes.
Safety was measured by the analysis of adverse
events. Owing to the sequential treatments and
operator discretion, all patients had a total follow-
up time of at least 7 and up to 11 months. Each of
the 33 adverse events which occurred during the
follow-up period, were categorised by severity
[mild (36%), moderate (64%), or severe (0%)] and
by relationship to device or procedure [not related
(42%), possibly related (58%), or probably related
(0%)] by the treating physician. Adverse events, rated
as possibly related to either the procedure or the
device were dyspnoea (10 events), cough (5 events),
COPD exacerbation (3 events), and chest pain
(1 event). No pneumothorax was noted. Although
the study was neither intended nor powered to
analyse effectiveness, some interesting trends have
emerged, with the predominantly heterogeneous
disease group appearing to show substantial
improvements in pulmonary function, lung volumes,
6-minute walking test (6MWT), and quality-of-life
(QoL) measures.

The study that followed was a prospective cohort
pilot study from Slebos DJ et al.®* NCT01220908,
in which 16 patients were treated (4 unilaterally
and 12 bilaterally). This time, the safety and efficacy
of LVRC treatment was assessed in patients with
severe heterogeneous emphysema, which were
followed up for 180 days. Table 1 comprises the
inclusion criteria. For safety assessment, all adverse
events that occurred were reported. Consequently,
they were divided into those occurring during the
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Table 1. Main inclusion criteria for three published studies on LVRC treatment of emphysema.

Herth FJ et al.”

Slebos DJ et al.’®

Shah PL et al.?*

on HRCT

Age =35 years N/A =35 years
Homogenous/heterogeneous _

emphysema on HRCT e /+ +/*
Unilateral/bilateral emphysema o/ ) o)+

FEV1 post-bronchodilation

<45% pred

<45% pred

<45% pred

TLC

>100% pred

>100% pred

>100% pred

MMRC score (scale 0-4) >2 >1 =2
Ex-smoker =8 weeks >8 weeks =8 weeks
Informed consent + NA +

HRCT: high resolution computed tomography scan, FEV1: forced expiratory volume in the 1 sec, TLC: total
lung capacity, mMMRC: modified Medical Research Council dyspnoea scale, pred: predicted.

first 30 post-procedural days, rated as possibly
related to either the device or the procedure, and
those occurring during the follow-up period from
1 to 6 months. In the first instance, the events
reported were pneumothorax (1 event), pneumonia
(2 events), COPD exacerbation (6 events), chest pain
(4 events), and mild haemoptysis (21 events). In the
second instance, pneumonia (3 events) and COPD
exacerbation (14 events) were reported. All events
resolved with standard care. Concerning efficacy,
the primary variable assessed was any change in
respiratory-related QoL, as estimated by St George’s
Respiratory Questionnaire (SGRQ); a significant
improvement of 14.9 points (£12.1 points, p=.005),
and a total score was reported at 6 months compared
to baseline. Additionally, pulmonary function testing
(PFT) and 6MWT were performed and the initial
improvements observed were sustained throughout
the 6 month follow-up period with a A forced
expiratory volume in 1sec (FEV 1) of +14.9% (+17.0%),
A functional vital capacity (FVC) of +13.4% (£12.9%),
A residual volume (RV) of -11.4% (£9.0%), and a A
O6MWT +84.4 m (x73.4 m), with more than 50% of
the patients improving to above the minimal clinical
important difference (MCID) for FEV1”® 6MWT,2%-2
and SGRQ.% (Table 2)

The most recently published trial, up to August
2013, is a prospective, randomised, multicentre trial
from Shah PL et al.,** which recruited 47 patients
with severe emphysema from three centres in the
UK. Patients in this study were randomly allocated
in a 1:1 ratio to either LVRC treatment (treatment

RESPIRATORY ¢ October 2013

group, 23 patients) or best medical care (usual care
group, 24 patients). Inclusion criteria are provided
in Table 1. To the patients of the treatment group,
LVRC were inserted into the selected lobe or lobes
as previously described. Subsequently, patients
were reassessed after 1 month, with stable patients
(patients with no substantial deterioration of
symptoms and on routine medications for at least
14 days) undergoing treatment of the contralateral
lung. Treatment group patients were followed
by clinic visits at 30 and 90 days after second
treatment. The usual care group underwent similar
initial clinical assessments and clinic visits to
coincide with the two treatment visits. The primary
endpoint of the study was the difference in response
in the SGRQ between treatment and usual care
groups at 90 days after final treatment. Secondary
endpoints were changed from the baseline for
percentage of change in FEVT, Total Lung Capacity
(TLC), RV, 6MWT, and modified Medical Research
Council dyspnoea scale (mMMRC). The safety
outcome of the study was to identify any potential
procedure-related and device-related adverse
events at 90 days after final treatment. During the
initial treatment recovery period (initial 30 days
after each treatment or usual care visit), six
serious adverse events (2 exacerbations of
COPD, 2 pneumothoraces, which responded
quickly to intercostal drainage, and 2 lower
respiratory tract infections, a total of 15%
incidence) were reported in the LVRC group and
one in the usual care group (4% total incidence).
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Table 2. Results of three published studies on LVRC treatment of emphysema.

Primary endpoints

Secondary endpoints

Herth FJ et al.”
11 patients treated with LVRC

90 days follow-up

Safety:
Total of 33 adverse effects;

36% mild, 64% moderate, 0%
severe; 0% probably related to
device or procedure, 58%
possibly related, 42% not related.

Efficacy (APFT, AmMMRC, ASGRQ):

Patients with heterogeneous
emphysema trended to achieve
better outcomes. The study was
neither designed nor powered to
evaluate statistical significance.

Slebos DJ et al.”®
16 patients treated with LVRC

30 days follow-up

Safety:

- pneumothorax, 1 event

- COPD exacerbation, 6 events
- chest pain, 4 events

- mild haemoptysis, 21 events

Efficacy (APFT, ASGRQ, A6MWT)*:

AFVC%: + 17.0£14.9, p=.002
AFEV1%: + 22.6+21.7, p=.004
ARV%: -12.4%£9.0, p<.001
ARV/TLC%: -8.2+71, p=.002
ASGRQ: -12.2+13.5, p=.009
ABMWT%: +29.8+0.4, p=.006

180 days follow-up

- pneumonia, 3 events
- COPD exacerbation, 14 events

AFVC%: +13.4£12.9, p=.002
AFEV1%: +14.9417, p=.004
ARV%: -11.4%9.0, p<.001
ARV/TLC%: -8.0+5.5, p<.001
ASGRQ: -14.9%12.1, p<.001
ABMWT%: +2.91£36.3, p<.005

Shah PL et al.?*

90 days follow-up

[ 2 patient groups:
Treatment group (23 patients
assigned to LVRC treatment)
Control group (24 patients
assigned to control, usual
care)]

Between group difference in
SGRQ change from baseline®
(intention to treat analysis):

-8.36 (-16.24 to -0.47),
p=0.04

Between group difference in PFT,
6MWT, mMRC changes from base-
line® (intention to treat analysis):

TLC: -0.11 (-0.29 to 0.07),

p=0.22

RV: -0.31 (-0.59 to -0.04),
p=0.03

6MWT: 63.55 (32.57 to 94.53)
p<0.001

% change in FEV: 10.62 (1.12 to
20.12), p=0.03

mMMRC: -0.15 (-0.60 to 0.30) p=0.5

*Data are presented as change from baseline +SD.

°Corrected for difference between groups at baseline.

LVRC: lung volume reduction coils, PFT: pulmonary function testing, COPD: chronic obstructive
pulmonary disease, 6MWT: 6-min walking test, SGRQ: St George’s Respiratory Questionnaire,
PFT. pulmonary function testing, FEV1. forced expiratory volume in 1 sec, FVC: functional vital
capacity, TLC: total lung capacity, RV: Residual Volume, mMRC: modified Medical Research Council
dyspnoea scale.
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During the next 2 months, and until completion of
the follow-up, three serious adverse events were
reported in the treatment group and three in the
usual care group (exacerbations and lower
respiratory tract infections). The results of the
analysis included a statistically and clinically
significant improvement of SGRQ score (-8.11
[-13.83 to -2.39]) as well as in 6MWT (5115 m
[27.65 m to 74.66 m]) and improvement in the
percentage of change in FEV1 (1419 [6.84 to
21.55]) and reduction of RV (-0.51 L [-0.73 L to
-0.30 L]) at 90 days after final procedure. For
further results see also Table 2. In all parameters,
the changes were greater in the LVRC group than
in the usual care group. There was no significant
between-group difference observed in the change
in mMMRC, TLC and also in serious adverse
events occurrence.

