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Abstract

Background: Alpha;-antitrypsin (AAT) deficiency is characterized by low blood levels of alpha;-proteinase inhibitor
(alpha;-Pl) and may lead to emphysema. Alpha;-PI protects pulmonary tissue from damage caused by the action
of proteolytic enzymes. Augmentation therapy with Prolastin® (Alpha;-Proteinase Inhibitor [Human]) to increase the
levels of alpha;-Pl has been used to treat individuals with AAT deficiency for over 20 years. Modifications to the
Prolastin manufacturing process, incorporating additional purification and pathogen-reduction steps, have led to
the development of an alpha;-PI product, designated Prolastin®C (Alpha;-Proteinase inhibitor [Human]). The
pharmacokinetic comparability of Prolastin-C to Prolastin was assessed in subjects with AAT deficiency.

Methods: In total, 24 subjects were randomized to receive 60 mg/kg of functionally active Prolastin-C or Prolastin
by weekly intravenous infusion for 8 weeks before crossover to the alternate treatment for another 8 weeks.
Pharmacokinetic plasma samples were drawn over 7 days following last dose in the first treatment period and over
10 days following the last dose in the second period. The primary end point for pharmacokinetic comparability
was area under the plasma concentration versus time curve over 7 days post dose (AUCq days) Of alpha;-PI
determined by potency (functional activity) assay. The crossover phase was followed by an 8-week open-label
treatment phase with Prolastin-C only.

Results: Mean AUCq; gays Was 155.9 versus 1524 mg*h/mL for Prolastin-C and Prolastin, respectively. The
geometric least squares mean ratio of AUCy7 gays for Prolastin-C versus Prolastin had a point estimate of 1.03 and a
90% confidence interval of 0.97-1.09, demonstrating pharmacokinetic equivalence between the 2 products. Adverse
events were similar for both treatments and occurred at a rate of 0.117 and 0.078 per infusion for Prolastin-C
(double-blind treatment phase only) and Prolastin, respectively (p = 0.744). There were no treatment-emergent viral
infections in any subject for human immunodeficiency virus, hepatitis B or C, or parvovirus B19 during the course
of the study.

Conclusion: Prolastin-C demonstrated pharmacokinetic equivalence and a comparable safety profile to Prolastin.
Trial Registration: ClinicalTrials.gov Identifier: NCT00295061.

Background

Alpha;-antitrypsin (AAT) deficiency is an inherited
autosomal disorder characterized by low blood levels of
alpha;-proteinase inhibitor (alpha;-PI) and is one of the
most common yet under recognized single-locus genetic
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diseases [1]. The disorder may lead to progressive severe
emphysema that can manifest as early as the fourth dec-
ade of life [2,3].

Alpha;-PI protects the lung from damage by proteoly-
tic enzymes (particularly neutrophil elastase) due to its
action as an inhibitor of serine proteinases. Neutrophil
elastase is released in the lung in response to inflamma-
tion and infection and can destroy the elastin in healthy
pulmonary tissue. Neutrophil elastase is normally
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inactivated by alpha;-PI and the lung is protected, but in
individuals with a deficiency of alpha;-PI, neutrophil
elastase may cause irreversible destruction of pulmonary
structures resulting in the development of emphysema.

The most specific approach to treating AAT defi-
ciency is augmentation of low serum AAT levels with
purified alpha;-PI through intravenous infusion in order
to maintain plasma levels above 11 pM. Plasma alpha;-
PI concentrations above a threshold of 11 uM are con-
sidered to be sufficiently protective against lung disease
progression in individuals with AAT deficiency [4]. Pro-
lastin® (Alpha;-Proteinase Inhibitor [Human], Talecris
Biotherapeutics, Research Triangle Park, NC, USA) is a
plasma-derived protein that has been administered as
augmentation therapy to individuals with AAT defi-
ciency for more than 20 years. In 2003, two other pre-
parations of alpha;-PI, Aralast (Baxter, Westlake Village,
California, USA) and Zemaira (CSL Behring, Kankakee,
Illinois, USA) were introduced in the United States.

