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(57) ABSTRACT 

The present invention relates to a system that includes a 
pharmaceutical composition of a purified, stable, active 
alpha-1 proteinase inhibitor (API) in a form of a ready to use 
sterile solution and an inhalation nebulizer, and to methods of 
use thereof for treating pulmonary diseases. 
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PULMONARY DELVERY OF ALPHA-1 
PROTEINASE INHIBITOR 

FIELD OF THE INVENTION 

0001. The present invention relates to a system and meth 
ods of treating pulmonary diseases comprising the adminis 
tration of a ready-to-use liquid composition comprising 
alpha-1 proteinase inhibitor (API) in aerosol form in a nebu 
lizer. The API compositions are adapted to optimize the deliv 
ery of the active ingredient to the lungs. 

BACKGROUND OF THE INVENTION 

Alpha-1 Proteinase Inhibitor and Lung Disease 

0002 Alpha-1 proteinase inhibitor (API), also known as 
Alpha-1-antitrypsin (A1AT. AAT) and Serine protease inhibi 
tor, is a plasma-derived protein belonging to the family of 
serine proteinase inhibitors. It is a glycoprotein having an 
average molecular weight of 50,600 daltons, produced by the 
liver and secreted into the circulatory system. The protein is a 
single polypeptide chain, to which several oligosaccharide 
units are covalently bound. API has a role in controlling tissue 
destruction by endogenous serine proteinases, and is the most 
prevalent serine proteinase inhibitor in blood plasma. API 
inhibits, inter alia, trypsin, chymotrypsin, various types of 
elastases, skin collagenase, renin, urokinase and proteases of 
polymorphonuclear lymphocytes. 
0003) API is currently used therapeutically for the treat 
ment of pulmonary emphysema in patients who have a 
genetic API deficiency, also known as Alpha-1 Antitrypsin 
Deficiency or Congenital Emphysema. Purified API has been 
approved for replacement therapy (also known as “augmen 
tation therapy') in these patients. The endogenous role of API 
is to regulate the activity of neutrophil elastase, which breaks 
down foreign proteins present in the lung. In the absence of 
sufficient quantities of API, the elastase breaks down lung 
tissue, which over time results in chronic lung tissue damage 
and emphysema. 
0004 API has also been proposed as a treatment for cystic 
fibrosis (CF) patients who suffer from recurrent endobron 
chial infections and sinusitis. The major cause of morbidity 
and mortality among CF patients is lung diseases. CF patients 
carry a mutation in the CFTR gene, resulting in a malfunc 
tioning CTFR protein, defective water and salt transport and 
the ensuing thick secretions in the lung. 
0005. The membrane defect caused by the CFTR mutation 
leads to chronic lung inflammation and infection. In normal 
individuals, elastase secreted by neutrophils in response to 
infection is neutralized by API. API is known to penetrate into 
pulmonary tissue and exert its activity within this tissue. In 
patients with CF, however, the unregulated inflammatory 
response overwhelms the normal protease (elastase)/antipro 
tease (API) balance. The abnormal cycle is destructively self 
perpetuating and leads to the accumulation of elastase in the 
lung and ultimately to tissue damage, destruction of the lung 
architecture, severe pulmonary dysfunction and, ultimately, 
death. Supplemental API may reduce the deleterious effects 
associated with excessive amounts of elastase. International 
application WO 2005/027821 to one of the applicants of the 
present invention teaches a novel composition of purified, 
stable, active alpha-1 proteinase inhibitor (API) for intrave 
nous administration and inhalation, and process for its prepa 
ration. That application teaches an aerosol formulation com 
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prising about 10% to about 20% API. The contents of WO 
2005/027821 are incorporated herein by reference in their 
entirety. 
0006 API is currently administered intravenously. For 
example, the Aralast(R), Zemaira R and Prolastin R) brands of 
human Alpha-1-Proteinase Inhibitor are intravenous formu 
lations indicated for augmentation therapy in patients having 
congenital deficiency of API with clinically evident emphy 
sema. An API formulation for efficient administration in inha 
lation is highly desired, and not yet commercially available 
due to problems in achieving Suitable quantity, dispersion and 
activity of the protein. International Application 
WO2005048985 discloses compositions comprising API, 
which further comprise a stabilizing carbohydrate, a Surfac 
tant and an antioxidant to stabilize the API for use as a thera 
peutic, wherein the composition is preferably formulated to 
be administered by inhalation. 

Pulmonary Delivery of Pharmaceutical Compositions 
0007 International application WO 01/34232 to some of 
the applicants of the present invention, the contents of which 
are incorporated herein by reference in their entirety, dis 
closes an inhalation nebulizer providing an increased amount 
of aerosol during inhalation while minimizing both aerosol 
losses during exhalation and the residual drug in the nebulizer 
reservoir. The nebulizer includes an aerosol generator that 
atomizes the liquid through a vibrating diaphragm into par 
ticle sizes that are efficiently delivered to the lungs. This 
nebulizer is currently commercialized under the trade name 
eFlow(R). Classic jet and ultrasonic nebulizers have the disad 
Vantage of potentially denaturizing the active agent by high 
shear forces (jet and ultrasonic nebulizers) and temperature 
increase (ultrasonic nebulizers). eFlow(R) incorporates a 
'gentle' aerosolization mechanism that minimizes exposure 
of the drug to shear stresses by reducing the shear stresses and 
the residence time in the shear fields and does not heat the 
liquid formulation. International Applications WO 
03/026832; WO 2004/014569; WO 2004/052436 and U.S. 
Pat. No. 5,518,179 disclose further aspects of the eFlow(R) 
technology. The use of the nebulizer disclosed in WO 
01/34232 is exemplified with a salbutamol/sulfate solution 
and a budesonide Suspension. Alpha anti-trypsin is listed as a 
potential active agent for use with that nebulizer. 
0008 U.S. Pat. No. 6,655,379 discloses a method and 
device for the pulmonary delivery of an active agent formu 
lation where inspiratory flow rate of the active agent formu 
lation is less than 17 liters/min. The active agent formulation 
may be provided in dry powder, in nebulized form, or in the 
form of aerosolized particles in admixture with a propellant. 
That invention is exemplified in conjugation with inhalable 
insulin powder. 
0009. Therefore, there remains an unmet need for inhal 
able aerosols for convenient and efficient pulmonary delivery 
of API in an active form. 

SUMMARY OF THE INVENTION 

0010. The present invention relates to a system and meth 
ods of treating pulmonary diseases in a Subject in need 
thereof. The system and methods provide administration to 
the Subject of a composition comprising API in the form of an 
aerosol. The aerosol is produced by nebulizing the API com 
position in an electronic nebulizer. Particularly, the nebulizer 
is eFlow(R) electronic nebulizer, as disclosed in International 
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Application WO 01/34232, and the API composition is a 
ready-to-use solution comprising highly pure, active API, as 
disclosed in International Application WO 2005/027821. 
0011. The present invention discloses an inhalation sys 
tem providing high amounts of active API within the desired 
location of the lung tissues, thus enabling an efficient treat 
ment of pulmonary diseases. 
0012. The invention is based in part on the unexpected 
discovery that pulmonary delivery of a composition compris 
ing less than 10% (weight/volume) API nebulized in the 
eFlow(R) nebulizer is efficient and effective. The API compo 
sition is preferably a ready-to-use sterilized liquid composi 
tion comprising highly pure, active API. The present inven 
tion now shows that the activity of API after nebulization 
remains at above 90% of the activity before nebulization, and, 
due to the high purity of the composition there is no evidence 
of dimers, oligomers or aggregates formed in the API aerosol 
as a result of the nebulization process. Furthermore, the 
majority of aerosol droplets is in a size range of less than 5um 
and more specifically between 1 and 4 um enabling maximal 
uptake in the peripheral lung regions. Advantageously, using 
the system of the present invention reduces inhalation time 
due to a high liquid output rate and efficient delivery of the 
active API to the lung. 
0013. In addition, the high purity and high activity of the 
API in combination with the unique features of the nebulizer, 
including "gentle' vibrating membrane aerosolization prin 
ciple which results in low shear stresses on protein molecules, 
ensures high efficacy and safety. The ready-to-use stable liq 
uid formulation, comprising highly pure, active API is con 
Venient and provides improved dosing accuracy compared to 
lyophilized products. 
0014 Despite considerable development efforts over the 
past decade, other forms of inhaled API have not yet been 
shown to be successful. The combination of an efficient and 
fast delivery device with highly pure, stable and active API in 
ready-to-use liquid formulation packed in predetermined 
dose vials further provides improved acceptance and compli 
ance by patients compared to intravenous administration and 
previous attempts for inhaled API therapies. 
0015. Accordingly, in one aspect the present invention 
provides a system for the treatment of pulmonary diseases 
comprising: 
0016 a) a pharmaceutical composition comprising a puri 

fied, stable, active alpha-1 proteinase inhibitor (API) in a 
form of a ready to use sterile solution; and 
0017 
0018 i) an aerosol generator comprising: a liquid Stor 
age container comprising the liquid pharmaceutical 
composition; a diaphragm having a first side and an 
opposite second side, the diaphragm having a plurality 
of openings extending therethrough from the first side to 
the second side, where the first side is connected to the 
liquid storage container Such that the liquid filled into 
the liquid storage container comes into contact with the 
first side of the diaphragm; and a vibration generator 
capable of vibrating the diaphragm So that the liquid 
filled into the liquid storage container is atomized on the 
second side of the diaphragm through the openings of 
the diaphragm; 