ONGOING STUDIES

Currently there are several new trials ongoing, or
which have recently been completed, that address
some of the issues mentioned above. Their data
and conclusions should be considered to be
preliminary until they have been published
in a peer-reviewed journal. Amongst them, a
single-arm, open-label study has been recently
completed (NCT01421082) which  evaluates
physiologic  parameters directly related to
the possible mechanisms of action of LVRC
in subjects with homogeneous emphysema.
Relative data have been published in abstract
form.?> Several multicentre studies from Germany,
France, and the Netherlands have been recently
completed (NCTO01328899), or are currently
recruiting participants (NCTO01822795),
(NCTO01806636), with primary outcomes aiming
to validate the safety and clinical efficacy of LVRC
as well as its cost-effectiveness. The RENEW
study (NCTO1608490), a multicentre, randomised,
assessor-blinded controlled study of safety and
effectiveness of LVRC is expected to follow-up
315 participants from USA and Europe for 1 year.
Some of the latest results from research concerning
LVRC, presented as abstracts at the European
Respiratory Society Congress (2013), further focus
on elucidating the mechanism of coils” action,
probably by improving lung compliance® and also
prove its efficacy in patients with homogeneous
emphysema; efficacy sustained for longer periods
of time, up to 1 year, both in patients with
heterogeneous and homogeneous emphysema
has been also addressed.?®? |n heterogeneous
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emphysema and bilaterally incomplete fissures,
unilateral LVRC showed improvement in exercise
capacity, QoL and PFT at 90 days with a tendency
to decrease at 6 months post intervention.?®

DISCUSSION

The above studies show that LVRC, as a novel
therapeutic approach of patients with advanced
COPD and severe emphysema, seems so far to
be promising due to its safety and feasibility. The
procedure itself is technically feasible and results
in significant improvements in pulmonary function,
exercise capacity,and QoL, with an overall acceptable
safety profile.

In emphysema patients, as the disease progresses,
the lung becomes too large and can neither expand
fully nor function effectively within the rigid chest
cavity, and this increasing hyperinflation results
in reduced exercise capacity. Furthermore, the
respiratory muscles are forced to contract at a
mechanical disadvantage and consequently, the
work of breathing is increased, leading to patients
experiencing gradually deteriorating shortness of
breath, limited exercise capacity and decreasing
quality of life.?®* As Shah et al.* pointed out in the
RESET trial, the beneficial effects of LVRC could be
explained, due to regional compression of the lung
and subsequent expansion of better functioning
areas of the lungs, and also due to the
re-establishment of tethering in the small airways,
which improves elastic recoil of the lung. This
results in more efficient support of the walls of the
small airways, holding them open and preventing
premature collapse or narrowing during expiration,
resulting in gradual release of trapped gas.
This mechanism would also reduce dynamic
hyperinflation, explaining the improvement in
exercise capacity that has been observed.

Further research is necessary in order to
elucidate whether the patient selection criteria
and methodology currently used are amenable
to improvements. It is also essential to elucidate
whether the positive results of LVRC treatment
that we have so far, are consistent amongst larger
groups of patients, and to also possibly determine
which subgroups of patients will have the best
outcomes. To date, post-intervention follow-up has
been short and long-term results are still not
known. We need to establish the duration of
benefit and also its cost-effectiveness, when
compared to optimal medical treatment before
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applying this treatment into routine clinical practice.
LVRC treatment remains currently an expensive

procedure, performed in highly specialised centres
from experienced bronchoscopists.
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ABSTRACT

Chronic obstructive pulmonary disease (COPD) is often accompanied by other chronic diseases
associated with systemic inflammation, such as chronic heart failure, diabetes, and atherosclerosis.
Nocturnal oxygen desaturation waxing and waning plays a central role in conditions leading
to systemic inflammation in COPD obese patients. Obesity and metabolic syndrome (MetS)
represent two different metabolic abnormalities that may be linked by the presence of
underlying systemic inflammation. Alveolar hypoxia and consequent hypoxaemia increase in
prevalence as the severity of COPD also increases. Chronic hypoxaemia contributes to the
development of adverse sequelae of COPD such as pulmonary hypertension (PH),
secondary and systemic inflammation. The innovation of COPD phenotyping is defined
as COPD desaturators. These sleep-related changes predispose to nocturnal cardiac
dysrhythmias, PH and potentially nocturnal death, particularly during acute exacerbations.
In patients with COPD, systemic inflammatory phenotype likely reflects pulmonary inflammation,
which results from lung-to-plasma spillover of inflammatory mediators. However,
obesity-related hypoxia evokes local inflammatory response within adipose tissue per se, and
systemic hypoxaemia likely contributes to the presence of adipose tissue inflammation.
The nocturnal hypoxic insult occurring during sleep-disordered breathing may also contribute to
chronic  vascular remodelling. Consequently, these mechanisms may result in endothelial
dysfunction and vascular damage, leading to increased risk of PH in COPD. In patients with
COPD and concurrent obesity, we have proposed that three factors can play a role in the
systemic inflammatory syndrome: the severity of pulmonary impairment, the degree of
obesity-related adipose tissue hypoxia, and the severity of systemic hypoxia due to reduced
pulmonary function.

Keywords: Chronic obstructive pulmonary disease (COPD), metabolic syndrome (MetS), oxygen
desaturation waxing and waning, pulmonary hypertension (PH).
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INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is
a complex, multi-factorial, heterogeneous disease,
whose clinical and functional presentation greatly
varies from patient to patient, despite similar degree
of airflow limitation."> Comorbidities such as chronic
heart failure, cardiovascular disease, depression,
diabetes, muscle wasting, weight loss, lung cancer,
and osteoporosis can frequently be found in patients
with COPD and are considered to be part of the
commonly prevalent non-pulmonary sequelae of
the disease.®* Sleep-disordered breathing and
COPD are among the most common pulmonary
diseases. The severity of COPD also influences the
degree of oxygen desaturation. The lower the FEV1/
FVC ratio (£70%), the more likely that significant
desaturation occurs during sleep.>® Systemic
inflammation is considered a hallmark of COPD and
one of the key mechanisms that may be responsible
for the increased rate of comorbidities, including
cardiovascular complications, obstructive sleep

apnoea syndrome (OSAS), muscle dysfunction,
osteoporosis, clinical depression, and anxiety.”®
The metabolic syndrome (MetS) was assessed
according to International Diabetes Federation
criteria (Table 1). Recently, the correlation between
MetS and COPD has been confirmed, MetS being a
risk factor for increased number of exacerbations
in COPD patients due to the shared inflammatory
cytokine burden.®© A high prevalence (61%) of
MetS was found in COPD patients participating in
a respiratory study, while another study reported a
lower prevalence (44%) in patients without COPD."?

This brief review focuses on COPD and nocturnal
hypoxaemia with obesity and MetS that can be the
cause of systemic inflammation. In patients with
COPD and concurrent obesity and MetS, we propose
(Figure 1) that at least three factors play a role in
the systemic inflammatory syndrome: the severity of
pulmonary impairment, the degree of obesity-related
adipose tissue hypoxia, and the severity of systemic
hypoxia due to reduced pulmonary functions.

Table 1. Different inflammatory mechanisms involved in COPD/disease process/obesity and comorbidities.

obstructive pulmonary disease (COPD).

Epidemiological data suggest that nocturnal symptoms and nocturnal oxygen desaturation with
1 | symptomatic sleep disturbance is common, and may exceed 43% among patients with chronic

2 COPD patients with a T,, 230% with mean nocturnal SaO, <90% and a Nadir SatO, <85% are
defined as desaturators (D); all others are defined as non-desaturators (ND).

of nocturnal respiratory events.

Nocturnal oxygen desaturation waxing and waning in COPD patients is a major inflammmatory
3 |stimulus: the desaturation-reoxygenation sequence is a typical pattern coupled with the majority

4 |1t has been shown that 50% of COPD patients have one or more MetS defining criteria.

5 [ Obesity is diagnosed when body mass index is =30 kg/Mz2.

diagnosed type 2 diabetes.

Metabolic syndrome (MetS) defining criteria are: central obesity (waist circumference: men =94 cm;
women =80 cm); plus any two of the following four factors: triglyceride levels =150 mg/dL; high-
6 |density lipoprotein cholesterol levels of <40 mg/dL in men and <50 mg/dL in women; systolic BP
=130 mm Hg or diastolic BP =85 mm Hg; fasting plasma glucose levels of =100 mg/dl or previously

capillary bed.