Non-randomized observational studies have demon-
strated a slower decline in lung function for subjects
receiving Prolastin compared with those not receiving
the augmentation therapy [5-7]. In addition, Prolastin
has a proven tolerability [8-10] and pathogen safety
record [11]. Scientific advances since the introduction of
Prolastin have made it possible to incorporate modifica-
tions to the manufacturing process [12-14]. These
include an additional cation exchange chromatography
polishing step (to provide further purification), and
improved ultrafiltration and diafiltration. Two new dedi-
cated virus-reduction steps, solvent/detergent treatment
and 15 nm nanofiltration, replace the pasteurization
step in the Prolastin process.

These modifications to the Prolastin manufacturing
process have led to the development of an alpha;-PI
product, designated Prolastin®-C (Alpha;-Proteinase
Inhibitor [Human]), with increased purity, a higher con-
centration of active alpha;-PI, and, as demonstrated in
laboratory studies, a higher margin of safety from the
risk of transmission of infectious pathogens.

The aim of this study was to investigate the pharma-
cokinetic characteristics of Prolastin-C in individuals
with AAT deficiency and to compare these characteris-
tics with those of Prolastin in support of licensing Pro-
lastin-C. We report here the results of a multicenter,
randomized, double-blind, crossover trial. We also
assessed the tolerability and safety profile of Prolastin-C.

Methods

Subjects

Men and women aged > 18 years were eligible for inclu-
sion in the study if they had a documented diagnosis of
congenital AAT deficiency with genotype PiZZ, PiZ
Null, Pi Null Null, or other predefined “at-risk” alleles.
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Subjects must have received augmentation therapy with
Prolastin for at least 1 month prior to study start. In
addition, all subjects must have had documented alpha;-
PI serum levels of < 11 uM prior to receiving any aug-
mentation therapy and a forced expiratory volume in 1
second of 20% to 80% predicted value within the pre-
vious 6 months. All subjects provided written informed
consent prior to study participation. Subjects were
excluded from the study if they had a diagnosis of liver
cirrhosis, any severe concomitant disease, history of ana-
phylaxis to plasma-derived alpha;-PI or other blood pro-
duct, known immunoglobulin A (IgA) deficiency, or
exacerbations of their pulmonary disease within 1
month of study entry. Use of systemic steroids prior to
2 weeks of receipt of study medication (excluding
inhaled steroids used on a routine or as-needed basis)
was also not permitted. The study was approved by the
following local ethics review committees: University of
Florida Health Science Center Institutional Review
Board, National Jewish Medical Center and Research
Center Institutional Review Board, University of Texas
Health Center at Tyler Institutional Review Board,
Western Institutional Review Board, and the Medical
University of South Carolina Institutional Review Board
for Human Research. The study was conducted in
accordance with the Declaration of Helsinki and Good
Clinical Practice guidelines.

Study design

This multicenter, randomized, double-blind study con-
sisted of a 16-week crossover phase to evaluate the
pharmacokinetic comparability between Prolastin-C and
Prolastin (an initial 8-week treatment period and a sec-
ond 8-week period based on the alternate treatment),
followed by an 8-week open-label treatment phase with
Prolastin-C only (Figure 1). Subjects were randomized
in a 1:1 ratio. Each site was provided with randomiza-
tion envelopes in numerical order and with the rando-
mization number visible on the outside. Randomization
envelopes were sent to the pharmacist with study medi-
cation. The 6-digit randomization numbers were
assigned to subjects in ascending order at the baseline
visit, when the subject’s eligibility had been confirmed.
Subjects received a weekly intravenous infusion of either
60 mg/kg body weight of functionally active Prolastin-C
or 60 mg/kg functionally active Prolastin determined by
potency assay during the first 8-week treatment period.
Since Prolastin-C is reconstituted in half the volume of
diluent compared with Prolastin, treatment was admi-
nistered in 2 infusion bags of equal volume for each
product: in the case of Prolastin-C, the first bag con-
tained normal saline and the second Prolastin-C. For
Prolastin total volume was split equally into 2 infusion
bags. This was done in order to maintain the blinding.
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Figure 1 Study design.

