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Abstract Augmentation with intravenous infusions of
human oy-proteinase inhibitor [Respreeza® (EU);
Zemaira® (USA)] slows the progression of emphysema in
patients with severe oy-antitrypsin (AAT)-deficiency
emphysema. In the randomized, double-blind RAPID trial
in patients with severe AAT-deficiency emphysema,
Respreeza®/Zemaira® significantly reduced the mean
annual rate of lung density loss based on computed
tomography imaging at total lung capacity (TLC), but not
at functional residual capacity (FRC) or combined
TLC + FRC measurements. Respreeza®/Zemaira® s
generally well tolerated, with a generally similar tolera-
bility profile to that of placebo.

Adis evaluation of intravenous Respreeza®/Zemaira® in o;-

antitrypsin deficiency emphysema

Slows the loss of lung density, thereby showing the progress of
emphysema

Preliminary evidence shows treatment should be commenced early
when indicated

Generally well tolerated

Highly purified formulation that undergoes viral inactivation/
removal processes; but, as with any product made from human
plasma, carries a very low risk of transmitting infective agents
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What is the rationale for using human
o -proteinase inhibitor?

o -Antitrypsin (AAT) deficiency is an inherited disorder
that predisposes individuals to liver disease and early-onset
emphysema [1-4]. AAT (also known as o,-proteinase
inhibitor) belongs to the family of serine protease inhibitors
and is thought to be the major anti-protease in the lower
respiratory tract, where it inhibits neutrophil elastase (NE)
[1-4]. NE is produced by neutrophils activated in response
to events such as respiratory infection and smoking. In
people with normal levels of AAT, NE activity is con-
trolled, thereby preventing undesirable proteolysis of lung
tissue. However, in individuals with AAT deficiency,
activity of NE is poorly controlled, resulting in elastin
damage and contributing to the development of emphy-
sema [1-4].

AAT deficiency is thought to be underdiagnosed, and is
considered one of the most prevalent inherited disorders
among people of European descent [5]. The American
Thoracic Society and European Respiratory Society rec-
ommend that clinicians consider a diagnosis of AAT
deficiency in all emphysema patients with onset aged
<45 years and in those with no known risk factors [6].
Individuals with AAT deficiency are most likely to present
with pulmonary disease as early as the third to the fourth
and fifth decades of life, with the risk of early disease onset
being higher in smokers [7-10]. Where suspicion of AAT
deficiency exists, diagnosis can be confirmed by measuring
serum ATT levels and phenotyping [6]. Most common
mutations in AAT deficiency show deficient alleles homo-
or heterozygous for the ‘S’ or ‘Z’ variants, with null
variants being much less common [2].

Although estimates of prevalence vary, one report based
on genetic epidemiological surveys that included 93


http://crossmark.crossref.org/dialog/?doi=10.1007/s40267-016-0338-x&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s40267-016-0338-x&amp;domain=pdf

423

countries found that out of a population of ~5.2 billion,
~ 182,000 (0.003 %) individuals carried the proteinase
inhibitor genotype ZZ (PiZZ), which is associated with
severe AAT deficiency [11]. The proportion of these
individuals who will develop emphysema is unknown, but
it is thought that the majority remain unaffected [10].

Augmenting serum levels of o,-proteinase inhibitor in
individuals with severe AAT-deficiency emphysema rep-
resents a rational approach to treatment [3, 12]. Intravenous
(IV) infusions of human o,-proteinase inhibitor are the
only specific approved therapy for AAT deficiency that are
currently available [13, 14]. Disease progression [as
assessed by rates of decline of forced expiratory volume in
1 second (FEV,), gas transfer and lung density (a potential
surrogate measure for survival) and other outcomes] has
been shown to vary markedly in both in smokers and non-
smokers with AAT deficiency. As a result, some, but not
all, patients with AAT-deficiency emphysema will require
augmentation with an o,-proteinase inhibitor. A personal-
ized, risk-based approach to patient management should be
implemented [15, 16], with augmentation therapy being
initiated only when there is evidence of progressive disease
subsequent to optimal standard therapy (including smoking
cessation) [3].

ao;-Proteinase inhibitor is produced from the plasma of
human donors. This article focuses on one such agent
approved in the EU in 2015 (Respreeza®) [13] and in the
USA in 2003 (Zemaira®) [14]; henceforth referred to as
Respreeza®.

How does Respreeza® work?

