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Abstract: Alpha-1 Antitrypsin Deficiency (AATD) is a rare genetic condition that predis-
poses patients to lung and liver disease and is often underdiagnosed due to incomplete
diagnosis of chronic obstructive pulmonary disease (COPD) and asthma. Improvements in
physician awareness have been made, but better strategies for both diagnosis and manage-
ment are still required. The only current disease-modifying therapy for AATD is the infusion
of the missing Alpha-1 Antitrypsin (AAT) protein, which can slow progression of emphy-
sema. However, AAT treatment can impact patient freedom and quality of life due to the
need for weekly intravenous infusions. A symposium was held to discuss patient-centric
aspects of care that have impact on the lives of patients with AATD, including exacerbations
of their lung disease, self-administration of intravenous AAT therapy and pulmonary reha-
bilitation. Intravenous self-infusion of drugs is an established treatment strategy for patients
with a variety of conditions and can improve patient quality of life, freedom and mental
well-being. Experience from these areas show that patients typically manage their treatment
well and without complications. When applied to AATD, training patients to self-infuse
therapy can be successful, but formal guidelines would be beneficial. In addition to phar-
macological intervention, individualized pulmonary rehabilitation, exercise and educational
programs can encourage health-enhancing patient behavior and further improve patient
quality of life. However, differences in skeletal muscle adaptations to pulmonary rehabilita-
tion exercise regimens have been observed between patients with AATD and non-AATD
COPD, highlighting the need to develop training programs specifically designed for patients
with AATD.

Keywords: alpha-1 antitrypsin, chronic obstructive pulmonary disease, exacerbations,
quality of life, pulmonary rehabilitation, self-administration

Introduction

Alpha-1 Antitrypsin (AAT) is a 52 kDa serine proteinase inhibitor produced
primarily in the liver. One of its main functions is to protect the lungs from
proteinase-mediated tissue destruction.' The normal and most common form of
AAT in the general population is the M-type variant, and those homozygous for the
M allele (PI*MM) have AAT plasma levels >20 pmol.! However, approximately
130 mutations that result in AAT deficiency (AATD) have been identified,” ™ and
some are associated with AAT levels of approximately 5—6 umol.'” In patients with
severe AATD, low levels of AAT can contribute to destruction of lung tissue by
uninhibited proteinases, especially neutrophil elastase,® which can eventually pro-
gress to emphysema. Although patients with AATD usually present with symptoms
similar to non-AATD chronic obstructive pulmonary disease (COPD), AATD is
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commonly associated with longer disease exacerbations,
which has been shown to worsen patient health status
based upon respiratory questionnaires and changes in
lung function.”

AATD is greatly underdiagnosed due to a lack of dis-
ease awareness and difficulties in confirming cases of
AATD, which are often incompletely diagnosed as non-
AATD COPD or asthma,*®’ leading to long delays in
obtaining a confirmed diagnosis and appropriate disease

management. 10,11

Although there have been recent
improvements in raising awareness of AATD and its man-
agement, through educational initiatives and availability of
testing,'? efforts should be maintained to increase detec-
tion rates, which are still below 10% in most countries."?
Current initiatives also aim to advance personalization of
AATD management, enhancing the use of effective non-
medical and medical treatments, and decreasing the burden
on patient quality of life (QoL).

Currently, the only disease-modifying treatment for
AATD is weekly intravenous (IV) AAT therapy, which is

for 14,15

efficacious slowing emphysema progression.
However, the need for weekly visits to healthcare provi-
ders can be troublesome for patients. Emerging treatment
options therefore aim to improve patient convenience with
extended interval dosing and self-administration strategies.
Self-administration is already practiced successfully by
patients with severe hemophilia and by those with heredi-
tary (HAE).'®*'7 In HAE, IV self-

administration decreases frequency of attacks, improves

angioedema

patient QoL, and reduces hospitalization and burden on
healthcare resources.'®2° However, unlike HAE, where
rapid administration is essential to protect patients from
life-threatening events, in AATD, self-administration pri-
marily improves patient convenience. Improvements in
patient education on type and severity of disease exacer-
bations should be made to ensure rapid and appropriate
treatment. Tailor-made rehabilitation programs for patients
with AATD are also specifically being developed to opti-
mize and maintain response to AAT therapy.