The principal contributor to hypoxaemia in COPD patients is ventilation/perfusion (V/Q) mismatch
7 |resulting from progressive airflow limitation and emphysematous destruction of the pulmonary
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the pathophysiological effects of chronic nocturnal hypoxaemia and obesity in

SLEEP FREQUENTATION IN COPD

Nocturnal Oxygen Desaturation Waxing-
Waning with Hypoxic Vascular Remodelling
and Pulmonary Hypertension

Patients with COPD may experience changes in
sleep and clinical symptoms. Evidence indicates that
as many as 43% of patients with chronic bronchitis
or emphysema have sleeping difficulties”® More
than just the diagnosis of COPD, the presence of
COPD symptoms, such as a cough or sputum
production or wheezing, strongly correlated
with difficulty in falling or staying asleep.® Other
investigations have objectively confirmed poor
sleep quality, with decreased total sleep-time
and decreased sleep efficiency in patients with
respiratory problems.5®

Nocturnal oxygen desaturation in COPD is likely
to be the consequence of the combined effects
of physiological hypoventilation during sleep.
However, there is evidence that some patients with
awake arterial oxygen tension (PaO,) levels in the
mildly hypoxaemic range can also develop clinically
significant nocturnal oxygen desaturation, which

RESPIRATORY ¢ October 2013

may predispose to pulmonary hypertension (PH).”
Potential causative mechanisms for this reduction
include respiratory muscle hypotonia, cephalic
displacement of the diaphragm and a decrease in
lung compliance.® Sleep-related hypoventilation
has been demonstrated in COPD, particularly during
rapid eye movement (REM), with associated oxygen
desaturation.® There is a close relationship between
the awake PaO, and nocturnal oxygen saturation
(SatO,) levels,? although hypercapnia is associated
with  a more pronounced nocturnal oxygen
desaturation than normocapnia for any given level
of waking SatO,

Nocturnal hypoxaemia has been defined as a SatO
of =90% for at least 5 minutes with a Nadir SatO,
of =85%. The percentage of total recording time
(TRT) has been defined as the time spent in bed
minus sleep latency plus intrasleep wakefulness.
A TRT with a SatO, of <90% has been defined as
T,,%. The minimal TRT required for a satisfactory
analysis of nocturnal recordings was 2 hours.
COPD patients with a T, of =30% and a Nadir
SatO, of 85% have been defined as desaturators
(D) and all others as non-desaturators (ND).22%
In this study, as revealed by cluster analysis, authors

2
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showed that clinical parameter predictors, when
awake from nocturnal desaturation, were different.
COPD D patients may be identified by a clinical
pattern of variables such as T, ., mean pressure artery
pulmonary and PaCO, values, rather than by T,
alone, with the latter two variables being predictors
of nocturnal desaturation severity.

This study has revealed the complexity of the
nocturnal desaturation. Alveolar hypoventilation
probably accounts for most of the nocturnal oxygen
desaturation and hypoxic vasoconstriction and
vascular remodelling. Several authors?2¢ measured
minute ventilation during wakefulness, non-REM
sleep, and REM sleep in normal subjects and patients
with COPD. The greater drop in minute ventilation
in subjects with COPD may reflect increased
dependence on accessory muscles that become
hypotonic during sleep, particularly during REM
sleep. An alternative explanation comes from the
work by O’Donoghue and colleagues®” who have
found an even greater drop in minute ventilation
during non-REM sleep in hypercapnic COPD patients.

The exact prevalence of PH in patients with
COPD is wunclear?® PH is a complication of
advanced COPD observed in patients who show
severe longstanding hypoxaemia. Even if PH
is generally mild to moderate in most COPD
patients, it may markedly worsen during acute
exacerbations, sleep and exercise, and these acute
increases in PH could facilitate the development
of right heart failure. Diagnosis of PH in COPD
patients is difficult: published studies differ not
only in their definition but also for the conditions
under which PH has been reported (rest, exercise,
and exacerbation). According to the European
Society of Cardiology and the European Respiratory
Society,®® PH has been defined as an increase
in  mean pulmonary arterial pressure (PAP)
=25 mmHg at rest as assessed by right heart
catheterisation (RHC). The definition of PH under
exercise conditions as a PAP =230 mm Hg, assessed
by RHC, is not supported by published data, and
healthy individuals can reach much higher values.

The incidence of PH in COPD patients has been
evaluated by Kessler and colleagues.®® In this
longitudinal study on 131 patients with COPD,
serial RHCs were performed at baseline and at
follow-up (mean follow-up was 6.8%£2.9 years). All
subjects had normal mean PAP at rest (20 mm
Hg). They have been divided into two groups based
on the presence or absence of elevated mean PAP
under exercise (=30 mm Hg). On follow-up, 25% of

patients had mild PH according to haemodynamic
criteria (mean PAP 26.8+6.6 mm Hg).

Nocturnal oxygen desaturation appears to contribute
to the development of PH even in the absence of
significant awake hypoxaemias.’ REM-associated
drops in SatO, are associated with increases in
PAP during sleep that can be reversed by
supplemental oxygen, although most COPD patients
with sustained PH are also hypoxaemic during the
daytime. Various arrhythmias are also reported
during episodes of nocturnal desaturation.?
These consequences might help explain  why
nocturnal oxygen desaturation is recognised as
a marker of increased mortality, and why COPD
patients are reported to die more frequently at night
than expected.3?

Tissue hypoxia is another mechanism that can
contribute to systemic inflammation in COPD. It
has previously been demonstrated that TNF-o and
receptor levels have been shown to be significantly
higher in patients with COPD, but significantly
correlated with the severity of arterial hypoxaemia.
These results suggest that arterial hypoxaemia in
COPD is associated with activation of the TNF-a
system in vivo. The systemic effects of inflammation
may significantly contribute not only to respiratory
abnormalities, respiratory symptoms and functional
impairment (e.g. exercise intolerance) associated
with COPD, but also to its chronic marked changes
of vasomotor and endothelial function as pulmonary
vascular remodelling.®

The nocturnal desaturation-reoxygenation sequence,
waxing and waning sequence, is a typical pattern
coupled with the majority of respiratory events.
This sequence (Figure 2) of waxing and waning
desaturation, differently from nocturnal desaturation
of OSAS, leads to oxidative stress and the production
of reactive oxygen species.®® Hypoxia-induced
pulmonary vasoconstriction is a protective response
to maintain an optimised ventilation-perfusion
ratio by shunting blood away from the hypoxaemic
areas. The traditional vascular hypoxic model of PH
is based on the hypothesis that chronic hypoxia
initiates vascular remodelling leading to permanent
changes in pulmonary vasculature.

Barbera et al.,*” evaluated COPD patients undergoing
lung resection and demonstrated that vascular
changes contribute to vascular remodelling and
may have an effect on vascular dynamics leading
to PH. Nocturnal hypoxia may induce endothelial
cells to release proliferation-stimulating cytokines,
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Figure 2. Simultaneous recording of nocturnal oximetry and heart rate in a patient with COPD desaturator

(above) and in patient with OSAS (below).

Oxygen nocturnal desaturation with waxing/waning morphology in a COPD patient and the morphology of
cyclical recurrence aspect with short, rapid intermittent nocturnal hypoxia in an OSAS patient, are shown.

leadingtocellularhypertrophyinthevesselwallandan
increase in extra-cellular matrix. Another intriguing
possibility reported in that study is that nocturnal
desaturation in COPD may contribute to an increased
incidence of COPD exacerbations, which may
accelerate lung-function decline and be associated
with greater mortality.3°

EXCESS BODY WEIGHT AND CHANGES

IN METABOLISM

Obesity-Related Systemic Hypoxia

A potentially important source of inflammation
in obese patients with COPD with nocturnal
hypoxaemia is white adipose tissue. Obesity and
MetS are increasingly prevalent in modern COPD,
and may contribute to abnormalities in gas exchange.
In patients with COPD, obesity is characterised by
an absolute abundance of fat mass, similar to other
diseases associated with excessive adiposity.*°
The prevalence of obesity is highest among patients
with milder forms of the disease, and lowest
in patients with the most severe lung function
impairment.# It has been demonstrated that one
or more components of MetS are present in almost
50% of COPD patients.*? High adiposity and fat
tissue accumulation impair pulmonary functions and
exercise performance.*?
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The study by Trayhurn et al.*4 suggests that insulin
resistance is aggravated by both high body mass
index and increases in circulatory inflammatory
mediators, such as IL-6, in this set of patients. Indeed,
inflammatory mediators TNF-q., IL-6, and leptin were
significantly higher while plasma adiponectin levels
were reduced in overweight COPD patients. Chronic
low-grade adipose tissue inflammation in obesity
may represent a specific response to relative hypoxia
of adiposities.*®