In patients with AAT-deficiency emphysema, IV infusions
of o;-proteinase inhibitor increase plasma levels beyond
the protective threshold (11 uM) [2]. This leads to
increased inhibition of NE in the lung, thereby controlling
NE-induced destruction of lung elastin and alveolar walls
[2]. In a randomized, crossover, 24-week trial (double-
blind for the first 10 weeks) in patients with AAT-defi-
ciency emphysema, once steady-state was achieved,
weekly infusions of Respreeza® 60 mg/kg produced mean
trough serum levels of o,-proteinase inhibitor above the
therapeutic threshold [4]. Furthermore, steady-state mean
trough serum levels from week 7 to 11 (period of com-
parison selected based on expectation that all subjects
would achieve steady-state trough serum levels after 6
doses of Respreeza®) were bioequivalent to those observed
after weekly infusions of Prolastin® (another human o-
proteinase inhibitor) [4].

The mean half-life of o;-proteinase inhibitor following
weekly IV Respreeza® 60 mg/kg was estimated at 6.8 days
(consistent with weekly administration) based on a

population pharmacokinetic analysis using data from the
RAPID trial [17]. At this dosage, the model predicted a
mean steady-state trough o,-proteinase inhibitor level of
16.2 uM. The analysis found that pharmacokinetic
parameters were not significantly influenced by age, gen-
der, bodyweight or baseline serum o-proteinase inhibitor
levels [17].

During the manufacturing process of Respreeza®, the
product is highly purified and undergoes viral inactivation/
removal processes [13]. A pilot study that compared each
of the o;-proteinase inhibitors commercially available in
the USA found clear differences in the purity profiles, with
Respreeza® having greater purity than Aralast® and Pro-
lastin® [18]. Thus, Respreeza® would be expected to
deliver a lower non-therapeutic protein load than the other
two agents.

For whom is Respreeza® indicated?

Respreeza® is indicated for the maintenance treatment of
emphysema in adults with confirmed severe AAT-defi-
ciency [13, 14]. The EU prescribing information further
specifies that patients are to be receiving optimal phar-
macological and non-pharmacological treatment and have
evidence of progressive lung disease (e.g. FEV, predicted,
impaired walking capacity or an increased number of
exacerbations) [Table 1] [13].

What is the clinical efficacy of Respreeza®?

As indicated by a meta-analysis [19], results of observa-
tional and cohort studies in individuals with AAT-defi-
ciency emphysema indicated that human o,-proteinase
inhibitor (usually Prolastin®) augmentation therapy
achieved a slower rate of FEV, decline than that observed
with placebo. Furthermore, one study demonstrated a
potential survival benefit with oy-proteinase inhibitor
augmentation in patients with severe pulmonary disease
[20]. However, no randomized, placebo-controlled trials
have demonstrated a reduction in emphysema progression
with oy-proteinase inhibitor therapy using established
endpoints such as FEV, [12]. Because the decline in FEV,
in emphysema patients is gradual over many years and
because of the rare nature of AAT deficiency, the size and
cost of a well-controlled trial using accepted endpoints is
considered prohibitive. Therefore, computed tomography
(CT)-measured lung density, which is a more sensitive
measure of disease progression in AAT-deficiency
emphysema than spirometry, has been used to evaluate
efficacy in clinical trials [21].
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Table 1 Prescribing summary of human o,-proteinase inhibitor (Res reeza®) in o;-antitrypsin deficiency emphysema in the EU . Consult
g y 12 P yp y emphy:

local prescribing information for further details

What is its approved indication?

Maintenance treatment of emphysema to slow progression of the disease in adults with documented severe AAT-deficiency [e.g. genotypes
PiZZ, PiZ(null), Pi(null,null), PiSZ]. Patients are to be receiving optimal pharmacological and non-pharmacological treatment and have
evidence of progressive lung disease (e.g. lower FEV; predicted, impaired walking capacity or increased number of exacerbations), as
evaluated by a healthcare professional experienced in the treatment of AAT-deficiency

How is it available and what does it contain?

Single-use vial containing 1000 mg o, -proteinase inhibitor powder and 20 mg solvent for solution for infusion; after reconstitution, the solution

contains &~ 50 mg/mL of human o,-proteinase inhibitor
How should it be stored?
Before reconstitution

After reconstitution
25 °C)
How should it be administered in adults?
Method
Recommended dose 60 mg/kg once weekly

Infusion rate
tolerability

How should it be used in special populations?
Elderly

Patients with renal or hepatic
impairment

What are the contraindications to its use?
Hypersensitivity to the active substance or any of its excipients

IgA deficient patients with known antibodies against IgA

Do not store above 25 °C; do not freeze

Use immediately after reconstitution; stability has been shown for 3 h at room temperature (up to

IV infusion after reconstitution; filter (recommended pore size 5 pm) infusion during administration

Infuse using a separate dedicated infusion line at a rate of ~0.8 mL/kg/min; adjust based on patient

Safety and efficacy not established in specific clinical trials

No specific data; no alternative dosage regimen recommended

What special warnings and precautions regarding hypersensitivity reactions pertain to its use?