Prolastin-C was not split equally into 2 bags because the
blinding methods would require dilution of the product
to achieve volumes identical to Prolastin in each bag.
The method used enabled assessment of the safety and
tolerability of Prolastin-C as it would be used in clinical
practice (ie, in a “real world” situation). Each infusion
bag was administered over approximately 15 minutes
such that the total infusion time for each treatment was
30 minutes.

Blood sampling

In the first treatment period, a pre-infusion blood sam-
ple was drawn for pharmacokinetic analysis prior to the
last dose of study medication (Week 8). Following this
last dose, a total of 10 serial samples were drawn over 7
days at nominal time 0.25 h, 0.5 h, 0.75 h, 2.5 h, 4.5 h,
8.5 h, 24.5 h, 48.5 h, 120.5 h, and 168.5 h after complet-
ing infusion of the first infusion bag (Figure 1). Subjects
were then crossed over to the alternate treatment. In
the second treatment period, a pre-infusion blood sam-
ple was again taken prior to the last dose of study medi-
cation (Week 16), followed by 11 serial blood samples
over 10 days after the last dose at nominal time 0.25 h,
0.5 h, 0.75 h, 2.5 h, 4.5 h, 8.5 h, 24.5 h, 48.5 h, 120.5 h,

168.5 h, and 240.5 h after completing infusion of the
first infusion bag and before the start of the 8-week
open-label treatment phase (Figure 1). In addition,
blood samples were drawn for the determination of
trough levels of alpha;-PI before the start of the infusion
at Weeks 6, 7, and 8, and at Weeks 14, 15, and 16. Dur-
ing the open-label treatment phase (Weeks 17-24), all
subjects received 60 mg/kg body weight Prolastin-C
exclusively for 8 weeks.

Blood was collected into two tubes containing 4.5 ml
of sodium citrate. The contents of the tubes were mixed
gently and centrifuged at 2500 x g for 15 minutes. The
plasma was transferred equally into two 3-ml cryovials
using a disposable pipette, without disturbing the bufty
coat (white blood cells) or the red blood cells. Each ali-
quot was required to contain an equal amount of
sodium citrate solution and at least 1 ml of plasma. The
samples were frozen immediately. The measurement of
the alpha;-PI concentration in plasma was adjusted to
account for the presence of sodium citrate.

Pharmacokinetic parameters
For pharmacokinetic evaluation, plasma samples were
analyzed for concentrations of alpha;-PI using (a) a
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potency (functional activity) assay to measure only the
active concentration of protein capable of inhibiting
neutrophil elastase (via a colorimetric method [15]), and
(b) a content (antigenic) assay based on immunoprecipi-
tation of soluble alpha;-PI antigen, using a correspond-
ing alpha;-PI antiserum to measure both functionally
active and inactive forms of the protein (by immunone-
phelometry [Behring Nephelometer BNII]). Both vali-
dated assays were applied to the analysis of each plasma
sample. The concentration data are reported in the unit
of mg/mL, and also in the unit of uM from the content
assay in conformance with historical data. For the
potency assay, the conversion factor is 1 mg/mL alpha;-
PI equivalent to 19.2 uM. For the content assay, 1 mg/
mL alpha;-PI is equivalent to 22.6 pM. The lower limit
of quantification for alpha;-PI in plasma using the
potency assay was 0.007 mg/mL and 0.07 mg/mL using
the content assay.

Only the results of the potency assay were used for
primary statistical analyses to determine pharmacoki-
netic comparability between the 2 treatments. The pri-
mary pharmacokinetic parameter used for treatment
comparison was the area under the plasma alpha;-PI
concentration versus time curve over 7 days’ post-infu-
sion (AUCy.7 days) at steady state (ie, after the last dose
administered in each treatment period). Using the
potency assay results for the primary pharmacokinetic
parameter eliminates the inherent bias in plasma con-
centrations of total antigenic alpha;-PI between the 2
products with different antigenic content but adminis-
tered at the same dose based on potency. Since the con-
tent assay has been used historically to report serum
levels of alpha;-PI, especially trough levels, it was also
performed to provide supportive data for historical
comparison.