0019 ii) a mixing chamber into which the aerosol gen 
erator expels said aerosol, the mixing chamber in contact 
with the second side of the diaphragm; 

b) an inhalation nebulizer comprising 
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0020 iii) an inhalation valve that is open to allow an 
inflow of ambient air into the mixing chamber during an 
inhalation phase and is closed to prevent escape of said 
aerosol from the mixing chamber during an exhalation 
phase; and 

0021 iv) an exhalation valve that is open to allow the 
discharge of the respiratory air of a patient into the 
Surroundings during the exhalation phase and is closed 
to prevent the inflow of ambient air during the inhalation 
phase; 

0022 wherein the pharmaceutical composition is nebu 
lized by the inhalation nebulizer to form an aerosol compo 
sition. 
0023. According to certain embodiments, the liquid com 
position is packed in a pre-sterilised unit dose. 
0024. In one embodiment the API in the pharmaceutical 
composition is purified from a partially purified mixture of 
proteins by a process comprising chromatography on a plu 
rality of ion exchange resins, as disclosed in International 
Application WO 2005/027821 to one of the Applicants of the 
present invention. As disclosed in that invention, the API in 
the pharmaceutical composition is preferably purified from a 
partially purified mixture of proteins by a process comprising 
chromatography on at least two anion exchange resins and at 
least one cation exchange resin. 
0025. In one embodiment the concentration of API in the 
pharmaceutical composition is less than 10% (weight per 
volume; w/v). In certain embodiments the concentration of 
API is between about 1% to about 5%, preferably about 2%. 
In another embodiment the pH of the pharmaceutical com 
position is in the range of 6.5-7.5. In yet further embodiment, 
the pharmaceutical composition is devoid of a protein stabi 
lizer. 
0026. According to one embodiment the purified AAT is at 
least 90% pure. According to preferred embodiments the 
purified AAT is at least 95%, more preferably at least 99% 
pure. According to some embodiments, at least 90% of the 
API is in its active form. 
0027. In another embodiment the mass median diameter 
of the aerosol droplet size distribution is less than about 5um; 
preferably the mass median diameter of the aerosol droplets is 
between about 1 um and about 4 um, more preferably 
between about 2.0 um and about 3.5um and most preferably 
between about 2.5um to about 3.3 um. Furthermore, a very 
narrow droplet size distribution have been found (reflected by 
a remarkably low geometric standard deviations (GSD)) 
allowing for targeted delivery of the drug to the deep lungs. 
According to one embodiment, the GSD is lower than about 
2.0. According to another embodiment, the GSD is lower than 
about 1.7. 
0028. According to another embodiment, at least a frac 
tion of 50%, preferably 60%, more preferably 70% and more 
of the loaded nominal dose of API is dissolved in droplets 
having a diameter from about 1.1 um to about 4.7 Lum. 
0029. According to another aspect, the present invention 
provides a method for treating pulmonary diseases or disor 
der comprising: 
0030 providing a system comprising a) a pharmaceutical 
composition comprising a purified, stable, active alpha-1 pro 
teinase inhibitor in a form of a ready to use sterile solution; 
and b) an inhalation nebulizer comprising 

0031 i) an aerosol generator comprising: a liquid Stor 
age container comprising the liquid pharmaceutical 
composition; a diaphragm having a first side and an 
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opposite second side, the diaphragm having a plurality 
of openings extending therethrough from the first side to 
the second side, where the first side is connected to the 
liquid storage container Such that the liquid filled into 
the liquid storage container comes into contact with the 
first side of the diaphragm; and a vibration generator 
capable of vibrating the diaphragm So that the liquid 
filled into the liquid storage container is atomized on the 
second side of the diaphragm through the openings of 
the diaphragm; 

0032) ii) a mixing chamber into which the aerosol gen 
erator expels said aerosol, the mixing chamber in contact 
with the second side of the diaphragm; 

0033 iii) an inhalation valve that is open to allow an 
inflow of ambient air into the mixing chamber during an 
inhalation phase and is closed to prevent escape of said 
aerosol from the mixing chamber during an exhalation 
phase; and 

0034) iv) an exhalation valve that is open to allow the 
discharge of the respiratory air of a patient into the 
Surroundings during the exhalation phase and is closed 
to prevent the inflow of ambient air during the inhalation 
phase; wherein the pharmaceutical composition is nebu 
lized by the inhalation nebulizer to form an aerosol 
composition; wherein the pharmaceutical composition 
is nebulized by the inhalation nebulizer to form an aero 
Sol composition; and 

0035 administering to a subject in need thereof a thera 
peutically effective amount of the aerosol composition com 
prising alpha-1 proteinase inhibitor by delivery means of said 
system. 
0036. In one embodiment, at least 50% of the loaded 
nominal dose of API can be delivered to the subject, prefer 
ably 60% and more preferably 70% or more of the API is 
delivered to the subject. According to one currently preferred 
embodiment, the API is absorbed by lung tissues of the sub 
ject. 
0037 According to certain embodiments, the pulmonary 
disease or disorder is selected from the group consisting of 
emphysema, including inherited emphysema; chronic 
obstructive pulmonary disease (COPD); bronchiectasis 
(chronic dilatation of the bronchial tubes); fibrotic lung dis 
eases or disorders including cystic fibrosis, interstitial pulmo 
nary fibrosis and sarcoidosis; tuberculosis; and pulmonary 
diseases secondary to HIV. 
0038 API is required to balance the excess concentration 
of neutrophil elastase present during episodes of inflamma 
tion and stress that occur in pulmonary diseases at the phase 
of exacerbation. The high amounts of active API that can be 
delivered to the lung tissue by the system and method of the 
present invention makes it highly Suitable to treat pulmonary 
diseases at the phase of exacerbation. 
0039. According to certain embodiments, the system and/ 
or method is used for treating a pulmonary disease at a phase 
of acute exacerbation of the disease. According to one 
embodiment, the disease is selected from the group consisting 
of emphysema, chronic obstructive pulmonary disorder 
(COPD), bronchiectasis, other parenchymatic or fibrotic lung 
diseases including cystic fibrosis, interstitial pulmonary 
fibrosis and sarcoidosis, tuberculosis and pulmonary diseases 
secondary to HIV. 
0040. In one embodiment a subject is a human subject. 
The human Subject may be an adult, a child or an infant. 
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0041. These and other embodiments of the present inven 
tion will become apparent in conjunction with the description 
and claims that follow. 

BRIEF DESCRIPTION OF THE FIGURES 

0042 FIG. 1 shows the drug delivery profile after breath 
simulation with API. 

DETAILED DESCRIPTION OF THE INVENTION 

0043. The present invention discloses a system and meth 
ods of treating a pulmonary disease in a Subject in need 
thereof, comprising the administration of a ready to use liquid 
pharmaceutical composition comprising a purified, stable, 
active alpha-1 proteinase inhibitor (API) in the form of an 
aerosol produced by nebulizing the API composition, particu 
larly nebulizing the API composition in an eFlow(R) nebulizer. 
0044) The route of inhalation for the treatment of respira 
tory diseases has several advantages over other routes of 
administration, specifically IV administration: Inhalation 
delivery is directed to the target site, such that there is negli 
gible systemic absorption and side effects are minimized; it 
requires lower therapeutic doses, and thus there is a greater 
product availability; it provides quick relief of symptoms and 
expected good tolerance; it is more convenient form for 
patients thus better compliance is expected; and it reduces 
treatment costs as a result of efficient utilization of an expen 
sive drug using stable, purified API with a highly efficient 
nebulizer such as the eFlow(R). 
0045. In principle a therapeutically effective system for 
pulmonary delivery of aerosolized alpha-1 proteinase inhibi 
tor will exhibit the following properties: 
0046 1. The aerosol droplets retain high activity of 
alpha-1 proteinase inhibitor: an activity of greater than 90% is 
desired; 
0047 2. The nebulization does not promote API dimeriza 
tion, oligomerization or aggregation; 
0048. 3. Aerosol median droplet size of less than 5um; 
0049 4. Respirable fraction of at least 80%: 
0050 5. A very low ballistic momentum characterised in 
that less than 2% of the drug dissolved or dispersed in the 
aerosol droplets can be trapped in an induction port (i.e. 
artificial oropharynx) of a cascade impactor; 
0051 6. Short, single treatment time of about 10 minutes 
or less. 
0.052 The present invention provides a system comprising 
pure API delivered via the eFlow(R) nebulizer exhibiting, inter 
alia, the aforementioned advantageous properties. Addition 
ally, the present invention further provides a liquid composi 
tion comprising API at a concentration of less than 10% w/v. 
preferably a ready-to use liquid composition. 
0053. The high activity and purity of the API composition 
in combination with the gentle vibrating membrane aero 
solization mechanism ensures delivery of highly active API. 
The ready-to-use stable liquid formulation is convenient to 
use and obviates the problem of dose preparation and dosing 
accuracy. 