These topics formed the basis of a symposium at the
2019 European Respiratory Society International Congress
in Madrid, Spain, which had a specific focus on these areas
that can help empower patients and healthcare profes-
sionals. The symposium welcomed delegates, who were
predominantly clinicians, from 21 countries. This review
summarizes key principles from the symposium, with the
aim of supporting diagnosis and optimal management of
patients with AATD.

Modifiers of Quality of Life in
Patients with AATD: Focus on

Exacerbations

Exacerbations of COPD are important patient-reported
events, defined as a sustained worsening of symptoms
beyond normal variations that may require additional
treatment.”’ An increase in length and number of exacer-
bations negatively impacts patient QoL, morbidity, and
in AATD (Figure 1A)" and non-AATD
COPD.?*** The number of exacerbations experienced by

mortality

patients with AATD is similar to that associated with non-
AATD COPD.”** However, patients with AATD
typically show evidence of increased neutrophil elastase
activity in the sputum at exacerbation onset;
a characteristic that is greater in AATD than non-AATD
COPD. In non-AATD COPD, sputum eclastase activity
resolves upon antibiotic treatment, whereas sputum elas-
tase activity decreases with antibiotic treatment but still
remains elevated in AATD,” highlighting a clear patholo-
gical difference between AATD and non-AATD COPD.
In AATD, disease progression is greatly impacted by
exacerbation frequency; more frequent exacerbations are
significantly associated with a decline in lung vital capa-
city (Figure 1B).%® Furthermore, delay in antibiotic treat-
ment is associated with an increase in total exacerbation
length (Figure 1C),%” highlighting the need for prompt
intervention by physicians with empirical antibiotics.
Exacerbations are characterized by increased dyspnea,
increased sputum volume and new or increased sputum
purulence. Of note, while patients with AATD more fre-
quently seek treatment for dyspnea and sputum volume
during disease exacerbations,”® patients are less worried
about any changes in sputum color. However, sputum
color is a more reliable indicator of bacterial infection
requiring antibiotic treatment and the associated increase
in sputum elastase activity.?’ Therefore, patients experien-
cing a change in sputum color (Figure 2) should be
advised to seek medical treatment and should be pre-
scribed antibiotic therapy as early as possible to reduce
exacerbation length, elastase activity, and protect lung
tissues,”® which can ultimately affect disease progression.
IV AAT therapy reduces plasma levels of Aa-Val*®,
a neutrophil elastase-specific fibrinogen cleavage product
and biomarker of neutrophil elastase activity, within the
lungs in a dose-related manner. Given the elevated levels
of elastase activity seen in patients with AATD and during
disease exacerbations, biomarkers of elastase activity
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Figure | Exacerbations have a negative impact on QoL and lung function in patients with AATD. (A) Box and whisker plot showing SGRQ total scores at 12 months in
AATD patients with no, infrequent and frequent AATD exacerbations.” (B) The relationship between change in vital capacity and exacerbation frequency in patients with
AATD.% (C) Rationale for early intervention with antibiotic therapy: Total exacerbation length is related to the length of time in delaying treatment.

Notes: Higher SGRQ scores are correlated with lower lung function measurements. (A) Reproduced with permission of the © ERS 2020: European Respiratory Journal
2005 25: 992-1000; DOI: 10.1183/09031936.05.00074704.7 (B) Reprinted with permission of the American Thoracic Society. Copyright © 2020 American Thoracic Society.
All rights reserved. Dowson et al (2001). Longitudinal changes in physiological, radiological, and health status measurements in al-antitrypsin deficiency and factors
associated with decline. Am | Respir Crit Care Med. 164;1805-1809.%° The American Journal of Respiratory and Critical Care Medicine is an official journal of the American

Thoracic Society.