Several factors may contribute to cell hypoxia within
adipose tissue in association with high adiposity:
(@) blood flow per unit of adipose tissue mass is
reduced in obese humans resulting in decreased
blood supply to the tissue; (b) large adipocytes
are further from the vasculature than the normal
diffusion distance for O,. Adipocyte tissue hypoxia
has detrimental effects on cell metabolism and
function, as evidenced by in vitro studies and animal
models. /n vitro studies have shown that hypoxia
results in enhanced TNF-o production, increased
expression of PAI-1 and reduced adiponectin and
peroxisome proliferators-activated receptor gamma,
or PPARY, expression.*64/

Even in the absence of COPD, obesity is associated
with small airways dysfunction, decreased chest
wall compliance, V/Q mismatch, and increased
peripheral oxygen consumption, all potentially
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leading to relative hypoxaemia. Risk of sleep-
disordered breathing and consequent nocturnal
hypoxaemia correlates with the degree of obesity*®
and, in extreme cases, morbid obesity can lead to
profound alveolar hypoventilation with chronic
hypercapnic respiratory failure. Dysregulated
ventilatory control is another factor contributing to
the occurrence and persistence of hypoxaemia in
COPD patients.*

CONCLUSIONS

The hypoxic insult occurring during sleep-
disordered breathing in COPD patients varies
from one condition to another. However, there are
cardiovascular and metabolic morbidities which

are common among different conditions. Major
differences are found in continuous hypoxia,
suggesting specific pathways originating from the
occurrence of oxidative stress and inflammatory
cascade activation. In addition, the hypothesis
that adipose tissue may contribute to the overall
systemic inflammatory phenotype in patients
with early stages of COPD and obesity or relative
abundant fat mass is novel.®® The potential links
between night-time symptoms and long-term
clinical outcomes will have to be explored in order
to ensure that any interventions aimed at acutely
improving night-time symptoms and/or sleep
disturbance in COPD patients are also aimed at
improving or stabilising the long-term health of
COPD patients.
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ABSTRACT

In the development of new antiallergic or antiasthmatic therapies, mouse models have helped to
identify novel therapeutic agents. Before a medication is evaluated for potency in phase Il and phase
studies in humans, different bronchial challenge models are used to test the efficacy and mode of action
in small sample sizes. Most published trials follow a classical approach in which allergic subjects are
challenged with the same amount of allergen before and after treatment with a specific agent. Repeated
challenge models are designed either to imitate natural allergen exposure or to induce significant
asthma symptoms and airway inflammation. Although the available literature is less abundant, repeated
models promise insights into the action of agents and the mechanisms of airway inflammation.

Keywords: Allergic asthma, bronchial allergen challenge, low-dose challenges, high-dose challenges.

INTRODUCTION

Specific bronchial allergen provocation is an
established tool in asthma research that can
increase our understanding of the pathological
mechanisms responsible for allergic asthma and
can offer key information concerning the therapeutic
potential of new agents. Asthma research allows
for the evaluation of antiallergic and antiasthmatic
agents in relatively small sample sizes!® Subjects
are typically challenged with an allergen before and
after treatment with antiallergic or antiasthmatic
drugs, and they are selected to develop reproducible
early and late asthmatic responses (EAR and
LAR, respectively). Another provocation model
imitates natural allergen exposure. In the low-dose
provocation model, a small amount of an allergen
is inhaled to induce bronchial inflammation on
consecutive days.*® Recently, studies have described
high-dose challenge protocols®’ as an interesting
alternative to the existing protocols.

ANIMAL MODELS

Animal models have tremendously advanced the
understanding of allergic disease development and
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have helped to identify novel therapeutic agents.®
The mouse is now the species of choice,® and the
BALB/c strain exhibits a genetically determined
tendency to develop Th2-biased immune
responses.® In mouse models, allergic asthma is
typically induced by intraperitoneal injection of an
antigen. After the sensitisation period, the mice
are challenged with aerosol inhalation or nasal
application of the antigen.® In recent years, several
groups have developed mouse models that can
reproduce many of the features of the remodelled
asthmatic airway." Blyth et al? noted a reduction
in subepithelial reticulin and an almost complete
depletion of airway eosinophilia, when given an anti-
IL-5 antibody before allergen challenges. During
chronic repetitive allergen challenges, IL-5 gene
deletion suppresses lung eosinophilia and tissue
remodelling, simultaneously.® These animal studies
strongly support the hypothesis that eosinophils
contribute to the airway remodelling In mice,
intranasal-challenged with house dust mite, both
prophylactic and therapeutic treatment with an
anti-IL-13 mAb significantly inhibited the generation
and maintenance of chronic airway cellular
inflammation, peribronchial collagen deposition, and
epithelial goblet cell up-regulation™
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In comparison with human models, the mouse
model has several disadvantages. Mice do not
display spontaneous symptoms consistent with
asthma.® In mice, bronchial hyperresponsiveness
(BHR) is only transient and does not, as in asthmatic
subjects, appear during clinical remission since
mouse airways do not contain smooth muscle
bundles™™ The majority of studies have been
performed with ovalbumin, but ovalbumin is not a
clinically relevant allergen in humans.®2 Challenges
in mice predispose to nasal and alveolar response
rather than directed to the lower conducting
airways. In humans, the EAR alerts the individual to
natural exposure to inhaled allergens.® In contrast,
in the LAR, eosinophils are important, and in
response to IgE binding to the Fc[epsilon]RI
receptor, eosinophil cytoplasmic granules and a
number of cytokines are synthesised and released
by degranulation.” In mice, it is only in some models
that allergen challenges involve either EAR or LAR.®
Allergen-specific IgE significantly predicts the LAR
and EAR in mite-allergic asthmatic children and
adolescents.® However, in mice, IgE and mast cells are
unnecessary for the generation of allergic asthma.°
Moreover, allergen-driven murine models disregard
other environmental factors of asthma, such as
oxidant stress, viral infection, obesity, exposure to
tobacco smoke, and pollutants.®

CLASSICAL CHALLENGE MODELS

The most common method of testing
pharmaceutical agents is to challenge patients with
the same dose of allergen after receiving treatment
with the test drug and again after receiving
treatment with placebo.® Alternatively, randomised,
placebo-controlled, parallel designs have been
used? in which allergen challenge is performed
according to a standardised protocol. The allergen
concentration that causes a 20% drop in FEV,
(PC,, allergen) is predicted from the PC,,
methacholine and skin test sensitivity, which is
derived from a multi-dose skin prick test (SPT).
Starting three concentrations below the predicted
PC,, allergen, consecutive doubling concentrations
of allergen are aerosolised for 2 minutes using
a DeVilbiss 646 nebuliser?? The endpoint
measurements in such studies are the maximal
early and late percentage decreases in the FEV, and
the areas under the curve in the EAR (0-2 hours
post-challenge) and the LAR (3-7 hours post-
challenge).® The practical use of the protocols has
been shown in numerous clinical trials.?> Allergen
challenge studies can be of value to predict

efficacy or lack of efficacy of asthma controller
therapies because agents that inhibit the LAR
and allergen-induced inflammation are generally
effective in asthma therapy.” In the classical method,
concerns exist because the predictive value of the
SPT is limited. In adults allergic to cats, a positive
SPT (wheal size 3 mm) failed to discriminate
between challenge-positive and challenge-negative
patients.?® In house dust mite allergies, the skin
sensitivity did not significantly contribute to the
prediction of an EAR.#¥ Consecutive doubling
concentrations of allergen might not allow for
the exact and equivalent timing of allergen
administration between subjects, particularly in
trials in which repeated allergen challenges are
necessary to study the kinetics of antiallergic drugs.?

LOW-DOSE CHALLENGE MODELS

Low-dose allergen challenges are designed to
induce airway inflammation. Useful markers of
inflammation are the induction of eosinophils and
the eosinophilic cationic protein (ECP) in sputum and
exhaled nitric oxide (eNO).*¢ In an initial incremental
challenge with doubling doses or concentrations of
an allergen, the dose/concentration is increased until
the FEV, has fallen by 20% or more from baseline (PD/
PC,,FEV,)). The dose that causes a 5% fall in the FEV,
is determined during the screening allergen
challenge. This dose is administered as a single
challenge on 5 consecutive days.* Trials with similar
procedures have reported different outcomes, and
not all trials have reported the presence of asthma
inflammation caused by ‘silent’ chronic allergen
exposure (Table 1). In repeated low-dose allergen
provocations, night-time asthma symptoms and
night-time P2-agonist use significantly increased
during the challenge period, and the PC,
methacholine levels were significantly reduced.* In
a placebo-controlled study with inhaled steroids,
26 patients with mild asthma and mite allergy
performed repeated inhalations of the PD, allergen
for 2 consecutive weeks. Due to increased P2-
agonist use at day 2, the use was significantly
elevated in the placebo group, whereas there were
no significant differences in the total daily symptom
scores. In the placebo group, the PC,, methacholine
levels did not decrease significantly after 2 weeks
of allergen exposure.® In a similar protocol, our
working group showed that the participants did
not require any P2-agonists during the challenge
period with house dust mite allergen despite
the induction of allergic airway inflammation.
The PD,, methacholine levels decreased in
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Table 1. Low dose challenges and symptoms.