DEFINITIONS 

0054. In order that this invention may be better under 
stood, the following terms and definitions are herein pro 
vided. 
0055 As used herein, the term “Alpha-1 Proteinase Inhibi 
tor” (API), also known as “alpha-1 antitrypsin' (AAT), refers 
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to a glycoprotein produced by the liver and secreted into the 
circulatory system. API belongs to the Serine Proteinase 
Inhibitor (Serpin) family of proteolytic inhibitors. This gly 
coprotein consists of a single polypeptide chain containing 
one cysteine residue and 12-13% carbohydrates of the total 
molecular weight. API has three N-glycosylation sites at 
asparagine residues 46, 83 and 247, which are occupied by 
mixtures of complex bi- and triantennary glycans. This gives 
rise to multiple API isoforms, having isoelectric point in the 
range of 4.0 to 5.0. The glycan monosaccharides include 
N-acetylglucosamine, mannose, galactose, fucose and sialic 
acid. API serves as a pseudo-substrate for elastase; elastase 
attacks the reactive center loop of the API molecule by cleav 
ing the bond between methioniness-seriness residues to 
form an API-elastase complex. 
0056. The term “glycoprotein’ as used herein refers to a 
protein or peptide covalently linked to a carbohydrate. The 
carbohydrate may be monomeric or composed of oligosac 
charides. 

0057 The term “eFlow(R' nebulizer refers to the nebulizer 
disclosed in international application WO 01/34232. The 
term “inhalation nebulizer” refers to a nebulizer comprising 
the basic elements of the eFlow(R) nebulizer and any equiva 
lent nebulizer. The terms “pulmonary delivery” and “respira 
tory delivery” refer to delivery of API to a patient by inhala 
tion through the mouth and into the lungs. 
0058. The terms “treat” and “treating includes prevent 
ing, alleviating, ameliorating, halting, restraining, slowing or 
reversing the progression, or reducing the severity of patho 
logical conditions described above. As such, these methods 
include both medical therapeutic (acute) and/or prophylactic 
(prevention) administration as appropriate. 
0059. The terms “cystic fibrosis” or “CF refer to an inher 
ited autosomal recessive disorder caused by mutations in the 
gene encoding the cystic fibrosis transmembrane conduc 
tance regulator (CFTR) chloride channel. 
0060. The term “emphysema’ refers to a pathological con 
dition of the lungs in which there is a decrease in respiratory 
function and often breathlessness due to an abnormal increase 
in the size of the air spaces, caused by irreversible expansion 
of the alveoli and/or by the destruction of alveolar walls by 
neutrophil elastase. 
0061. The term “COPD or “chronic obstructive pulmo 
nary disease' refers to lung disease characterized by obstruc 
tion to airflow that interferes with normal breathing. COPD is 
the fourth leading cause of death in America, claiming the 
lives of 120,000 Americans in 2002. Smoking is the primary 
risk factor for COPD with approximately 80% to 90% of 
COPD deaths are caused by smoking. 
0062. The term “bronchiectasis” refers to a congenital or 
acquired disorder associated with abnormal bronchial dilata 
tion with bronchial wall destruction and transmural inflam 
mation. The most important functional finding of altered air 
way anatomy is severely impaired clearance of Secretions 
from the bronchial tree. 

0063 “Tuberculosis” or “TB” refers to the disease caused 
by the M. tuberculosis bacterium. TB is an airborne, chronic 
bacterial infection. 

0064. As used herein, the term “exacerbation” refers to an 
increase in the severity of symptoms during a course of a 
disease which is mostly associated with a worsening of qual 
ity of life. Exacerbations are quite frequent in patients with 
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chronic lung diseases and more specifically in API deficient 
patients. By definition, exacerbations are simply a worsening 
and/or increase in Symptoms. 

Emphysema and API Deficiency 
0065 Emphysema is a pathological condition of the lungs 
marked by an abnormal increase in the size of the air spaces, 
resulting in strenuous breathing and an increased Susceptibil 
ity to infection. It can be caused by irreversible expansion of 
the alveoli or by the destruction of alveolar walls. Congenital 
emphysema, also known as Alpha-1 Antitrypsin (AAT) defi 
ciency or inherited emphysema, is a genetic disorder that 
increases the risk of developing a variety of diseases includ 
ing pulmonary emphysema and cirrhosis of the liver. It is 
caused by mutation in the gene coding for API, the body 
major serine proteinase inhibitor or serpin. This gene is 
located in the long arm of chromosome 14 of the human 
genome. The genetic deficiency can result in life-threatening 
liver disease in children and adults or in lung disease inadults. 
In its classic form, an inherited mutation of the API gene 
causes the buildup of abnormal API within the hepatocytes of 
the liver. The liver is the major source of circulating API and 
this transport problem leads to low levels of API in the blood 
and tissue. Various mutations of the API gene exist, most of 
them associated with deficiency in circulating API. Geno 
types that lead to the production of a protein that is dysfunc 
tional as an elastase inhibitor and cause increased risk of 
emphysema, but are released at a normal level to the circula 
tion have been also identified. It has been estimated that in the 
US only there are approximately 100,000 severely deficient 
individuals and about 25 million carriers of at least one defi 
cient gene for API, and similar number have been Suggested 
for the European population (Sandhaus 2004, supra). The 
classic proteinase pathogenesis model of congenital emphy 
sema was based on failure of the body to neutralize elastase 
related enzymatic activity, the elastase being released from 
polymorphonuclear leukocytes attracted to the lung alveoli 
during infections. Based on the nature of the triggering event 
and the cellular physiology of API as an elastase inhibitor it 
has been recently suggested that API is also functioning as an 
acute-phase reactant. 

Cystic Fibrosis 

0066. According to another embodiment, the method of 
the present invention is used for treating lung diseases and 
disorders associated with cystic fibrosis. 
0067. The membrane defect caused by the CFTR mutation 
leads to chronic lung inflammation and infection. Chronic 
lower respiratory infection provokes a persistent inflamma 
tory response in the airway, resulting in chronic obstructive 
disease. As pulmonary reserves decrease, CF patients become 
prone to episodes of exacerbation, characterized by worsen 
ing symptoms of respiratory infection, particularly by 
Pseudomonas aeruginosa, accompanied by acute decline in 
lung function. 
0068 Loss of pulmonary function is a primary cause of 
death in patients suffering from cystic fibrosis. Patients with 
a Forced Expiratory Volume in one second (FEV1) below 
30% of their predicted value have a 2-year mortality of greater 
than 50%. The current mortality rate is 1.2 deaths per 100 
patients per year; the median survival is 32 years. Of the 
deaths in which a case was specified, 94% were due to car 
diorespiratory failure. Respiratory failure is characterized by 
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increasing dyspnea, hypoxemia and elevation of arterial 
PCO. During their lifetime, CF patients are restricted in their 
day-to-day activities due to reduced lung function and con 
stant pulmonary infections as a result of their condition. 
0069. One of the major side effects of chronic infection 
associated with CF is the chronic presence of phagocytic 
neutrophils in the lungs in response to bacterial infections and 
the release of various chemoattractants. These leukocytes 
secrete elastase, which has the potential to destroy the elastic 
tissue of the lung. In addition, neutrophils of patients with CF 
have been shown to be in a state of increased responsiveness 
and tend to degranulate more readily, releasing tissue-de 
stroying elastase. Thus, patients with CF appear to have a 
state of unregulated inflammatory response, which over 
whelms the normal protease (elastase)/antiprotease (API) 
balance, leading to the accumulation of elastase in the lung 
and ultimately to tissue damage. 
0070 Previous studies have shown that much of the pull 
monary damage in CF results from the presence of unneutral 
ized elastase and other proteases. The abnormal cycle is 
destructively self-perpetuating and self-expanding: increased 
elastase leads to the recruitment of more neutrophils to the 
lung that in turn Secrete additional proteases. This cycle fur 
ther overwhelms the natural normal protease (elastase)/anti 
protease balance leading to destruction of the lung architec 
ture, severe pulmonary dysfunction and ultimately death. It 
has been suggested that Supplement of additional API may 
reduce the deleterious effects associated with excessive 
amounts of elastase. 
(0071 Preferably, API is administered to CF patients by the 
inhalation route. It has been previously demonstrated (McEl 
vaney et al., 1991) that aerosolized alpha-anti-trypsin given to 
cystic fibrosis patients Suppressed neutrophil elastase in the 
respiratory epithelial lining fluid (ELF), restored the anti 
neutrophil elastase capacity in the ELF and reversed the 
inhibitory effect of the ELF on the ability of neutrophils to 
effectively combat Pseudomonas infections. Advanta 
geously, aerosol compositions comprising active API can be 
readily produced using the system of the present invention. 
Bronchiectasis 

0072 Bronchiectasis is an abnormal dilation of the proxi 
mal medium-sized bronchi (>2 mm in diameter) caused by 
destruction of the muscular and elastic components of the 
bronchial walls. It can be congenital or acquired. 
0073 Congenital bronchiectasis usually affects infants 
and children and results from developmental arrest of the 
bronchial tree. The more commonly acquired forms occur in 
adults and older children and require an infectious insult, 
impairment of drainage, airway obstruction, and/or a defect 
in host defence. This results in damage to the muscular and 
elastic components of the bronchial wall both from the incit 
ing infectious agent and from the host response. The latter 
may be mediated in part by inflammatory cytokines, nitric 
oxide, and neutrophilic proteases. Additionally, peribronchial 
alveolar tissue may be damaged, resulting in diffuse peribron 
chial fibrosis. 
0.074 The result is abnormal bronchial dilatation with 
bronchial wall destruction and transmural inflammation. The 
most important functional finding of altered airway anatomy 
is severely impaired clearance of secretions from the bron 
chial tree. 