Other pharmacokinetic parameters determined for
alpha;-PI included first observed peak plasma alpha;-PI
concentration following drug infusion (C,,.y), time to
reach observed C,.x (tmax), terminal half-life (t;,,),
observed plasma alpha;-PI trough concentration prior to
the start of infusions (Ciougn), and average trough con-
centration of alpha;-PI at steady state (mean Ciough)-
The pharmacokinetic parameters of alpha;-PI at steady
state were calculated at the end of the first and second
8-week double-blind treatment periods using noncom-
partmental pharmacokinetic methods with WinNonLin
Professional Software, version 4.1 (Pharsight Corpora-
tion, Mountain View, California, USA).

Safety profile

Safety data included frequency and nature of adverse
events (AEs), exacerbations of pulmonary disease, vital
signs, and laboratory data. Alpha;-PI antibody testing
was also performed by Prolastin-C antibody screening
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enzyme-linked immunosorbent assay with a detection
limit of 250 ng/mL. Subjects also underwent testing for
human immunodeficiency virus (HIV), hepatitis B virus
(HBV), hepatitis C virus (HCV), and parvovirus B19
using viral nucleic acid testing by polymerase chain
reaction (PCR) at baseline and Weeks 9 and 17, and
nucleic acid testing by PCR and viral serology testing at
study end (Week 24). If a viral serology test result was
positive at Week 24, or if any PCR result was positive at
any time point during the study, then the sample
retained at baseline was serologically tested.

Statistical methods

The sample size of 20 subjects (10 subjects per treat-
ment sequence) was sufficient to demonstrate compar-
ability with regard to AUCy.74ays With 90% power up to
a standard deviation of 0.288 of the difference in the
log. scale (this corresponds to a mean square error in
the ANOVA < 0.041) under the assumption of an
expected mean treatment difference of 0 (or treatment
ratio of 1), a lower equivalence limit of -0.223 (= log,
0.8), an upper equivalence limit of 0.223 (= log, 1.25),
and a one-sided alpha of 0.05 (corresponds to a 90%
confidence interval [CI]).

The study populations for analysis included the intent-
to-treat population, which was defined as all randomized
subjects; the safety population, which included all sub-
jects who received any study medication; and the phar-
macokinetic population, which comprised all subjects
who received study medication and had sufficient
plasma alpha;-PI concentration data to facilitate calcula-
tion of pharmacokinetic parameters.

Descriptive statistics were calculated for baseline vari-
ables and for each pharmacokinetic parameter deter-
mined from alpha;-PI concentration data by both
potency and content assays. In order to compare the
primary pharmacokinetic parameter (AUCg_7 qays)
between the 2 products, loge-transformed AUCq_7 gays
values were analyzed by analysis of variance, with treat-
ment, treatment sequence, and study period as fixed
effects, and subject (nested within sequence) as a ran-
dom effect. A Wilcoxon Rank test was used to compare
the AE rates between Prolastin-C and Prolastin. All sta-
tistical analyses and summaries were produced using
SAS® version 8.2 (or higher).

Results

Subject disposition and baseline characteristics

A total of 28 subjects were screened, 24 were rando-
mized (12 to each treatment sequence, ie, Prolastin
treatment followed by Prolastin-C treatment, or Prolas-
tin-C treatment followed by Prolastin treatment), and 24
were eligible for pharmacokinetic analysis (Figure 2).
Four subjects were discontinued prior to randomization
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Figure 2 Subject disposition.

(2 were screen failures and 2 withdrew consent). All
randomized subjects completed both the double-blind
treatment phase and the open-label phase. Subject
demographics and baseline characteristics were similar
between treatment sequences and are shown in Table 1.
A diagnosis of severe AAT deficiency was confirmed by
the presence of the PiZZ genotype in 23 of 24 subjects
and by the genotype PiSZ in 1 subject. All subjects had
received prior therapy with Prolastin.