Clinical trial

Author

Subjects
(n)

Inhaled
allergen

Duration of
challenge

Allergen-
dose

Cough

B2-agonist

BHR

Effect of n-3
polyunsaturated fatty
acids in asthma after

low-dose allergen
challenge

Schubert et
al., 2009

23

Mite

10 days

PD

Comparison of the
effects of repetitive
low-dose and single-

dose antigen challenge

Liu et al.,
2003

Mugwort,

Mite, Cat

4 days

PD

NA

NA

NA

on airway inflammation

Asymptomatic
worsening of airway
inflammation during

low-dose allergen
exposure in asthma:
protection by inhaled
steroids

de Kluijver

et al,, 2002 Mite

10 days PD

Airway inflammation
and altered alveolar
macrophage
phenotype pattern
after repeated low-
dose allergen exposure
of atopic asthmatic
subjects

Lensmar et
al., 1999

Birch,
Grass

7 days

Repeated aerosol
exposure to small
doses of allergen. A Arshad et 9
: al., 1998
model for chronic
allergic asthma

Mite

12 days 0.4 ng ! i |
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BHR: bronchial hyperresponsiveness.

the placebo group, but the difference failed to
reach significance.? All reported studies*® have
shown significant changes in sputum eosinophils
and ECP during allergen challenges, and the
eNO has been reported to increase stepwise to
a peak level® Therefore, the low-dose allergen
challenge is a perfect model for testing
antiasthmatic or antiallergic agents in humans, and
it has been used for budesonide® and n-3
polyunsaturated fatty acids.® In clinical asthma
studies, the reduction of symptoms is one of the
primary outcomes. The main point of criticism is
that low-dose allergen challenges do not cause
asthma symptoms.

HIGH-DOSE CHALLENGE MODELS

In a real-life setting, individuals may be exposed
repeatedly to symptomatic doses of allergen,” for

example cladosporium allergy,®> and so, in mouse
models, acute sensitisation protocols include
multiple systemic administrations of the allergen.”®
To support previous findings, these mouse models
should be validated against human responses.” In
the development of high-dose challenge protocols,
Grainge and Howarth” and our group?® independently
designed very similar protocols. The Aerosol
Provocation System (APS) dosimeter technique
(Cardinal Health, Hoechberg, Germany) allows
the computer-controlled production of an aerosol
using a jet-type nebuliser to define an individual

dose. The integrated pressure calibration
procedure, associated with the compressor,
ensures a highly constant and reproducible

nebuliser output. In the incremental provocation,
rather than doubling concentrations, a single
allergen dilution with predefined doses is used.
Both working groups chose the PD, allergen to
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challenge mild asthmatics who were allergic to
house dust mites. Whereas Grainge and Howarth’
used a more attenuated protocol with three
consecutive challenges at 48 hour intervals, we
hypothesised that four consecutive challenges in 1
week may be more likely to induce symptoms and
allergen-driven asthma exacerbation in diseased
volunteers. In both protocols, subjects developed
significant asthmatic symptoms and rescue
medication use. In the attenuated protocol, the
pre and post-FEV, did not differ significantly and
there were no serious adverse events, such as
significant worsening of asthma requiring oral
corticosteroids or hospital admission. In contrast,
in our study the overall FEV, dropped significantly,
and seven subjects had to stop the protocol
prematurely; five patients experienced decreases
in FEV, that were greater than that defined in the
study protocol, and two had asthma attacks and
required prednisolone during the night.

One of the primary outcomes of our study was
sputum induction and the measurement of sputum
cell counts and cytokines. We observed significant
increases in the total eosinophil count, percentage
of eosinophils, levels of ECP, and IL-5, which is
a key mediator of eosinophil activation. In addition,
transcription factor Foxp3 was significantly
increased. In parallel, bronchial hyperresponsiveness,
measured by methacholine challenge, and eNO
demonstrated highly significant changes.?

Inabronchoalveolarlavage (BAL) study, the numbers
of CD69+ and Foxp3+ lymphocytes were higher in
the BAL fluid post-allergen provocation in asthmatic
patients compared to pre-allergen provocation. To
the best of our knowledge, we are the first group to
demonstrate that Foxp3 is expressed in sputum cells
after bronchial allergen challenge. The appearance
of Foxp3 suggests the involvement of CD25+CD4+

Treg cells and a modulating role of Treg cells after
allergen exposure, as Foxp3 CD4+CD25+Treg cells
contribute to the control of allergen-specific immune
responses in several major ways (e.g. the regulation
of effector Th-1and Th-2 cells).?®

High-dose challenge models are suitable to induce
significant asthma symptoms in diseased volunteers.
Sputum cell counts and cytokine levels are promising
parameters for understanding new mechanisms
in asthma and allergy regulation, and they are
more precise than the measurement of bronchial
hyperresponsiveness or eNQ.2%30

It is possible that the protocol we used was too
intense because subjects developed severe asthma
symptoms and decreases in pulmonary function.
However, three high-dose challenges at 48 hour
intervals are safe and repeatable.” The high-dose
challenge is a model for proof-of-concept studies
in clinical settings to reduce the risk of severe
asthma exacerbations.?

CONCLUSIONS

Different provocation models may answer different
questions regarding the antiallergic or antiasthmatic
action of new agents. Classical bronchial allergen
challenges sufficiently demonstrate the efficacy

of asthma controller therapies. Repeated
low-dose allergen challenges cause airway
inflammation and they are suitable for

demonstrating the effects of medications in
everyday life. As demonstrated in mouse models,
high-dose challenge models validate the findings
of basic research by both demonstrating the
efficacy of a new agent and its antiasthmatic
potency and by investigating its impact on airway
inflammation, as represented by sputum cell counts
and sputum cytokine levels.
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ABSTRACT

Asthma is a common disease among pregnant women. Uncontrolled asthma may increase the risk of
maternal and foetal complications, thus optimal asthma management is elemental during pregnancy.
Therapy must aim to control the disease; asthmatic women with controlled asthma should continue
taking their medications during pregnancy, and maintenance therapy should be increased if asthma is
not controlled. Most of the asthma medications have no effects on foetal growth. Although oral
corticosteroids may confer an increased risk of lower birth weight and congenital malformations,
benefit-risk considerations still favour their use in patients with asthma exacerbations during pregnancy.
This review summarises immunological changes characterising asthmatic pregnancy and the clinical
implications of asthma management during pregnancy.

Keywords: Asthma, clinical implications, immunology, management, pregnancy.

INTRODUCTION

Asthma is one of the most common chronic diseases
complicating pregnancy, affecting 3.7-13.9% of all
pregnancies.? Asthma influences the outcome of
pregnancy, posing a risk for several maternal and
foetal complications,*® and pregnancy also affects
the natural course of asthma, causing deterioration
of symptoms in one third of patients. Fortunately,
both maternal and neonatal risks decrease with
maintenance of optimal asthma control during
pregnancy,®° thus appropriate asthma management
is essential in these patients.

IMMUNOLOGICAL CHANGES IN HEALTHY

PREGNANCY

In healthy pregnancies, the semi-allograft foetus
is protected from maternal immune responses
by physiological immune tolerance (Figure 1)1
A trimester-dependent increase in regulatory T
(CD4+CD25 high+; Treg) cell number has a key
role in this process;? moreover, this increase is
associated with physiological growth of the foetus.”?
These cells inhibit the activation of effector T
lymphocytes and natural killer (NK) cells, as well

as the differentiation of antigen-presenting cells.
Diminished numbers of Tregs in pregnancy were
associated with immunological rejection of the
foetus, low foetal birth weight or preeclampsia.l®* Of
note, the inhibitory effect of proliferating Treg cells
on NK cells™ contributes to increased susceptibility to
viral infections during pregnancy, as observed in
the HIN1 influenza pandemic in 2009 Healthy
pregnancy is characterised by a subtle shift in
T lymphocyte balance towards T helper (Th)2
phenotype, as a predominance of the Th1 cytokines
causes spontaneous abortion!®® The circulating
number of the proinflammatory Th17 cells was
shown to be unaffected by healthy pregnancy,®
but increased in pregnancies with adverse
outcomes such as preterm labour? and recurrent
spontaneous abortion.?? Alterations of immune
state during pregnancy may cause changes in the
course of autoimmune diseases, e.g. systemic lupus
erythematosus or rheumatoid arthritis.?®

IMMUNOLOGICAL CHANGES IN
ASTHMATIC PREGNANCY

In the background of the usually transient and
reoccurring symptoms, there is a persistent
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Figure 1. Alterations in the cellular mechanisms of maternal-foetal immune tolerance in asthmatic

pregnancy.