Tuberculosis 

0075 Tuberculosis (TB) has recently re-emerged as a pub 
lic health problem. Most persons that are infected with Myco 
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bacterium tuberculosis harbour the bacterium without symp 
toms but many develop active TB disease. Each year, 8 
million people worldwide develop active TB and 3 million 
die. 
(0076 Cases of TB dropped rapidly in the 1940s and 1950s 
when the first effective antibiotic therapies for TB were intro 
duced. In 1985 the number of active TB cases in the United 
States began to rise again. Several forces, often interrelated, 
were behind TB’s resurgence. For example, individuals with 
HIV/AIDS are particularly vulnerable active TB. 
0077. The problem of multi drug resistance of M. tuber 
culosis is another factor in the re-emergence of the disease. 
Multidrug-resistant TB (MDR-TB) is much more difficult to 
cure. Treatment for MDR-TB often requires the use of special 
TB drugs, all of which can produce serious side effects. To 
cure MDR-TB, patients may have to take several antibiotics, 
at least three to which the bacteria still respond, every day for 
up to two years. However, even with this treatment, about 
40% of MDR-TB will die, which is the same as for patients 
with standard TB who do not receive treatment. Palliative 
therapy for these patients is needed. 

Preparation of API 
0078. According to one aspect of the present invention a 
purified stable composition of API is provided. Preferably, a 
liquid composition of purified, stable of API is provided. 
International application WO 2005/027821, to one of the 
applicants of the present invention, provides pharmaceutical 
compositions comprising a purified, stable, active API in a 
form of a ready to use sterile solution. WO 2005/027821 also 
provides process, which combines removal of contaminating 
Substances (i.e., lipids, lipoproteins and other proteins) and 
separation of active from inactive API by sequential chroma 
tography steps. The process disclosed in that invention is 
suitable for a large-scale production of API. 
(0079. The mixture of proteins from which the API is puri 
fied is preferably Cohn Fraction IV-1 paste, but can include 
other Cohn Fractions, separately or in combination; human 
blood plasma; plasma fractions; or any protein preparation 
containing API. For instance, the process is applicable to 
purification of recombinant human API from the milk of 
transgenic animals. 
0080. In that application, the mixture of proteins compris 
ing API is dispersed in an aqueous medium, preferably water, 
at a ratio of between about 20 to about 35 liter per about 1 kg 
of source material, preferably Cohn Fraction IV-1 paste. The 
pH of the dispersion is adjusted to a pH range of from about 
8.0 to about 9.5. The pH adjustment stabilizes the API and 
promotes the dissolution of the API in the dispersion, thereby 
increasing the production yield. Dispersion may take place at 
an elevated temperature of between 30° C. and 40°C., for 
further increase in API solubility. 
I0081. A particular advantage of that process is the elimi 
nation of contaminants or by-products that otherwise com 
promise the efficiency of API purification processes. In par 
ticular, Cohn Fraction IV-1 paste preparations contain a 
significant amount of the lipoprotein Apo A-1, which has the 
effect of compromising column flow and capacity during 
purification. Other non-desired proteins such as albuminand 
transferrin are also present in the paste preparation. Remov 
ing a portion of such contaminants according to the invention 
disclosed in WO 2005/027821 is performed by two steps: (a) 
removing contaminating lipids and lipoproteins by lipid 
removal agent and (b) precipitating a portion of contaminat 
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ing protein from the API-containing aqueous dispersion. The 
removal of contaminating proteins, without loss of API. 
enables a significant reduction in equipment Scale, e.g., col 
umn size. 
0082. The precipitate that forms can be separated by con 
ventional means Such as centrifugation or filtration, and is 
then discarded. The supernatant is ready for further purifica 
tion, for example an anion exchange resin. The API is then 
eluted from the column. The solution is treated to reduce its 
water content and change the ionic composition by conven 
tional means Such as by diafiltration, ultrafiltration, lyo 
philization, etc., or combinations thereof. 
0083. According to one embodiment, the API-containing 
effluent obtained after the first anion exchange chromatogra 
phy is concentrated by ultrafiltration. The retentate is then 
diafiltered against pure water to reach conductivity within the 
range of from about 3.5 to about 4.5 mS/cm. 
0084. To further purify the API-containing solution 
obtained after the first anion exchange chromatography the 
Solution is loaded on a cation exchange resin with the same 
type of buffer used for the anion-exchange step, having 
appropriate pH and conductivity such to allow the API to pass 
and be washed off with the buffer flow through, while con 
taminating Substances are retained on the cation exchange 
resin. 
0085. The API-containing solution obtained after the cat 
ion exchange chromatography can be treated to reduce its 
water content. According to one embodiment, the solution is 
concentrated by ultrafiltration. 
I0086. The ion-exchange chromatography is also used to 
separate active API from inactive API. That invention further 
comprises methods for separating active API from other con 
taminating Substances, including solvent/detergent com 
pounds used for viral inactivation. Such separation is 
achieved by the second anion exchange chromatography. The 
API eluted from the second anion exchange chromatography 
step is therefore not only highly active, but also highly pure. 
0087. Throughout the process of that invention only one 
type of buffer is used, with adjustment of pH and conductivity 
as required throughout the various process steps. The terms 
“one type” “same type' or “single type' of buffer are used 
interchangeably, and refer to a buffer with one specific anion 
species. 
0088 According to one embodiment, the buffer is any 
suitable acid/salt combination that provides acceptable buffer 
capacity in ranges of pH required throughout the API purifi 
cation process. Preferably, the buffer used throughout the 
process is not citrate-based buffer, more preferably the buffer 
anion is acetate. 
0089. According to one embodiment, the process of that 
invention further comprises viral removal and/or viral inacti 
vation steps. Methods for viral removal and inactivation are 
known in the art. 

0090. One method for viral removal is filtration, prefer 
ably nanofiltration, removing both enveloped and non-envel 
oped viruses. According to one embodiment, the viral 
removal step comprises filtration. According to another 
embodiment, the virus removal step is performed after the 
cation exchange chromatography. Typically, the cation 
exchange flow-through solution containing API is concen 
trated, and then nanofiltered. 
0091. According to one embodiment, the method of viral 
inactivation employed comprises a solvent/detergent (S/D) 
treatment. The viral inactivation step is preferably performed 
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prior to loading the solution on the second anion exchange 
resin. According to one embodiment, the detergent used is 
polysorbate and the solvent is Tri-n-Butyl-Phosphate 
(TnBP). According to another embodiment, the polysorbate 
is polysorbate 80. According to one embodiment Polysorbate 
80 may be added at from about 0.8% to about 1.3% Volume 
per weight (V/w) of the resulting mixture and TnBP may be 
added from about 0.2% to about 0.4% weight per weight of 
the resulting mixture. 
0092. The solution containing active, purified API 
obtained after the second anion exchange chromatography 
can be further processed to obtain a pharmaceutical compo 
sition for therapeutic, diagnostic, or other uses. To prepare the 
product for therapeutic administration the process further 
comprises the steps of changing the ionic composition of the 
Solution containing purified, active API to contain a physi 
ologically compatible ion and sterilizing the resulted solu 
tion. The purified API obtained by the process of that inven 
tion is highly stable. 
0093. According to one embodiment, the pharmaceutical 
composition disclosed in WO 2005/0278 and used with the 
system and methods of the present invention comprises at 
least 90% pure, preferably 95% pure, more preferably 99% 
pure API. According to another embodiment, at least 90% of 
the API is in its active form. 