Pharmacokinetic evaluation

Among the 24 subjects in the pharmacokinetic popula-
tion, 1 subject missed the infusion at Week 8 when Pro-
lastin-C was to be administered and 2 subjects receiving
Prolastin at Week 8 did not have sufficient data points
for determination of AUCy.7 gays Or other pharmacoki-
netic parameters due to sample hemolysis affecting the
potency assay. Sample hemolysis affected the content
assay of samples from 1 subject following Prolastin
treatment.

Primary end point for pharmacokinetic comparability

The mean plasma alpha;-PI concentration versus time
plots as determined by the potency assay show that
plasma alpha;-PI concentrations versus time curves
derived from the 2 products were almost superimposa-
ble (Figure 3). The mean AUCy.7 gays Was 155.9 mg*h/
mL for Prolastin-C (n = 23) and 152.4 mg*h/mL for
Prolastin (n = 22) (Table 2). The geometric least squares
mean ratio of AUCy.7 gays Prolastin-C versus Prolastin,
had a point estimate and 90% CI of 1.03 and 0.97-1.09,
respectively, for the potency assay results (Table 3). The

90% CI falls within the limit of 0.80-1.25, a criterion for
concluding bioequivalence between treatments based on
U.S. Food and Drug Administration (FDA) guidance
[16].

Other pharmacokinetic parameters

The other pharmacokinetic parameters were similar for
both treatments based on the potency assay (Table 2).
A slightly shorter median t,,,, was measured for Prolas-
tin-C compared with Prolastin (0.673 hour versus 0.820
hour, respectively). The 90% CI interval for the geo-
metric least squares mean ratio of C,,,, for Prolastin-C
versus Prolastin based on the potency assay (0.92-1.04)
was also within the limit of 0.80-1.25.

Pharmacokinetic parameters by content assay

Using the content assay, the mean AUCq.7 4ays Was
190.1 mg*h/mL for Prolastin-C (n = 23) and 194.8
mg*h/mL for Prolastin (n = 23), respectively. As an
exploratory comparison, the 90% CI values for the geo-
metric least squares mean ratio of AUCq_;7 days, Prolas-
tin-C versus Prolastin, also fell within the limit of 0.80-
1.25 (Table 3). Mean plasma concentration versus time
curves were similar between treatments with the excep-
tion of the distribution phase, where Prolastin elicited a
higher C,,,x compared with Prolastin-C (Figure 4).
There were no major differences in other pharmacoki-
netic parameters for alpha;-PI measured between treat-
ments based on the content assay except that median
tmax Was slightly shorter for Prolastin-C (0.703 hour)
than for Prolastin (0.955 hour). For comparison with
historical data, Ciough based on the content assay was
evaluated (Table 4). All subjects, following each
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Table 1 Subject Demographics by Treatment Sequence (ITT Population)
Prolastin/Prolastin-C (n = 12)

Prolastin-C/Prolastin (n = 12) All Subjects (n = 24)

Mean age, y (SD) 57.0 (933) 584 (6.86) 577 (8.04)
Mean body weight, kg (SD) 814 (15.37) 89.7 (19.49) 85.5 (17.67)
Male gender, n (%) 4 (333) 6 (50.0) 10 (41.7)
Female gender, n (%) 8 (66.7) 6 (50.0) 14 (58.3)
Time since AAT deficiency diagnosis, y (SD) 8.69 (6.96) 9.10 (6.02) 8.89 (6.37)
Mean pre-augmentation alpha;-Pl plasma level, uM (SD) 5.29 (1.90) 492 (2.01) 511 (1.92)
Mean baseline alpha;-PI serum level, uM (SD)* 17.7 (3.26) 19.8 (4.38) 18.7 (3.91)
Mean FEV; predicted, % (SD) 438 (13.2) 418 (13.8) 428 (13.3)
Deficiency genotype, n (%)
Pizz 12 (100) 11 (91.7) 23 (95.8)
PiSz 0 1(83) 1(4.2)
Prior Prolastin therapy, n (%) 12 (100) 12 (100) 24 (100)
Medical history, n (9%)"
Obstructive pulmonary diseases*
COPD 8 (66.7) 7 (583) 15 (62.5)
Emphysema 6 (50.0) 7 (58.3) 13 (54.2)
Bronchiectasis 3 (25.0) 2 (16.7) 5 (20.8)
Asthma 3(25.0) 3(25.0) 6 (25.0)
Other conditions
Headache 3 (25.0) 4 (333) 7 (29.2)
Pneumonia 2 (16.7) 3 (25.0) 5(20.8)
Depression 2 (16.7) 3 (25.0) 5 (20.8)
Hypertension 2 (16.7) 3 (25.0) 5 (20.8)