(Th - T helper; Treg - regulatory T; dNK - decidual natural killer cell; My - macrophage; dDC - decidual
dendritic cell; CD - cluster of differentiation; PGE, - prostaglandin E,; HLA - human leukocyte antigen; IL -
interleukin; IDO - indoleamine 2,3-dioxygenase; FasL - Fas ligand; PDL1 - programmed cell death 1 ligand
1; TSLP - thymic stromal lymphopoietin; TGFp - transforming growth factor p; IFNy - interferon gamma; —

stimulation/increase; — inhibition/decrease).

chronic inflammation in asthma,?* in which Th2
type inflammation is elemental. Also abnormal
Th17 immunity contributes to disease pathology,
primarily in uncontrolled moderate to severe
patients.?®> Expansion of these cells is accompanied
by decrease in circulating Treg cell prevalence,?®?’
which promotes airway eosinophilia, mucous
hypersecretion, and airway hyperresponsiveness.?®

If the disease is well controlled, the physiological
maternal immune suppression may attenuate the

RESPIRATORY ¢ October 2013

allergic response in asthmatic pregnant women,
but not in patients with uncontrolled asthma.
Activated pools within CD4 and CD8 T cells were
larger, and the number of natural killer T (NKT)
cells was increased both in non-pregnant asthmatic
and in healthy pregnant subjects (compared with
non-pregnant healthy controls). However, in the
mostly well controlled pregnant asthmatics, no
further lymphocyte activation was observed,
suggesting that the immunosuppressive effect of
uncomplicated pregnancy may blunt the
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lymphocyte activation that characterises asthma.®®
In contrast with this, in mostly uncontrolled
asthmatic pregnant women, a substantial number
of peripheral interferon (IFN)-y and IL-4 producing
T cells were detected, and a negative correlation
was revealed between the numbers of these cells
and birth weight of newborns, suggesting that
foetal growth restriction (intrauterine growth
restriction - IUGR) may be related to active,
asthma-associated maternal immune reactions.*°
Similarly, circulating levels of heat shock protein
Hsp70, which is an inflammatory marker, were
higher in asthmatic than in healthy pregnant
women, and foetal birth weight was lower in
pregnancies complicated with asthma.’® Again in
uncontrolled, symptomatic asthmatic women the
Th1/Th2 cell ratio increased during pregnancy
compared to healthy pregnant women, but remained
unaltered in gestations of mostly well or partially
controlled patients.?® The physiologic elevation
of peripheral Treg numbers was blunted during
gestation of either symptomatic or asymptomatic
asthmatic women; furthermore, the positive
correlation between Treg numbers and birth weight
of newborns was absent!”® In asthmatic pregnant
women, an abnormal asthma-dependent Thil7
elevation was also detected?® (Figure 1, Table 1). In a
recent in vitro study, a reduction in adaptive antiviral
immunity was found in pregnant women with well
controlled asthma, which may be related to the
susceptibility to respiratory virus infections.*?

In healthy pregnancies, the normally increased
oxidative stress is counterbalanced by increased
antioxidant mechanisms;** however, in placentae of
asthmatic women, more increased protein oxidation
and lipid peroxidation were found together with
more increased antioxidant capacity.®* Also,
circulating levels of antioxidants were elevated
in moderate/severe asthmatic pregnant patients,
suggesting a response to the high oxidative load
induced by asthma during pregnancy.®® Offset
of this sensitive balance potentially contributes
to the altered placental function and reduced
foetal growth.

THE EFFECT OF MATERNAL ASTHMA ON
PREGNANCY OUTCOMES

Due to the immunological and clinical changes, the
risk of several maternal and foetal complications
is higher in asthmatic pregnancy compared to
healthy pregnancy; thus pregnancies in women
with asthma need to be considered as high-risk

pregnancies.®® Perinatal mortality increases by
35% according to a database cohort of 13,100
pregnant asthmatics,® and prematurity and/
or low birth weight seem to be the major
contributing factors, which are associated with
uncontrolled asthma, maternal obesity, or smoking.®
However, optimal asthma management may
prevent the adverse events® The incidence of
preterm delivery was higher among patients with
inadequate asthma symptom control during the
first part of pregnancy compared with patients
with adequate asthma control, and it was higher
among patients who were hospitalised for asthma
during pregnancy compared with asthmatic women
without a history of hospitalisation.® Severe and
moderate asthmatic pregnant women have a
higher risk for small gestational age babies than
those with mild asthma, according to a population-
based cohort of 13,007 pregnancies in asthmatic
women.”” Maternal asthma was also associated
with a higher risk of spontaneous abortion,
and uncontrolled asthma increased the risk by
26%.%® A recent meta-analysis of 40 publications
(involving 1,637,180 subjects) found an increased
risk of low birth weight, small for gestational age,
preterm delivery, and preeclampsia associated

with maternal asthma, however, active asthma
management reduced the relative risk of
preterm delivery.*®

Maternal asthma may increase the risk of
congenital malformations in the nervous,
respiratory and digestive systems;*°4 however,

there are also population-based data that did
not detect any teratogenic effect of maternal
asthma.“>** Finally, a multicentre, prospective,
observational cohort study found that asthma
also affects newborns’ morphometry, as asthma
severity was associated with an increased head
circumference/birth  weight  ratio.**  Asthma
exacerbations during pregnancy are a particularly
unfavourable issue because an exacerbation
itself raises the risk of low birth weight*® and
congenital malformations.#' Maternal asthma also
has long-term consequences for offspring health.
In a recent cohort study, asthma was associated
with an increased risk of infectious and parasitic
diseases, diseases of the nervous system, ear,
respiratory system and skin, and potentially
(not confirmed in secondary analyses) of endocrine
and metabolic disorders, diseases of the digestive
system, and malformations in the offspring
during childhood.*®
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Table 1. The already established immunological changes in asthmatic pregnancy.
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AP: asthmatic pregnant; HP: healthy pregnant; ANP: asthmatic non-pregnant; HNP: healthy, non-pregnant;

regulatory T; NK: natural killer; iNKT: invariant NKT,;

IENY: interferon gamma; IL: interleukin; Hsp: heat shock protein; PBMC: peripheral blood mononuclear
cell; PHA: phytohemagglutinin; PEF: peak expiratory flow; ACT: Asthma Control Test; FeNO: fractional

CD: cluster of differentiation; Th: T helper; Treg:
exhaled nitric oxide.
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PREGNANCY-INDUCED CHANGES IN
ASTHMA CONTROL

As a
immunological
improves in
the same in another one-third, and worsens in

consequence of pregnancy-associated
and clinical changes, asthma
approximately one-third, remains

one-third during gravidity, but the underlying
immunological mechanisms are mostly unknown
and biomarkers predicting deterioration are
lacking. However, there are some clinical signs that
can draw the attention of the treating physician.
The risk of asthma worsening during pregnancy
increases with disease severity before pregnancy,
and there is a concordance between the courses of
asthma during consecutive pregnancies.#” Similarly,
asthma-specific quality of life in early pregnancy
is related to subsequent asthma morbidity during
pregnancy.”® Asthma exacerbations are more
common and more severe in preghant women
who smoke.*® Interestingly, female foetuses also
cause greater risk for worsening symptoms™°
and IUGR.®® Obesity is associated both with asthma
exacerbations and non-pulmonary complications
during pregnancy (e.g. preeclampsia, gestational
diabetes, and gestational hypertension).* Lower
prevalence of naive T cells observed in obese
compared to non-obese asthmatic pregnant
patients may be a sign of dysfunctional pregnancy-
induced immune tolerance in obese patients.”

MANAGEMENT OF ASTHMA DURING
PREGNANCY

Diagnosis and Monitoring

The diagnosis of asthma is usually known before
pregnancy; however, there are a further proportion
of pregnant women who possibly have asthma.?
In the latter case, reduced forced expiratory
volume in one second (FEV1), or ratio of FEVI1 to
forced vital capacity (FVC), and a 12% or greater
improvement in FEV1 after inhalation of rapid acting
beta-agonist confirm the diagnosis. Lacking safety
data, the bronchial hyperresponiveness test is
contraindicated during pregnancy, thus women
with a clinical picture of new-onset asthma
without spirometric confirmation of the diagnosis
should be treated for asthma during pregnancy.
Skin prick tests are not recommended due to
risk of systemic reactions, but blood tests for
specific IgE antibodies to suspected allergens may
be evaluated.>?