Pharmaceutical Compositions and Methods of Treatment 
0094. The term “pharmaceutical composition' is intended 
to be used herein in its broader sense to include preparations 
containing a protein composition in accordance with this 
invention used for therapeutic purposes. The pharmaceutical 
composition intended for therapeutic use should contain a 
therapeutic amount of API, i.e., that amount necessary for 
preventative or curative health measures. 
(0095. As used herein, the term “therapeutically effective 
amount refers to an amount of a protein or protein formula 
tion or composition which is effective to treat a condition in a 
living organism to whom it is administered over Some period 
of time. 
0096 Pharmaceutical compositions of the present inven 
tion may be manufactured by processes well known in the art, 
e.g. by means of conventional mixing, dissolving, granulat 
ing, grinding, pulverizing, dragee-making, levigating, emul 
Sifying, encapsulating, entrapping or lyophilizing processes. 
0097 Pharmaceutical compositions for use in accordance 
with the present invention thus may beformulated in conven 
tional manner using one or more acceptable diluents or car 
riers comprising excipients and auxiliaries, which facilitate 
processing of the active compounds into preparations, which 
can be used pharmaceutically. Proper formulation is depen 
dent on the route of administration chosen. According to 
certain currently preferred embodiments, the pharmaceutical 
compositions of the present invention are formulated in a 
form suitable for inhalation. 
0098. The API-containing pharmaceutical compositions 
disclosed in WO 2005/027821 to one of the Applicants of the 
present invention is advantageous over hitherto known API 
containing preparations, as the API is highly stable also when 
the composition is kept in a liquid form. Therefore, it is not 
necessary to lyophilize the API-preparation for stable storage 
in a form of a powder. Subsequently, there is no need to 
reinstate the powder to a liquid before use for parenteral 
administration or for inhalation. According to certain pre 
ferred embodiment, ready-to use liquid pharmaceutical com 
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position is used with the system of the present invention. The 
liquid pharmaceutical composition can be packed in pre 
sterilised unit dose vials containing 0.25-10 ml made of glass 
or polymeric materials or filled into polyethylen or any other 
suitable polymer vials manufactured for instance by a blow 
fill seal process, commonly used for ready to use inhalation 
solutions, having typical volume contents from 0.25 ml to 5 
ml. 

0099. As described herein above, API is used for the treat 
ment of pulmonary diseases. When administered intrave 
nously, most of the API never reaches the lung. It has been 
estimated that only 2% of the intravenously administered 
dose reaches the lung (Hubbard & Crystal, 1990). 
0100. Therefore, administration of API by the inhalation 
route may be more beneficial as it reaches directly the lower 
respiratory tract. The present invention now discloses inhala 
tion route which requires lower therapeutic doses of API and 
thus the scarce supply of human plasma-derived API would 
be available for the treatment of more patients. This route of 
administration may be also more effective in neutralizing 
neutrophil elastase, and thus the system and methods of the 
present invention are highly Suitable for treating pulmonary 
diseases at periods of exacerbation. In addition, administra 
tion by inhalation is simpler and less stressful for the patient 
than the intravenous route and would reduce the burden on the 
local health care system (by requiring less clinical input). 
0101 Formulations of pharmaceutical compositions for 
administration by the route of inhalation are known in the art. 
In general, for administration by inhalation, the active ingre 
dients are delivered in the form of an aerosol spray from a 
pressurized metered dose inhaler with the use of a suitable 
propellant, e.g., dichlorodifluoromethane, trichlorofluo 
romethane, dichloro-tetrafluoroethane or carbon dioxide, in 
powder form administered using a dry powder inhaler or, in 
aqueous liquid aerosol form using a nebulizer. Nebulizers for 
liquid aerosol delivery may be categorized as jet nebulizers 
operated by a pressurized flow of air using a portable com 
pressor or central air Supply in a hospital, ultrasonic nebuliz 
ers incorporating a piezo-crystal to provide the energy for 
generating the aerosol out of an ultrasonic fountain, and novel 
electronic nebulizers based on the principle of a perforated 
vibrating membrane, such as the eFlow(R) nebulizer. All nebu 
lization principles involve the aqueous solution being 
exposed to shear stresses, which may negatively affect the 
delicate nature of proteins such as API. However, the present 
invention now discloses that the vibrating membrane prin 
ciple incorporated in the eFlow(R) nebulizer can retain the 
integrity of the API protein structure and, thus, is best suited 
for pulmonary administration of the API. 
0102) Surprisingly, the present invention now discloses 
that using eFlow(R) nebulizer for aerosolising the highly puri 
fied, stable API formulation (80 mg/4 ml), about 70% of the 
loaded nominal dose can be delivered ex mouthpiece based 
on a simulated sinusoidal (inhalation:exhalation=1:1) breath 
ing pattern applying 15 breaths/min and a tidal volume of 500 
ml. About 60% of the nebulized dose is dissolved in droplets 
of 5um or less indicating that these droplets can be deposited 
in the lungs. The overall efficiency of the system of the 
present invention is Superior over hitherto known inhalation 
systems, for example, the "Akita' inhalation management 
system associated with a customised PARI LC STAR nebu 
lizer. Contrary to current proposed systems, the drug residue 
is only about 15% or less, whereas in a jet nebulizer like the 
LC STAR used in combination with Akita, the residue is at 
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least 40% or more of the loaded dose resulting in a lower 
delivered dose in droplets of 5 um or less compared to the 
system of the present invention. This novel feature allows for 
a more efficient and economic drug administration when 
using eFlow(R) in combination with the API. 
0103) The operating conditions for delivery of a suitable 
inhalation dose vary according to the type of mechanical 
device employed. For some aerosol delivery systems, such as 
nebulizers, the frequency of administration and operating 
period will be dictated chiefly by the amount of the active 
composition (API according to the present invention) per unit 
Volume in the aerosol. Typically, the higher the concentration 
of the protein in the nebulizer solution the shorter is the 
operating period. Some devices such as metered dose inhalers 
may produce higher aerosol concentrations than others and 
thus will be operated for shorter periods to give the desired 
result. The present invention now discloses that providing 
composition comprising less than about 10%, preferably less 
than about 5% of highly purified, stable API, nebulized in the 
eFlow(R) nebulizer is highly efficient and effective in treating 
pulmonary disease. 
0104. According to one embodiment, the system and/or 
method of the present invention is used for treating pulmo 
nary emphysema. It is known that patients with API defi 
ciency have a low level of API and a high burden of neutro 
phils in their lower respiratory tracts. This observation 
supports the hypothesis that a deficiency of API predisposes a 
patient to emphysema by altering the balance between neu 
trophil elastase and anti-neutrophil elastase in the lower res 
piratory tract. Whereas normal persons have an adequate 
anti-neutrophil elastase screen to protect the lower respira 
tory tract, those with API deficiency do not, permitting the 
neutrophil elastase to destroy lung tissue. Thus, providing 
patient with endogenous API-deficiency with exogenic API at 
the correct dose and location can overcome the deleterious 
effects of such deficiency. 
0105. The principles of the invention may be better under 
stood with reference to the non-limiting examples below. 

EXAMPLES 

0106 Abbreviations: The following abbreviations are 
used herein. 

0.107 ACI: Andersen Cascade Impactor. 
0.108 Aerosol Loss: Amount of drug found on expira 
tory filters in a breath simulation experiment (mg or 96), 
i.e. drug losses to the environment. 

0109 API: Alpha-1 Protease Inhibitor. 
0110 Drug Residue: Drug mass (mg) retained in the 
nebulizer after nebulization. 

0111 GSD: Geometric Standard Deviation, measure of 
the droplet size distribution. 

0112 MMD: Mass Median Diameter, calculated from 
the droplet size distribution determined by laser diffrac 
tion measurements (Lm). 

0113 MMAD: Mass Median Aerodynamic Diameter, 
calculated from the droplet size distribution determined 
by cascade impaction measurements (Lm). 

0114 NGI: Next Generation Pharmaceutical Impactor. 
0115 RF: Respirable Fraction, mass percentage of 
aerosol with droplet sizes issum. 

0116 rh. Relative humidity. 
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Example 1 

APIUptake of API Solution Nebulized with eFlow(R) 
Nebulizer Introduction 

0117 The study described hereinbelow examined the 
nebulization characteristics of an Alpha-1 Protease Inhibitor 
(API) solution when nebulized with eFlow(R) electronic nebu 
lizer (PARI GmbH, Germany, a company specialized in nasal 
and pulmonary drug delivery). 
0118. The set of experiments was carried out using a liquid 
formulation of Alpha-1 Proteinase Inhibitor (API), also suit 
able for injection (Kamada Ltd., Israel). The eFlow(R) elec 
tronic inhaler used is an electronic nebulizer System based on 
a vibrating membrane principle, as disclosed in International 
Patent Application WO 01/34232. eFlow(R) is designed to 
improve the delivery efficiency and utilization of an aero 
Solized drug. This is achieved by a vibrating membrane tech 
nology generating an aerosol with a very narrow droplet size 
distribution, expressed by a smaller GSD compared to jet 
nebulizers (1.7 vs. 2.1) (Balcke, et al., 2004). The unique 
configuration of the eFlow(R) nebulizer results in a reduction 
in the percentage of coarse droplet and elevation of the per 
centage of very fine droplets, and thus facilitates a better 
targeting of the active pharmaceutical ingredient, particularly 
API, to the lung. This is particularly important for expensive 
drugs of limited availability, such as Alpha-1 Protease Inhibi 
tOr. 

0119 This study was designed to answer the following 
questions: 
0120) 1. Is API protein activity retained upon nebulization 
via the eFlow(R)? 
0121 2. What amount of API is carried in droplets smaller 
than 5um (in-vitro respirable dose)? 
0122) 3. Cana desired droplet size of about 2.5um-3.5um 
be achieved? 
0123 4. What amount of API reaches the mouth of a 
patient when providing an 80 mg/4 ml dose? 
0.124 5. How much time is required for each nebulization 
session? 
0.125. The delivery performance of nebulizers depends on 
the airflow pattern of a tidally breathing patient; therefore, a 
breath simulator was used to determine the dose of the drug 
delivered and the time required for nebulizing the entire 
amount of a drug composition, particularly a liquid drug 
composition. A standardized breathing manoeuvre was 
examined to determine the delivered dose, the drug residue in 
the device and the aerosol loss during exhalation (collected on 
“exhalation filters to ensure recovery of the drug amount). 
An additional assay was conducted using a breathing pattern 
with reduced inhalation and a prolonged exhalation time, 
which mimics the breathing pattern of an emphysemapatient. 