Abbreviations: AATD, Alpha-| Antitrypsin Deficiency; n, Number of Patients; p, Level of Significance; QoL, Quality of Life; r, Pearson Correlation Coefficient; SGRQ, St

George’s Respiratory Questionnaire.

could be utilized to measure an effect of AAT therapy.
Findings from the EXACTLE trial, where computed tomo-
graphy and exacerbations were used to assess the thera-
peutic effect of IV AAT therapy, suggest that AAT therapy
reduces exacerbation severity rather than exacerbation fre-
quency, which was unaltered.’® Furthermore, although an
effect of AAT therapy on exacerbations was not seen in the
RAPID trial,'*'® the trial was not specifically designed to
address this possibility, and was therefore underpowered to
assess exacerbations as an endpoint. Further research in

this area is required. However, the RAPID trial did show

a decrease in the rate of loss of lung tissue in treated

subjects compared with controls.'*!>

Improving the Convenience of IV
AAT Therapy Through

Self-Administration

The need for weekly travel to a physician/hospital or require-
ment for nurse visits for [V AAT therapy can have a negative
effect on patient QoL and their ability to fulfill family and
work-related tasks. Self-administration of IV therapy by
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Figure 2 Sputum color chart used at Queen Elizabeth Hospital, Birmingham, UK. In symptom-based diary cards, sputum color is graded |-5. Samples graded 3-5 indicate

increasing neutrophilic infiltration and concomitant elastase activity.

patients at home on the other hand, may be beneficial by
allowing patients to take an active role in their disease
management. Self-administration of IV antibiotics has been
used successfully since the 1980s for a variety of conditions
and demonstrated to be well tolerated, effective and cost-
efficient, whilst also improving patient well-being.>' Self-
administration has also been utilized and demonstrated QoL
benefits in other therapy areas such as Fabry disease,” pri-
mary immune deficiency,”> hemophilia,** and HAE.*

The benefits of self-administration are exemplified by
its implementation in HAE, a disease that has several
parallels with AATD: both are genetic disorders asso-
ciated with genes in the SERPIN superfamily of serine
proteases and are treated with IV plasma products to
replace deficient proteins. HAE is a rare autosomal domi-
nant disorder characterized by severe attacks of swelling
in the limbs, face, intestinal tract and airways, which can
be fatal.’® Patients with severe HAE attacks have
in QoL after IV self-
administration at home in comparison to administration

reported improvements

at the clinic.® In addition, self-administration has been
shown to reduce hospital administration for acute HAE

attacks and related healthcare costs.>’ Together, these
benefits from self-administration in HAE are transferable
to AATD for the perspective of patient convenience and
likely to be transferable in terms of healthcare system
cost.

Experience with Self-Administration in
AATD from the Patient and Physician

Perspective

Self-administration of IV therapy is currently uncommon
for AATD, particularly in Europe. However, author experi-
ence suggests that it can be easily learned and safely
performed by patients at home. Self-administration with
IV AAT can improve patient independence, allow patients
with AATD to gain control of their lives and provide
greater  freedom, particularly = regarding travel.
Nevertheless, careful patient selection is an important
aspect of the success of AATD self-administration strate-
gies (Figure 3). In a survey of 15 clinicians treating AATD
in 13 European countries, AATD experts outlined their

ideal candidate for AAT self-administration and suggested
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Dexterity

* Does the patient have
comorbidities that affect
dexterity? eg, arthritis

Age

* Older patients: impact of
frailty

* Younger patients: easier to
access the clinic?

Distance from infusion

center

* Patients in rural areas may
particularly benefit

Coghnition

Motivation to self-administer

* Does the patient feel they
require more freedom as
their current infusion regimen
is a burden?

Disease status

* May be inappropriate in
patients with very advanced
disease

* Does the patient have
comorbidities that affect
cognition? eg, dementia

Figure 3 Patient factors that may influence implementation of self-administration.

“Over 50 years old,
full time job,
compliant”

“A disabled, older
patient living a distance
from the hospital,
or a young patient
still in work”

“Young, working
person with poor
access to the
hospital”

“Patients without
cognitive impairment
in work who have the
ability to work cleanly

and efficiently”

“An older, active

patient potentially

receiving oxygen
therapy”

“Young, active,
mobile, in
employment,
with family”

Figure 4 Selecting the right patient for self-administration — expert pulmonologist perspectives on the ideal candidate.
Note: Reproduced with permission of the © ERS 2020. ER] Open Research 5 (1) 00171-2018; DOI: 10.1183/23120541.00171-2018 Published 10 March 2019.2

that a number of patient groups would benefit from self-

administration (Figure 4).® However, physicians may be

cautious about introducing self-administration; the same

survey also suggested that safety concerns surrounding IV
administration was the greatest concern that physicians

had regarding self-administration, as fewer resources
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would be available to patients at home in the event of an
emergency than if the same emergency happened in
The self-

administration was considered as giving patients greater
8

clinic.® most important advantage for
independence.