Monthly assessments are required in all asthmatic
pregnant women. Beyond asthma control evaluation,
physical examination and spirometry, evaluation
of arterial oxygen saturation is important: at least
95% measured by pulse oximetry is recommended®?
because, due to pregnancy, induced physiological
hyperpnoea®*** and even mild maternal hypoxaemia
may represent respiratory compromise during
pregnancy. Fractioned concentration of nitric
oxide present in exhaled breath (FENO) reflects
airway inflammation in asthma.’® This method has
been shown to be applicable also in asthmatic
pregnant patients;®° contrarily, a recent longitudinal
study found large intrasubject variability in
pregnant asthmatics, regardless of the degree of
asthma control.” However, asthma exacerbation
rate, such as neonatal hospitalisations, could be
reduced by treating pregnant patients according to
a FENO-based treatment algorithm.%8

Regarding obstetrical care, ultrasonographic
examinations are recommended in the first trimester
to confirm the accuracy of the estimated due date,
anytime after recovery from a severe exacerbation
and serially from the 32" gestational week (together
with nonstress testing), in case of suboptimally
controlled or moderate to severe asthma, to
monitor foetal growth and wellbeing.*®

Treatment
Patient education

Maintaining control of the disease is essential
but many patients do not use any reliever or
prophylactic medications during pregnancy, even
if their asthma is poorly controlled.? Therefore,
pregnant asthmatics should be better educated
about their disease and possible risks regarding
maternal and foetal outcomes, such as their
avoidance by reducing exposure to allergens,
regular visits, proper treatment, and correct use
of devices; furthermore, they need to be equipped
with a written self-treatment action plan.8>26°

Approximately one third of pregnant asthmatic
women smoke,® which increases exacerbations,*
asthma symptoms, foetal growth abnormalities,®
and neonatal asthma as well.%? Moreover, asthma
combined with cigarette smoking increases
the risk of preterm birth and urinary tract
infections to a greater degree than with either
exposure alone.®® Thus, smoking cessation during
pregnancy is indispensable.
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Pharmacological therapy

Because safety data of asthma medications in
pregnancy are, in general, reassuring,> pregnant
women with well controlled asthma should continue
taking their medications in order to reduce the risk
of loss of control. If asthma is poorly controlled,
therapy should be increased by one or more steps
similarly to the treatment of non-pregnant asthmatic
patients.>? The required doses are, in general, also
similar to that of non-pregnant patients.

Based on current data in human pregnancies,
albuterol is the reliever medication of choice, and
budesonide is the preferred controller treatment.646°
However, no increase in adverse pregnancy
outcomes has been reported with beclomethasone
or with fluticasone.®® In addition, recent cohort
showed no association between any dose of inhaled
corticosteroid (ICS) use and perinatal mortality;®’
thus any ICS that achieved optimal control before
pregnancy should be pursued during gestation.®®
Observational studies of inhaled corticosteroids
and inhaled beta-agonists showed no increase in
perinatal risks or congenital malformations.®72
Long-acting inhaled beta-agonists (formoterol
and salmeterol) can be used as add-on therapy if
symptoms persist in spite of the already received
ICS treatment. In a large Canadian cohort of
pregnant women with asthma, no increased
prevalence of low birth weight, preterm birth or
small for gestational age was found for LABA
use and ICS doses <125 ug/day.’®* Leukotriene-
receptor antagonists also seem to be safe
during gestation; in one study enrolling 180
asthmatic pregnant women taking montelukast,
no increase in the rate of major congenital
malformations was observed.”

However, there are also data about possible
adverse effects of asthma medication during
pregnancy. The use of bronchodilators was
associated with an increased risk of gastroschisis,’

cardiac  defects,”®* oesophageal atresia and
omphalocele,” and anti-inflammatory use
was associated with anorectal atresia and

omphalocele.”” But the role of asthma itself could
not be excluded; hence these findings may be a
consequence of maternal asthma severity and
related hypoxia rather than medication use.”’
But systemic corticosteroid use may indeed
adversely affect pregnancy outcomes, as it
was associated with gestational hypertension,
preeclampsia, preterm birth, lower birth weight,
and congenital malformations.’2787°
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Acute asthma exacerbations

Acute asthma exacerbations may be prevented
with optimal treatment, avoidance of trigger factors
(e.g. viral infection),* and greater perceived control
of asthma,®® which is extremely important during
pregnancy. Even so, asthma exacerbations occur in
about 20% of asthmatic pregnant women primarily
in the late second trimester, with approximately
6% of women needing hospitalisation.*®

Therapy of acute asthma during pregnancy is
similar to that in non-pregnant state. In the first 48
hours of an exacerbation, 120-180 mg/day of oral
prednisone (or equivalent) are recommended in 3
or 4 divided doses, then 60-80 mg/day until PEF
reaches 70% of predicted or personal best, followed
by 7-14 days of tapering. For outpatient burst, 40-60
mg/day for 3-10 days may be sufficient, followed by
7-14 days of tapering.>® Effective, rigorous treatment
is important for the health of both the mother and
foetus;>®> however, in everyday clinical practice,
pregnant asthmatics are less likely to receive
appropriate treatment with corticosteroids.®' Status
asthmaticus is a life-threatening disorder in obstetric
patients; however, there are reports of excellent
pregnancy outcomes after mechanical ventilation
started due to severe respiratory acidosis in acute
asthma exacerbation during pregnancy.®?

CONCLUSION AND SUMMARY

Asthma is one of the most common chronic diseases
complicating pregnancy. Although uncontrolled
asthma may increase the risk of maternal and foetal
complications, women with adequately-treated and
well-controlled disease during pregnancy do not
appear to be at increased risk. The difference is
caused by the physiological function of pregnancy-
induced immune tolerance that may attenuate
inflammation in controlled asthmatic pregnant
patients. Thus, controlling asthma during pregnancy
with appropriate therapy is essential. Effective patient
consultations with treating physicians and frequent
communication between obstetricians, asthma
specialists, and general practitioners are important.
Most of the asthma medications have no effects on
foetal growth. Although taking oral corticosteroids
during pregnancy may confer an increased risk of
lower birth weight and congenital malformations;
benefit-risk considerations still favour their use in
patients with asthma exacerbations.
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ABSTRACT

The component-resolved diagnosis use in routine clinical and laboratory practice has increased in
recent years. Recombinant allergens can be produced with high purity by using controlled procedures,
obtaining molecules with known molecular, immunologic, and biological characteristics; they can help
clinicians to treat patients with multiple pollen sensitisations. Recombinant allergens are useful in respiratory
allergies such as: grass pollen, birch pollen, parietaria pollen, olive pollen, and dermatophagoides in
food allergies, especially milk, eggs and peanuts. Recombinant allergens constitute an important tool in
diagnosis and therapy of allergic diseases, which allows a better characterisation of the allergic patient.

Keywords: Recombinant allergens, allergy, diagnosis, immunotherapy.

BACKGROUND

In recent years, there has been an increasing
use of recombinant allergens in routine clinical
and laboratory practice, allowing a diagnostic
approach of allergy at component level,' concurrently
to the development of allergen microarrays.
The ImmunoCAP® Solid-phase Allergen Chip
(ImmunoCAP ISAC; Phadia, Upssala, Sweden) is
the most common microarray that allows the
detection of specific immunoglobin E (IgE) against
a large variety of molecular components belonging
to inhalant, food allergens and hymenoptera,??
including: as species-specific components, as
pan-allergens, or  cross-reacting molecules,
such as profilins, lipid transfer proteins, calcium
binding proteins, storage proteins, tropomyosin, and
serum albumins.*®

Recombinant allergens can be produced with
high purity by using controlled procedures that
yield defined molecules with known molecular,
immunologic, and biological characteristics.®”
Traditional allergen extracts, used for diagnosis
and therapy, are prepared from natural allergen
sources as a mixture of different species, which
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contain mixed allergenic components in undefined
amounts of non-allergenic materials.®™

Recombinant allergens are molecules that exactly
mimic the properties of the natural allergens, or
modified variants with advantageous properties,
such as reduced allergenic activity or increased
immunogenicity, or alternatively as hybrid molecules
resembling the epitopes of several different
allergens to include the relevant epitopes of complex
allergen sources.5"°

The component-resolved diagnosis designates
diagnostic tests based on pure allergen molecules,
either produced by purification from natural
allergen sources (designated according to the
Allergen Nomenclature with the prefix ‘n’) or by
recombinant expression of allergen-encoding cDNAs
(designated with the prefix ‘r’)." These tests
include marker allergens to diagnose the genuine
sensitisation of patients towards a given allergen
source or cross-reactive molecules that point to
cross-sensitisation to several allergen sources.*™
This allows the accurate prescription of Sublingual
Immunotherapy (SIT) for birch pollen,?™ grass
pollen,”? house dust mites,® and cats,®” and includes
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marker allergens for important Mediterranean pollen
sources, including olive™ and parietaria.*?°

Although allergenic source materials can contain
just one major allergen (e.g. Bet v 1 from birch
pollen), often several allergens are involved; 11
different allergens are characterised and cloned
from sweet grasses, including Timothy-grass
(Phleum pratense) and Ryegrass (Lolium perenne),
while for the house dust mites (Dermatophagoides
pteronyssinus and Dermatophagoides farinae),
the number is in excess of 20. Major allergens
that account for the larger part of the IgE
reactivity are at the basis of the development of
therapeutic preparations.?