Materials 

0126 eFlow(R) electronic nebulizers (PARI, Head No. 
42008, 42012 and 42013) 
0127 Control Units (PARI, Ser. Nos. DBH5AB0043, 
DBH5AB0029 and DBH5AB0067) 
012.8 API solution 2% (Kamada, Lot A and Lot B) 
0129. Filter pads (PARI, 041B.0523) and filter casings 
with exhalation valve for expiratory filters (PARI) 
0130 Breath simulator (PARI, consisting of Controller 
Movtec 1A MSK, S/N 97442-2 and Sine Pump, S/N 230501 
0500 with PARICOMPAS software v. 1.0) 
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I0131 Andersen Cascade Impactor (Copley Scientific, S/N 
3429) 
0.132. Next Generation Pharmaceutical Impactor (Copley 
Scientific, NGI-0169) 
0.133 Software package for impactor analysis: CITDAS 
(Copley Scientific, Ver. 2.00) 
0.134 Extraction buffer: The extraction buffer was pre 
pared by dissolving 0.57g NaH2PO HO and 1.46g NaCl 
in water “Milli-Q' grade and adjusting the pH to 6.9 to 7.7. 
The solution volume was then completed with “Milli-Q' 
water to a final volume of 500 ml. 

Methods 

API Content and Activity 
I0135) To examine the API drug content in formulations 
and test samples obtained from breath simulation and cascade 
impaction measurements, samples were collected on filter 
pads. Filterpads were extracted with phosphate buffer and the 
recovered API was analysed for total protein content, API 
activity and the content of API monomers. API activity was 
determined by measuring the extent of inhibition of pro 
teolytic activity of porcine pancreatic elastase on the Substrate 
Succinyl-alanine-alanine-alanine-p-nitroanilide. The pro 
teolytic activity was determined spectrophotometrically by 
the rate of appearance of the reaction product p-nitroaniline. 
The degree of inhibition of proteolytic activity induced by 
API is obtained by calculating the ratio of the reaction rate 
with non-inhibited porcine pancreatic elastase (no API in the 
reaction medium) to the reaction rate in the presence of API. 
The activity is expressed in mg API/ml. Presence of dimers/ 
oligomers was examined by Size Exclusion HPLC, per 
formed with Zorbax GF-250 GPC Column. 

Aerosol Droplet Size Distribution 
0.136 A. Assessment of the geometric droplet size distri 
bution by laser diffraction (Malvern MasterSizerX): eFlow(R) 
nebulizer was connected via a coupling chamber allowing 
entrainment of conditioned air through the nebulizer. Test 
conditions (T-23+1° C. rh.–50+5%, flow rate=20 L/min) 
were controlled and monitored. An average droplet size dis 
tribution was calculated from 5 single measuring intervals of 
2000 sweeps every 10 seconds. Evaluation of laser diffraction 
data was performed according to the Mie-theory choosing the 
2OAA presentation model supplied with the Malvern soft 
Wa. 

0.137 B. The aerodynamic droplet size distribution was 
investigated by cascade impactor methods. Two different 
methods were used. The Andersen Cascade Impactor (ACI) is 
a traditional impactor type, which has been used in the past to 
characterize a wide range of different aerosols. The Next 
Generation Pharmaceutical Impactor (NGI) is a new impac 
tor type, which has been specially designed for the character 
ization of pharmaceutical aerosols (Marple, et al., 2003a, 
2003b, 2004) and has been recently introduced into the Euro 
pean Pharmacopoeia. 
0.138. Two control samples (non-aerosolized API) were 
prepared by filling around 0.5g of API solution into polypro 
pylene (PP) tubes and adjusting the weight with extraction 
buffer to around 13 g. All samples were stored at 2°C. to 8° 
C. until analysis. 
0.139 Samples were analyzed utilizing the API activity 
assay described above and evaluated with respect to droplet 
size distribution pattern, Mass Median Aerodynamic Diam 
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eter, Geometric Standard Deviation and Respirable Fraction 
(%<5um) using the software package CITDAS. 

Determination of API Delivered Dose by Breath Simulation 

0140. A breath simulation apparatus was employed to 
characterize the drug delivery performance of the API/ 
eFlow(R) system under simulated breathing conditions. The 
nebulizer was loaded with a dose of 80 mg/4 ml and con 
nected to the breath simulator, which generates the desired 
human breathing pattern. 
0141. The tests were performed according to the following 
protocol: The nebulizer was connected to a sinus pump (PARI 
breath simulator) mimicking a standard breathing pattern of 
an adult (500 ml tidal volume, 15 breaths/minute, inhalation: 
exhalation ratio 1:1, pattern S, Table 1). Alternatively, two 
modified patterns, which are used as models for impaired 
breathing patterns of emphysema patients, were employed 
(E1 and E2, Table 1). 
0142 Filters collecting the inhaled and exhaled aerosol 
(“inhalation' and “exhalation filters, respectively) were 
installed between the nebulizer and the pump via a Y-piece. 
The nebulizer was filled with 4 ml of the API formulation for 
inhalation and run until all the solution was nebulized (nebu 
lization time). Nebulization was interrupted at 3-minute inter 
vals to change saturated filters. The aerosol (containing the 
API as the drug substance) was collected on the filters. 
0143 Measures of API deposited on the filters during the 
course of nebulization were used to calculate the API Deliv 
ered Dose, which is the amount of aerosol that would be 
inhaled by the patient ex mouthpiece, as well as the amount of 
aerosolized API lost during exhalation. 

TABLE 1. 

Breathing patterns used for breath simulation experiments 

S E1 E2 

Tidal volume (ml) 500 450 425 
Inhalation (s) 2.0 1.O O.9 
Exhalation (s) 2.0 2.5 3.0 

0144. Inhalation filters were changed after 3 and 6 minutes 
and after the end of nebulization. Proteins were extracted 
from the filters by placing the filters in a polypropylene (PP) 
test tube and adding 30 g of extraction buffer. The tubes were 
then shake at 250 rpm for 30 min., and the solution was 
separated from filters by decanting into new PP tubes. The 
amount of API remained as residue inside the nebulizer was 
measured by rinsing the nebulizer with 15 g extraction buffer. 
0145 The value of the in-vitro respirable dose is based on 
the delivered dose taking into account the fraction of droplets 
which are in the respirable size range, i.e. in the range of <5 
um. The in-vitro respirable dose was calculated by multiply 
ing the Delivered Dose and the Respirable Fraction deter 
mined during aerosol droplet size characterization. 

Results and Discussion 

API Activity Following Nebulization 

0146 Two different lots of API formulation were investi 
gated. Table 2 summarizes the API characterizations before 
(control) ant after nebulization (test). 
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TABLE 2 

API characterization after nebulization of two different lots 

LotA Lot B 

Control Test Control Test 

Specific activity (%) 0.97 O.87 1.09 1.03 

Monomer (%) 94.3 96.4 98.3 98.0 

Dimer + Oligomer (%) S.6 3.6 1.5 1.8 

Aggregates (%) O.1 O.O O.O O.O 

0147 The results of the API activity tests show, that 90.0% 
of the API specific activity in lot A and 94.5% specific activity 
in lot B were retained. There was no increase in the amount of 
dimers and oligomers and no formation of aggregates. 

Breath Simulation Tests 

0148 Breath simulation experiments were performed 
with API using three eFlow(R) electronic inhalers. Each device 
was tested in duplicate (n-6). A fill volume of 4.0 ml contain 
ing a nominal amount of 80 mg API was used. The breath 
simulation shows how the loaded dose is distributed during 
the inhalation, i.e. how much API is delivered to the patient at 
the mouthpiece, how much is lost during exhalation and how 
much remains in the nebulizer. The results of drug distribu 
tion are summarized in Table 3. The data shows mg of active 
API as determined by activity assay as described above. The 
table also includes the nebulization time as well as relative 
API amounts in percentage of the total loaded dose. The drug 
delivery profile shows a linear distribution over time and an 
average nebulization time of 9-0.1 min (FIG. 1). 