Despite these reservations, AlphaNet, a not-for-profit
organization providing customized patient care and innova-
tive disease management for patients with AATD, conducted
a survey of 44 patients with AATD that were actively self-
administering AAT therapy in the United States. Results
from this AlphaNet patient survey suggest that self-
administration can be safely performed by patients with
AATD.*® In addition, the majority of patients surveyed
were either very satisfied (95.4%), or satisfied (4.6%) with
self-administration and most required minimal training, sup-
porting the use of self-administration for AATD.*® Infusion
durations during this study were generally in-line with licen-
sing recommendations and only 11% of patients reported
challenges, with reports of difficulty determining injection
site, problems finding a vein, port blockage, or IV stick
injury.*® The majority of patients (83.7%) experienced no
difficulties with self-administration.*® The potential success
of self-administration for AATD is highlighted by the finding
that 46% of patients had been self-administering IV AAT
therapy for 1-5 years and 18% had been self-administering
for over 10 years.*®

Moving Forward with Self-Administration
in AATD

There is currently only one IV AAT product available in
Europe that is licensed for self-administration to slow the
progression of emphysema in patients with severe AATD
(Respreeza®™, CSL Behring).” However, initiatives are
required to inform physicians regarding potential benefits
of self-administration in the right patients and to encourage
wider adoption of this strategy in Europe. This could lead to
the implementation of case—control studies of IV AAT self-
administration, to ensure that a self-administration strategy
is beneficial for patients. In addition, ensuring compliance
to self-administration is an important consideration given
the expense of the therapy, and should ideally be monitored,
eg, with mechanisms such as returning used vials to the
pharmacy. A case—control study could help to establish best
practice in terms of monitoring compliance of self-
administration. Once further data and experience are avail-
able, the aim should be to establish formal guidelines for
AAT self-administration, in addition to formal training and

educational programs for both patients with AATD and
their families. Guidelines for AAT self-administration can
draw upon examples of guidelines developed for HAE,
where all patients are considered for self-administration
training.***' With AATD, some patients are unaware that
self-administration is an option for treatment, and some
prefer IV AAT therapy to be performed in the clinic. In
either case, providing formal training and patient support
would greatly improve patient confidence and their ability
to self-administer independently.

Going a Step Further: The Value of
Pulmonary Rehabilitation in AATD

Treatment
Pulmonary rehabilitation is a comprehensive exercise and
educational intervention program that is based upon thorough
patient assessment to achieve patient-tailored lung therapy and
promote long-term adherence to health-enhancing behaviors.
In patients with non-AATD COPD, pulmonary rehabilitation
has been shown to improve symptoms and QoL.**** The
individual program and aims of pulmonary rehabilitation
need to consider comorbidities, such as cardiovascular condi-
tions and cachexia, as well as metabolic and psychological
conditions (Figure 5).** Understanding individual patient
needs and limitations is necessary to enable customization of
rehabilitation programs to optimize patient outcome.
However, it is important to note that rehabilitation only
increases potential capacity of patients and does not necessa-
rily lead to increased daily activity, emphasizing the impor-
tance of encouraging patients to translate their increased
exercise capacity into adaptive behavioral changes in daily
life.*> One goal of pulmonary rehabilitation is to combine
exercise training with optimal bronchodilation with inhaled
medications. Selection of the right inhaler and training of
inhalation technique increases the ability to perform high-
intensity physical training; bronchodilator therapy prolongs
endurance time and reduces breathlessness,*>*® further high-
lighting the importance of medication adherence in rehabilita-
tion for COPD and AATD.