Administer the first infusion under the supervision of a healthcare professional experienced in the treatment of AAT-deficiency

Monitor the patient’s clinical state, including vital signs, throughout the first infusion

In the event of a reaction to Respreeza®, decrease the infusion rate or stop the infusion depending on the clinical condition of the patient; the
infusion may be resumed at a lower rate if symptoms subside promptly after stopping

Hypersensitivity reactions may occur in patients who have tolerated previous treatment with human o-proteinase inhibitor

In the event of shock, administer emergency medical treatment

Consider home treatment and/or self-administration for infusions subsequent to the first

If home treatment is being carried out, train and review patients/caregivers regularly and inform patients/caregivers of the signs of

hypersensitivity reactions

What other special warnings and precautions pertain to its use?

Consider vaccination for hepatitis A and B

For patients on a low sodium diet, take the sodium content of Respreeza® (1.9 mg/L) into account

AAT o,-antitrypsin, FEV; forced expiratory volume in 1 second, /gA immunoglobulin A, /V intravenous

The RAPID trial

In the double-blind RAPID trial, 180 patients with
emphysema (FEV; 35-70 % of predicted value) sec-
ondary to severe AAT deficiency (serum AAT level
<11 uM) were randomized to receive weekly IV infu-
sions of Respreeza® 60 mg/kg or placebo for 24 months
[21]. Ninety-three percent of patients were the ZZ geno-
type, which is associated with severe AAT deficiency.
Patients who had smoked in the previous 6 months were
excluded.
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The trial used CT imaging to evaluate the clinical effi-
cacy of human o,-proteinase inhibitor augmentation ther-
apy [21]. CT imaging was selected because it is a more
sensitive measure of lung disease progression than
spirometry, thereby facilitating a randomized, controlled
trial in fewer patients over a shorter time period. Spiral CT
scans at total lung capacity (TLC) and functional residual
capacity (FRC) were performed at baseline and at 3, 12, 21
and 24 months to evaluate the annual rate of decrease in
lung density, which was calculated from the shift of the
15th percentile of lung density (primary analysis) [21].
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Table 2 Efficacy of once-weekly intravenous Respreeza® 60 mg/

kg in patients with severe o -antitrypsin deficiency emphysema [ ]

Endpoint Respreeza® vs.

placebo

Total lung capacity
At baseline (mean g/L) 45.5 vs. 48.9
At 24 months (g/L/year) —1.45 vs. =2.19
Absolute difference (g/L/year) [95 % CI] 0.74 [0.06, 1.42]*
Relative reduction 34 %

Functional residual capacity
At baseline (mean g/L) 47.6 vs. 50.7
At 24 months (g/L/year) —1.54 vs. —2.02
Absolute difference (g/L/year) [95 % CI] 0.48 [—0.22, 1.18]
Relative reduction 24 %

Combined (total lung capacity + functional residual capacity)
At baseline (mean g/L) 46.6 vs. 49.8
At 24 months (g/L/year) —1.50 vs. —2.12
Absolute difference (g/L/year) [95 % CI] 0.62 [—0.02, 1.26]
Relative reduction 20 %

Lung density was evaluated by computed tomography in the modified
intent-to-treat population (Respreeza® n = 93; placebo n = 87). The
annual rate of lung density decrease was calculated from the shift of
the 15th percentile of lung density from baseline

*p =0.03

The mean annual rate of lung density loss based on TLC
was significantly lower in patients receiving Respreeza®
than in those receiving placebo (Table 2) [21]. However,
the annual rate of lung density loss based on FRC and a
combined assessment of TLC and FRC did not differ
between the Respreeza® and placebo groups. The lack of a
significant treatment effect with Respreeza® with regard to
CT imaging at FRC is likely due to the greater variation in
CT measured density at FRC than at TLC [21].

At 24 months, the mean increase from baseline in o;-
proteinase inhibitor levels was significantly (p = 0.02)
greater with Respreeza® than with placebo (secondary
endpoint) [21]. However, there were no significant differ-
ences between the Respreeza® and placebo groups with
regard to other secondary efficacy endpoints, including
spirometry, exacerbations, St George’s Respiratory Ques-
tionnaire scores and shuttle walk distance. As the RAPID
trial was not designed with sufficient power to detect
changes in these conventional pulmonary function and
clinical endpoints, the lack of significant between-group
differences is not surprising [21].