TABLE 3 

API distribution data determined by breath simulation (n = 6 

API (activity 

le:8 SD 

Delivered Dose (mg) 65.3 3.2 
Drug residue (mg) 14.4 3.6 
Aerosol loss (mg) 13.9 2.5 
Nebulization time (min) 9.0 1.O 
Delivered Dose (%) 7O.O 3.2 
Drug residue (%) 15.4 3.9 
Aerosol loss (%) 14.9 2.6 

0149. To test whether the Delivered Dose is affected by the 
breathing pattern, additional experiments were performed 
using breathing patterns that are thought to representapatient 
whose breathing is impaired by emphysema, E1 and E2 pat 
terns (see table 1). These tests were done in duplicate for each 
pattern. The results are summarized in Table 4, wherein pat 
tern E1 was used for run 1 and 2 and pattern E2 for run 3 and 
4. 
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TABLE 4 

API distribution data after nebulization with emphysema 
breathing pattern 

API (activity 

Run 1 Run 2 Run 3 Run 4 Mean SD 

Delivered 48.2 46.5 47.1 47.0 472 O.6 
Dose (mg) 
Drug residue (mg) 13.2 12.7 15.2 16.9 14.S. 1.7 
Aerosol loss (mg) 16.2 17.2 12.1 O.O* 11.4 6.8 
Nebulization 10.1 10.2 7.9 7.9 9.O. 11 
time (min) 
Delivered Dose (%) 57.1 55.2 55.9 55.5 55.9 O.7 
Drug residue (%) 15.6 15.1 18.1 19.9 17.2 1.9 
Aerosol loss (%) 19.1 20.4 14.3 O.O. 13.5 8.1 

*No API was detected on the filter: considered as due to an error during filter 
extraction. 

0150. The additional experiments show delivered dose 
values in the range from 55% to 57% of loaded dose. There 
appears to be no difference in delivered dose values between 
the two patterns. Hence, mean values were calculated from all 
four runs. The series of breath simulations show that around 
70% of the loaded dose can be delivered ex-mouthpiece of the 
nebulizer with a breathing pattern reflecting a normally 
breathing patient and around 56% can still be delivered for a 
severely impaired breathing pattern. 

Droplet Size Distribution 
0151. The droplet size distribution profiles for API nebu 
lized by the eFlow(R) was assessed by two different cascade 
impaction methods and by laser diffractometry as described 
herein: All impaction tests were performed with 4 ml API 
solution (20 mg/ml) nebulized by three eFlow(R) devices, each 
in duplicate (n-6). 

Andersen Cascade Impaction (ACI) 
0152 Aerodynamic droplet size distribution was analyzed 
using an Andersen Cascade Impactor (ACI) fitted with an 
USP-throat (Copley Scientific Instruments, Nottingham, 
UK). The ACI was equilibrated at 18°C. using a water bath. 
Environmental conditions were controlled at 23°C. and 50% 
relative humidity. The nebulizer was filled with 4 ml of for 
mulation and connected to the USP-throat. The airflow rate 
through the nebulizer and impactor was set at 28.3 L/min. The 
nebulizer was operated until nebulization was complete. Then 
the ACI was disassembled, plates and USP-throat were rinsed 
with 10 ml of phosphate buffer. The drug content was ana 
lyzed for each impactor stage and the USP throat separately. 
The Mass Median Aerodynamic Diameter (MMAD) was cal 
culated according to USP methods, using the CITDAS soft 
ware package (Copley Scientific Instruments, Nottingham, 
UK). 
0153. The impactor was operated at its calibration flow 
rate of 28.3 L/min at 22° C.2° C. and at 50%-5% relative 
humidity (rh.) according to a published test set up (Keller et 
al., 2002; Jaurnig, et al., 2004). Proteins from the ACI plates 
were extracted with 10 ml extraction buffer for 30 min. The 
ACI Inlet was rinsed with 10 g and the nebulizer with 15 g of 
extraction buffer (weight recorded). Droplet size distribution 
upon nebulization of 80 mg/4 ml API by three eFlow(R) 
devices (each in a duplicate, n=6) are summarised in table 5 
below. 
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TABLE 5 

Droplet size distribution upon Nebulization of 80 mg/4 ml 
API with ACI 

ACI 28.3 L/min Deposition Ing Mean 

22°C., 50% rh. run 1 run 2 run 3 run 4 run 5 run 6 mg 

ACI induction port O.1 O O O O O O.O 
(artificial throat) 
Stage 0 (<10.0 m) O.7 O.8 O.S O.S O.8 O.4 O.6 
Stage 1 (<9.0 m) 2.9 2.6 1.4 2.4 3.1 1.5 2.3 
Stage 2 (<5.80 m) 5.3 5.7 4.5 6.8 6.2 4 6 5.5 
Stage 3 (<4.70 m) 23.6 27 25.7 25 22.4 25.4 24.9 
Stage 4 (<3.30 m) 224 25.4 31.8 23.5 21.9 31.6 26.1 
Stage 5 (<2.10 m) 4.6 7.2 7 4.1 8.2 6.7 6.3 
Stage 6 (<1.10 m) O.3 0.4 O.3 O2 O.S. O.4 O.4 
Stage 7 (<0.65 m) O.1 O.1 O.1 O O.1 O O.1 
Filter (<0.43 m) O O O O O O O.O 

0154 It is apparent from the ACI data in the table above, 
that the ballistic momentum of the aerosol is negligible, since 
no drug is lost in the ACI-induction port which is acting as an 
artificial throat. The majority of drug (about 57.7 mg or 
72.1%) of the nominal dose is contained in droplets of about 
1.1-4.7 um allowing for a deep lung deposition of API into the 
lung periphery, which is the target site for API activity for 
providing an optimal therapeutic effect. 
(O155 Next Generation Impactor (NGI) 
0156 Aerodynamic droplet size distribution was also ana 
lyzed using a Next Generation Pharmaceutical Impactor 
(NGI) fitted with a USP-throat (Copley Scientific Instru 
ments, Nottingham, UK). eFlow(R) was filled with 4 ml of API 
formulation and connected to the USP-throat. The nebulizer 
was operated until nebulization was completed, and then the 
NGI was disassembled. The API content was analyzed for 
each impactor stage and the USP throat separately. The Mass 
Median Aerodynamic Diameter (MMAD) was calculated 
according to USP methods, using the Software package CIT 
DAS (Copley Scientific Instruments, Nottingham, UK). 
(O157. The NGI was operated at a flow of 15+0.5 l/min at 
22° C.i.2° C. and at 50%+5% relative humidity (rh.). The 
NGI cups were weighted before and after loading. The API on 
the single stages was extracted with 10 ml extraction buffer 
for 30 min. The NGI inlet was rinsed with 20 g and the 
nebulizer with 15 g extraction buffer (weight recorded). 
Droplet size distribution upon nebulization of 80 mg/4 ml API 
by three Flow devices (each in a duplicate, n=6) are sum 
marised in table 6 below. 

TABLE 6 

Nebulization of 80 mg/4 ml API with NGI 

NGI15 L/min Deposition Ing Mean 

22°C., 50% rh. run 1 run 2 run 3 run 4 run 5 run 6 mg 

Induction Port O.2 O.2 O.2 O.1 O.2 O.2 O.2 
Stage 1 (<14.1 m) 1.2 1 1 1.1 1.1 O.9 1.1 
Stage 2 (<8.61 m) 1 1 8 1.1 O.8 O.8 2.1 
Stage 3 (<5.36 m) 5.4 5.2 3.5 6 4.2 3.4 4.6 
Stage 4 (<3.30 m) 24.4 21.7 2O.S 24.5 23.4 19.4 22.3 
Stage 5 (<2.08 m) 31.3 27.5 34.6 28.S. 34.7 37.1 32.3 
Stage 6 (<1.36 m) 5.9 5.8 7.6 8.2 7.7 8.8 7.3 
Stage 7 (<0.98 m) O.2 O.6 0.7 O.8 O.9 O.8 0.7 
MOC (<0.37 m) O.2 O.S O.S O.6 O.S 0.7 O.S 
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0158. It is apparent from the NGI data, that the ballistic 
momentum of the aerosol is negligible, since only 0.2 mg (i.e. 
0.25%) of the nominal dose is lost and captured in the NGI 
induction port which is acting as an artificial throat. The 
majority of drug (about 61.9 mg or 77.4%) of the nominal 
dose is contained in droplets of about 1.36-3.3 m. These 
results further support the results obtained with the cascade 
impactors, showing that administering API by inhalation 
using the eFlow(R) nebulizer is highly effective in targeting the 
API to the lung alveoli, where its activity is mostly required. 

Laser Diffraction 

0159. The geometric droplet size distribution was charac 
terized by a diffractometer Mastersizer X (Malvern Instru 
ments, Herrenberg, Germany). Environmental conditions 
were controlled at 23° C. and 50% relative humidity. The 
airflow rate through the nebulizer and diffractometer was set 
at 201/min. The Mass Median Diameter (MMD) was calcu 
lated according to the Mie-theory choosing the 2CRAA pre 
sentation model supplied with the Malvern software. 
0160 A comparison of size distribution parameters after 
API nebulization derived by laser diffraction or cascade 
impaction with NGI and ACI impactors is shown in Table 7. 