Recombinant allergens can help the clinicians in
patients with multiple pollen sensitisations, who
are frequently sensitised to several taxonomically
unrelated allergens. Calcium-binding proteins and
profilins are cross-reacting pollen pan-allergens:
markers of multiple pollen sensitisation. Clinicians, if
considering allergen-specific immunotherapy, have
to establish whether sensitisation to several pollens
is the result of co-sensitisation to different allergen
proteins, co-recognition of homologous allergens, or
both. So, detection of IgE reactivity to pan-allergens,
and to major specific pollen allergens, is essential.?

GRASS POLLEN ALLERGY

Approximately 40% of allergic patients show
IgE reactivity to grass pollens: one of the most
important causes of IgE-mediated allergic disease
in the world.?*** The most important source of grass
pollen allergens in northern and central Europe is
Timothy-grass (Phleum pratense).?>?¢ Molecular and
biochemical characterisation of Phleum pratense®
has revealed several allergen components as rPhl p
1, rPhl p 2, nPhl p 4, rPhl p 5, rPhl p 6, rPhl p 7, rPhl p
11 and rPhl p 12: rPhl p 1 and rPhl p 5 are considered
‘Species-Specific Allergens’.?”?¢ The profilin rPhl p
1225 and the calcium-binding protein rPhl p 7 are the
main cross-reactive components.”®

The grass group 1 allergens are acidic glycoproteins
(27-35-kDa), localised in the exine and cytoplasm of
the pollen grain, with unknown function. Extensive
immunologic cross-reactivity among the group 1
allergens from taxonomically-related grasses was
established, and over 95% of allergic subjects were
highly reactive to the respective group 1 allergens.
The group 5 allergens include nine allergens with
similar molecular mass to the group 1 (27-38 kDa);
Phl p 5 has a ribonuclease activity, and its IgE-
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binding determinants are localised in the N-terminal
and C-terminal ends. Approximately 80% of grass
pollen allergic patients react with group 5 allergens,
and together with the group 1, account for most of
the IgE binding of most grass allergic sera: thus, they
are considered major allergens.*? Calcium-binding
proteins such as Phl p 7 (8.6 kDa) are responsible
for cross-reactivity between pollens of grasses,
trees and weeds: antibodies against calcium-
binding protein family were detected in 5-10% of
pollen allergic individuals. Profilins as Phl p 12 (12-
15 kDa) in the Phleum pollen are another group of
allergenic molecules responsible for cross-reactions
between various species of plants: Phl p 12 specific
IgE antibodies account for cross-reactions with
homologous profilins in many other allergens in both
pollens and foods, and can be detected in 20-50%
of grass-sensitive subjects.??%®

The predominant role of Phl p 1 and Phl p 5 in grass
pollen allergy is demonstrated by many studies.
Casquete-Roman et al.® detected, in a paediatric
population, IgE against rPhl p 1 and rPhl p 5 in
99.4% of the patients sensitised to grass pollen,
while against rPhl p 7 and rPhl p 12, allergens were
detected in 46% of them. Rossi et al.?” found that in
77 adult patients (with a mean age of 21.6 years):
rPhl p1 = 93.5%; rPhl p 5 = 72.7%; rPhl p 7 = 7.8%;
and rPhl p 12 = 35.1%.?” Successively, Rossi detected
in 33 patients (with an age range of 9-62 years) rPhl
p 1in 100% of patients, rPhl p 5 in 76%, rPhl p 7 in
3%, and rPhl p 12 in 45%.3° A study by Mari® found
rPhlp1in 83%, rPhlp 5in 50%, rPhlp 7in 7%, rPhl p 12
in 15%, and isolated reactivity to rPhl p 1in 6% in
sera of 749 grass-sensitised patients (selected on
a population of 4,606 unselected subjects, with an
age range of 2-70 years)!® Recently, Scaparrotta
et all® observed IgE against rPhl p 1 in 99%
(205/207) of grass pollen-allergic children, to rPhl
p 5in 67% (139/207), to rPhl p 12 in 32% (66/207),
and to rPhl p 7 only in 5% (10/207), with sensitisation
only to ‘Species-Specific’ (rPhl pl, rPhl p5)
allergenic molecules detected in 65% (135/207) of
children. This study shows the predominant role
of rPhl p 1 in paediatric populations as the most
relevant sensitising allergen detectable at all ages
and at all levels of Timothy-grass pollen-specific IgE
antibodies, demonstrating that the importance of
rPhl p 5 rises with the increase of patients’ age and
with grass pollen IgE levels.”

These observations confirm that the assessment of
sensitisation to grass pollen allergenic molecules
gives a better characterisation of allergic
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sensitisation in grass pollen allergy in children,
allowing a more specific and effective
immunotherapy based on sensitisation to
allergenic molecules.

The recombinant  wild-type allergens and
genetically modified hypoallergenic allergen
derivatives can be wused for immunotherapy,
as for complex allergen sources with only
one predominant allergen, if the relevant
allergens have been included in the
vaccine.b Although the first clinical immunotherapy
study with recombinant allergen preparations used
two different hypoallergenic derivatives of the
major birch pollen allergen Bet v 13 successively
also  Phleum recombinant allergens  were
successfully used.3#® Jutel and colleagues®?
demonstrated that a recombinant allergen vaccine
with recombinant grass pollen, can be an effective
and safe treatment to ameliorate symptoms of
allergic rhinitis, associated with modification of
specific immune response with 1gG4 promotion
and IgE reduction, consistent with the induction of
IL-10-producing regulatory T cells.*? Other authors
confirmed these data, observing that patients
with rhino conjunctivitis diagnosed using skin
prick testing with a grass mix allergen extract and
treated with a short course of SIT, based on a single
species of Phleum pratense allergen extract, were
able to develop an immune response that targets
not only the immunising species, but also the grass
mix allergen extract.®

BIRCH POLLEN ALLERGY

As in cold and temperate regions, birch pollen
allergy affects approximately 20% of the population,
e.g. in central and northern Europe,*® the major
birch pollen allergen, Bet v 1, is one of the first
recombinant allergens extensively studied for
allergy vaccination. Bet v 1 is the disease-eliciting
allergen in approximately 90% of birch pollen
sensitised patients and Bet v 1-cross-reacting

allergens also cause symptoms to related
tree  pollen and foods® IgE  reactivity
to the major birch pollen allergen

Bet v 1 allows us to distinguish patients who are
genuinely sensitised to birch pollen, while patients
who exhibit positive skin tests to birch pollen
extracts, but who have not been exposed to birch,
have IgE to cross-reactive allergens, such as Bet v
2. So, the use of rBet v 1is recommended in order
to confirm the diagnosis of birch pollen allergy,
before initiating immunotherapy.*®

RESPIRATORY ¢ October 2013

Bet v 1 vaccines, based on hypoallergenic
recombinant rBet v 1, have demonstrated an
improvement in allergic symptoms and favourably
modify the immune response to Bet v 1. Vaccination
with rBet v 1, formulated as tablets for sublingual
administration, revealed clinically-relevant efficacy
in rhino conjunctivitis patients, reducing symptoms
and rescue medication compared to placebo.339-43

The profilin Bet v 2 is an actin-binding protein
firstly identified as an allergen in birch, with
homologous counterparts in a high number of
pollens from phylogenetically-distant botanical
families.** Detecting IgE reactivity to a single
marker protein such as Bet v 2 is sufficient to
diagnose or exclude sensitisation to profilins.
Detecting IgE to multiple homologous, cross-
reacting allergen proteins is not clinically more
informative and increases the risk of confusion
and misinterpretation.®

PARIETARIA POLLEN ALLERGY

Parietaria profilin Par j 2 might not share IgE-
binding epitopes with profilins from other
seasonal airborne allergens. Skin prick tests to
Parietaria pollen is often negative in patients
showing multiple pollen sensitisations, suggesting
that Par J 2 might not always cross-react with
profilins from other plant species. One study
demonstrated that only less than 50% of patients
hypersensitive to birch and grass profilins
recognise this cross-reacting, ubiquitous allergenic
protein in Parietaria pollen, and most of those
who react to Parietaria profilin are sensitised also
to the major, specific pellitory allergens, with
practical relevance when the prescription of spec<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>