An estimate of time to terminal respiratory failure (ei-
ther death or lung transplantation) based on RAPID data
was estimated at 18.1 and 12.3 years for Respreeza® and
placebo recipients, respectively [21]. The time to terminal
respiratory failure was extrapolated from two lung density
values (i.e. average lung density at study exit for the five

patients who experienced a terminal event and at baseline
for all enrolled patients) and the rates of annual lung
density decrease at TLC [21].

Extension phase

Results of a 2-year open-label extension phase of the
RAPID trial suggest that early treatment with human o;-
proteinase inhibitor in patients with severe AAT-deficiency
emphysema may be more beneficial than later treatment
[21, 22]. After 4 years, patients who started Respreeza® at
the beginning of the RAPID trial had numerically lower
levels of lung density decline than those who commenced
Respreeza® at the beginning of the extension phase. While
lung density loss was slowed with the switch from placebo
to Respreeza®, lung parenchyma loss during the placebo
period was not recovered.

Post-hoc analyses

Post-hoc per-protocol analyses found that lung density
correlated with pulmonary function, and that the annual
rate of lung density decline was inversely proportional to
trough serum o -proteinase inhibitor levels [21]. As a
result, further investigation of optimum dosage regimens
may be needed [21]. During active treatment, trough
serum oj-proteinase inhibitor levels tended to be higher in
patients with a higher bodyweight and in those with
higher pretreatment levels of serum o;-proteinase
inhibitor.

An analysis of CT data indicated that the reduction in
the loss of lung density in Respreeza®-treated patients was
associated with a reduction in the loss of lung mass,
indicative of a reduction in the rate of emphysema pro-
gression [23]. Further analysis of CT data indicated that the
reduction in lung density decline observed with
Respreeza® therapy was greater in the basal and mid-lung
regions than in the apical region. Although the clinical
significance of this finding is not clear, emphysema in
patients with AAT deficiency is predominantly basal in
distribution [24].

What is the tolerability profile of Respreeza®?

Respreeza® is generally well tolerated and, in the RAPID
trial, the incidence of adverse events with Respreeza® was
generally similar to that with placebo [21]. Ninety-nine
percent of patients in both the Respreeza® (n = 93) and
placebo (n = 87) groups reported at least one treatment-
emergent adverse event, with 27 and 31 % in each group,
respectively, experiencing at least one severe adverse
event. Adverse events in Respreeza and placebo groups
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that were considered to be related to study treatment
occurred in 23 and 24 % of patients, respectively. A single
treatment-emergent adverse event led to treatment with-
drawal in one patient receiving Respreeza® and 10 treat-
ment-emergent adverse events led to treatment withdrawal
in four patients receiving placebo. The time to the first
exacerbation of disease was not different between groups
[21]. During the 2-year trial, one (1 %) patient in the
Respreeza® group died (respiratory failure) and three (3 %)
patients in the placebo group died (sepsis, pneumonia and
metastatic breast cancer).

The most common treatment-related adverse events
associated with Respreeza® were headache and dizziness,
according to the results of an integrated safety analysis of
six clinical trials (221 patients received Respreeza®) [25].
Five serious adverse events were considered to be at least
possibly related to Respreeza® (enterocolitis, pancreatitis,
back pain, pulmonary fibrosis and undefined). There was
no evidence of antibody formation or viral transmission in
patients treated with Respreeza® [25].

In the randomized, crossover trial that evaluated bio-
chemical efficacy in patients with AAT-deficiency
emphysema, treatment-related adverse events were repor-
ted in 2 (7 %) of 30 patients treated with Respreeza® and 3
(21 %) of 14 patients treated with Prolastin® [4].

What is the current clinical positioning
of Respreeza®?

Augmentation with Respreeza®, a highly purified human
o-proteinase inhibitor, is a valuable option in the main-
tenance treatment of emphysema in patients with severe
AAT-deficiency. IV infusions of Respreeza® slow the rate
of loss of lung density, thereby slowing the progression of
emphysema, and are generally well tolerated. When indi-
cated, it may be beneficial to commence treatment with
Respreeza® relatively early in the course of the disease;
treatment later in the course of the disease slows lung
density loss, but does not recover lung parenchyma lost
prior to treatment. These findings underscore the impor-
tance of an early diagnosis in this under-recognized
condition.
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