Although there is limited evidence for the use of pulmon-
ary rehabilitation in patients with AATD, success has been
demonstrated in a small number of studies. Short-term com-
prehensive pulmonary rehabilitation has been shown to
improve exercise capacity and health-related QoL in patients
awaiting lung transplantation due to end-stage lung disease
for AATD and non-AATD COPD, independent of the under-
lying lung disease.”’

Post-pulmonary  rehabilitation,
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» Poor exacerbation
management skills

» Cognitive impairments

* Poor coping skills

 Anxiety/depression

* Hyperinflation
+ Diffusion impairment
* Airflow limitation

* Abnormally low
muscle mass

* Cardiovascular risk

» Osteoporosis

» Abnormal weight
« Fat distribution shift
* Lower limb muscle

weakness

* Loss of muscle

endurance

Figure 5 Treatable traits typical to patients with AATD that may affect approach to pulmonary rehabilitation. Data from Schols et a

Abbreviation: AATD, Alpha-1 Antitrypsin Deficiency.

improvement in patients’ physical ability was similar
between lung transplant candidates with AATD and non-
AATD COPD, as measured by the 6-minute walking distance
assessment.*’ Furthermore, a significant improvement in the
mental health component summary of the SF36 QoL ques-
tionnaire was also seen in patients with AATD waiting for
lung transplantation.*’

When comparable pulmonary rehabilitation programs
were carried out on patients with AATD and non-AATD
COPD, differences in skeletal muscle adaptations were
noted. An increase in the proportion of oxidative type
I myofibers, which are more efficient over long periods of
time, was observed only in patients with non-AATD
COPD.* In contrast, positive adaptations in type IIA myofi-
bers, which are more efficient for short bursts of energy, were
only observed in patients with AATD.*® Moreover, COPD
patients with the pathogenic AATD genotype (PI*ZZ) but
not the normal COPD genotype (PI*MM) showed positive
adaptation in capillarization in response to exercise
training.*® Together, this data suggests that patients with
AATD require different training regimens to patients with
non-AATD COPD, but recommendations of which compo-
nents and at which intensity are most efficient are lacking in
clinical practice. Further studies are required to advise

LSI

pulmonary rehabilitation guidelines in patients with AATD,
and currently, a study aimed at determining a training pro-
gram for improving the effects of pulmonary rehabilitation in
patients with AATD is ongoing.*’ It is theorized that this
study will demonstrate that high-intensity training programs,
which require short bursts of energy, will benefit patients
with AATD more than moderate-intensity training due to
type IIA myofiber adaptations observed in these patients.**
By comparison, non-AATD COPD patients show increases
in type I myofibers in response to training,*® and patients
may, therefore, benefit more from moderate-intensity train-
ing programs that require longer bursts of energy.*® Defining
a training program specifically for patients with AATD may
help demonstrate QoL benefits. Pulmonary rehabilitation is
recommended by COPD guidelines in general, but in the
more specific guidelines for patients with AATD, currently,
only the Canadian Thoracic Society statement specifically
mentions this treatment option,”® and so there is potential to
expand these recommendations into international guidelines/
statements on AATD.

Conclusion
Despite general improvements in the management of patients
with AATD, there are several specific considerations that may
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improve patient QoL and impact disease outcome. Early anti-
biotic therapy shortly after the onset of an exacerbation with
purulent sputum can reduce total exacerbation length and can
decrease progression of irreversible lung damage. Self-
infusion of IV AAT therapy can be easily learned and safely
performed, allowing patients with AATD to regain control of
their lives, provide greater independence and improve well-
being. Increased awareness of the option to self-infuse AAT
therapy is needed among both physicians and patients.
However, careful patient selection is crucial to the success of
self-administration for AATD. In addition, formal guidelines
and educational programs are required for self-administration
in patients with AATD. Standardization of training recommen-
dations may encourage more physicians to consider self-
administration practices for AATD, in the right patient.
Pulmonary rehabilitation, which is widely underused in
patients with AATD and non-AATD COPD alike, is equally
beneficial for both, improving patient QoL and decreasing
breathlessness, and therefore should be encouraged along
with self-administration of IV AAT therapy. However, training
regimens specifically designed for patients with AATD may
further improve outcome and overcome differences in muscle
adaptations compared to patients with COPD.
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