TABLE 7 

Droplet size distribution parameters after API nebulization 
derived by laser diffraction or cascade impaction with NGI 

and ACI impactors (n = 6 

Laser 
Diffraction NGI ACI 

(8. SD (8. SD le:8 SD 

MMD/MMAD (Im) 31 O.1 31 O.1 3.3 0.1 
GSD 1.S. O.O 15 O1 1.4 0.1 
RF (<5 m) (%) 87.9 2.2 87.4 2.7 90.3 2.6 

0161. As is apparent from Table 7, the results obtained 
from laser diffraction, NGI and ACI are in a good agreement. 
Characterization of the aerosol droplet size distribution by 
three different methods shows a mass median diameter size in 
the range of about 3.1 um to about 3.3 um and a respirable 
fraction of droplets below 5um between 87% and 90% with 
the API solution and the eFlow(R) electronic nebulizer. Mul 
tiplying these values with the delivered dose found in breath 
simulation measurements (see Table 4 hereinabove), the 
respirable fraction ranges between 57-59 mg per inhalation. 
Furthermore, remarkably low geometric standard deviations 
(GSD) have been found indicating a very narrow droplet size 
distribution allowing for targeted delivery of the drug to the 
deep lungs. 

Respirable Dose, Drug Delivery Rate and Respirable Drug 
Delivery Rate 

0162 The value of the in-vitro respirable dose is derived 
from the delivered dose determined in the breath simulation 
experiment and the respirable fraction, i.e. the proportion of 
the API drug disposed in droplets having a size of <5 um. 
Assessment of respirable fraction by three different droplet 
sizing methods gave very similar results (between 87.4 and 
90.3%) with an average of 88.5-2.15% across all methods. 
This value is used for the calculation of the respirable dose. 
The drug delivery rate and the respirable drug delivery rate 
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are obtained by dividing the respective doses by the nebuli 
zation time. Table 9 summarizes the data for n=6. 

TABLE 9 

Respirable Dose, Drug Delivery Rate 
and Respirable Drug Delivery Rate 

API 

Mean SD 

Respirable Dose (mg <5 m) 57.8 2.90 
Respirable Dose (% of charged amount <5 m) 61.9 2.79 
Drag Delivery Rate (mg/min) 7.4 O.98 
Respirable Drug Delivery Rate (mg <5 m/min) 6.5 O.74 

SUMMARY AND CONCLUSION 

0163 The present in-vitro study investigated the nebuli 
zation of Alpha-1 Protease Inhibitor (API) solution in com 
bination with the eFlow(R), a novel electronic nebulizer. 
0164. The drug protein was not significantly damaged by 
the nebulization process. API activity in the two tested lots 
after nebulization by eFlow(R) was found to be 90.0% to 
94.5% of the original activity. 
0.165. The droplet size distribution obtained from the 
eFlow(R) was investigated by cascade impaction and laser 
diffraction. Cascade impaction was conducted using the Next 
Generation Pharmaceutical Impactor and the Andersen Cas 
cade Impactor. Laser Diffraction was conducted using a Mal 
vern Mastersizer X. The target range of the droplet size was 
between 1 um and 4 lum. Characterization by three different 
methods showed a median droplet size, MMD or MMAD, 
between 3.1 um and 3.3 um, meeting the desired target, and a 
respirable fraction of 87% to 90%. The GSD, which indicates 
the scattering of the droplet size distribution, was around 1.5, 
representing a very narrow size distribution. 
(0166 In-vitro breath simulation tests were conducted to 
assess treatment time and API delivery, using a standardized 
breathing pattern representing an adult patient. The Volume of 
API solution filled into the eFlow(R) was 4.0 ml (equivalent to 
a nominal dose of 80 mg). The nebulization time was 9.0+0.1 
min. An amount of around 65mg (70%) of active API can be 
delivered at the mouthpiece of the nebulizer. Combining this 
with the respirable fractions determined by droplet size dis 
tribution, an in-vitro respirable dose of around 58 mg (62%) 
can be calculated. Additional tests with a breathing pattern 
thought to represent a patient Suffering from severe emphy 
sema still gave an in-vitro delivered dose of 47 mg (56%). 
0167. The aforementioned in-vitro study has shown that 
nebulization of API by eFlow(R) produces an aerosol suitable 
to reach the patients lungs. The inhalation of API nebulized 
with the eFlow(R) delivers the drug molecules directly to the 
site of action and reduces the required amount of the scarce 
and expensive drug. Inhalation of API can help to offer an 
easy, quick and efficient therapy and can enable more patients 
Suffering from pulmonary disease to receive treatment. 
0.168. The foregoing description of the specific embodi 
ments will so fully reveal the general nature of the invention 
that others can, by applying current knowledge, readily 
modify and/or adapt for various applications such specific 
embodiments without undue experimentation and without 
departing from the generic concept, and, therefore, Such 
adaptations and modifications should and are intended to be 
comprehended within the meaning and range of equivalents 
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of the disclosed embodiments. It is to be understood that the 
phraseology or terminology employed herein is for the pur 
pose of description and not of limitation. The means, materi 
als, and steps for carrying out various disclosed systems, 
methods and functions may take a variety of alternative forms 
without departing from the invention. 
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1.-31. (canceled) 
32. A system for the treatment of pulmonary diseases com 

prising: 
a) a pharmaceutical composition comprising a purified, 

stable, active alpha-1 proteinase inhibitor (API) in a 
ready to use sterile solution; and b) an inhalation nebu 
lizer comprising 

i) an aerosol generator comprising: a liquid storage con 
tainer comprising the liquid pharmaceutical composi 
tion; a diaphragm having a first side and an opposite 
second side, the diaphragm having a plurality of open 
ings extending therethrough from the first side to the 
second side, where the first side is connected to the 
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liquid storage container Such that the liquid filled into 
the liquid storage container comes into contact with the 
first side of the diaphragm; and a vibration generator 
capable of vibrating the diaphragm So that the liquid 
filled into the liquid storage container is atomized on the 
second side of the diaphragm through the openings of 
the diaphragm; 

ii) a mixing chamber into which the aerosol generator 
expels said aerosol, the mixing chamber in contact with 
the second side of the diaphragm; 

iii) an inhalation valve that is open to allow an inflow of 
ambient air into the mixing chamber during an inhala 
tion phase and is closed to prevent escape of said aerosol 
from the mixing chamber during an exhalation phase; 
and 

iv) an exhalation valve that is open to allow the discharge of 
the respiratory air of a patient into the Surroundings 
during the exhalation phase and is closed to prevent the 
inflow of ambient air during the inhalation phase; 

wherein the pharmaceutical composition is nebulized by 
the inhalation nebulizer to forman aerosol composition. 

33. The system according to claim32, wherein the purified, 
stable alpha-1 proteinase inhibitor is purified from an unpu 
rified mixture of proteins by a process comprising elution 
from a plurality of ion exchange resins. 

34. The system according to claim 33, wherein the purified, 
stable alpha-1 proteinase inhibitor is purified from an unpu 
rified mixture of proteins by a process comprising elution 
from at least two anion exchange resins and at least one cation 
exchange resin. 

35. The system according to claim 32, wherein the pH of 
the pharmaceutical composition is in the range of 6.5-7.5, the 
stable alpha-1 proteinase inhibitor is at least 90% pure 
wherein at least 90% of the pure API is in its active form, and 
the concentration of said purified, stable alpha-1 proteinase 
inhibitor is less than 10% w/v. 

36. The system according to claim 35 wherein the concen 
tration of the purified, stable alpha-1 proteinase inhibitor is 
between about 1% to about 5%. 

37. The system according to claim 36, wherein the concen 
tration of the purified, stable alpha-1 proteinase inhibitor is 
about 2% and the purified, stable alpha-1 proteinase inhibitor 
is at least 95% to 99% pure. 

38. The system according to claim 32, wherein the mass 
median diameter of the aerosol droplets produced by the 
inhalation nebulizer is less than about 5um. 

39. The system according to claim38, wherein the geomet 
ric standard deviation (GSD) is lower than about 2.0. 

40. The system according to claim32, wherein at least 60% 
of API is dissolved in aerosol droplets of less than about 5um 
and the pulmonary disease is selected from the group consist 
ing of emphysema; chronic obstructive pulmonary disorder 
(COPD); bronchiectasis; tuberculosis; parenchymatic or 
fibrotic associated lung diseases and disorders including cys 
tic fibrosis, interstitial pulmonary fibrosis and sarcoidosis: 
and pulmonary diseases secondary to HIV. 

41. A method for treating pulmonary diseases or disorder 
which comprises administering to a subject in need thereof a 
therapeutically effective amount of the aerosol composition 
comprising alpha-1 proteinase inhibitor by the system of 
claim 32. 
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42. The method according to claim 41, wherein the inhibi 
tor is administered for treating a pulmonary disease at a phase 
of acute exacerbation. 

43. The method according to claim 41, wherein the pulmo 
nary disease is selected from the group consisting of emphy 
sema; chronic obstructive pulmonary disorder (COPD); 
bronchiectasis; tuberculosis; parenchymatic or fibrotic asso 
ciated lung diseases and disorders including cystic fibrosis, 
interstitial pulmonary fibrosis and sarcoidosis; and pulmo 
nary diseases secondary to HIV. 
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44. The method according to claim 43, wherein the pulmo 
nary disease is inherited emphysema or cystic fibrosis. 

45. The method according to claim 43, wherein at least 
50% to 70% of the API is delivered to the subject by the 
system and the API is absorbed by lung tissues of the subject. 

46. The method according to claim 43 wherein the subject 
is a human Subject. 