COPD = chronic obstructive pulmonary disease; FEV; = forced expiratory volume in 1 second; ITT = intent to treat. *By content (antigenic) assay (n = 22).
TOccurring in = 5 subjects. *Pulmonary diagnosis reported in study documentation.

treatment, achieved mean Cyougn of plasma alpha,;-PI
above the historical target level of 11 pM.

Safety results

Treatment exposure

A total of 188 weekly infusions of Prolastin-C and 192
weekly infusions of Prolastin were administered in the
double-blind crossover phase. A further 192 weekly
infusions of Prolastin-C were administered in the open-
label treatment phase, resulting in a total of 380 weekly
infusions of Prolastin-C throughout the whole study.
Adverse events

AEs occurring in the double-blind crossover and open-
label phases are summarized in Table 5. During the
entire study (double-blind crossover plus open-label
phases), a total of 36 AEs were reported in subjects
receiving Prolastin-C, giving a rate of 0.095 AEs per
infusion. For the crossover phase, the rate of AEs per
infusion was 0.117 in the subjects treated with Prolas-
tin-C and 0.078 during Prolastin treatment (Table 5). A
Wilcoxon Rank test gave a p-value of 0.744, which sug-
gested no significant difference between the 2 treat-
ments for the rates of AEs during the crossover phase.

The most frequently reported AEs (occurring in = 2
subjects) in the crossover phase were upper respiratory
tract infection in subjects treated with Prolastin-C and
headache and arthralgia in those treated with Prolastin.
During the open-label phase, the most frequently occur-
ring AEs in Prolastin-C-treated subjects were urinary
tract infection and rales (Table 5). During Prolastin-C
treatment, 2 AEs (2 episodes of pruritus in a single sub-
ject), representing a rate of 0.005 AEs per infusion, were
considered to be related to study drug; 1 case occurred
in the double-blind crossover phase and 1 in the open-
label phase.

The majority of AEs were considered to be mild to
moderate in severity. Only 2 serious AEs were reported
during the study: a single subject experienced severe
spinal osteoarthritis and severe cervical spinal stenosis
after 8 weeks of double-blind treatment with Prolastin,
which were not considered to be related to study medi-
cation. No deaths or premature discontinuations due to
AEs were reported in this study. Ten pulmonary exacer-
bations were observed in 8 patients during the study: 8
in the double-blind crossover phase (4 on Prolastin and
4 on Prolastin-C) and 2 in the open-label phase. Eight
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Figure 3 Mean plasma alpha;-Pl concentration versus time curves following treatment with Prolastin-C or Prolastin: potency
[functional activity] assay results.

Table 2 Summary of Pharmacokinetic Parameters of
Plasma Alpha;-Pl Determined by Potency [Functional

Activity] Assay

Prolastin-C 60

Prolastin 60 mg/

mg/kg kg
Mean AUCo.7 dayss Mg*h/mL 1559 (17) 1524 (16)
(% V)

n=23 n=22
Mean Crax, mg/mL (% CV) 1.797 (10) 1.848 (15)

n=22 n=23

Median adjusted tmax, hr
(range)

0673 (0.23-2.59)

0.820 (0.25-2.90)

n=22 n=23
Mean ty,, hr (% CV) 146.3 (16) 1393 (18)
n=2 n=22

CV = coefficient of variation.

of the exacerbations were considered moderate (5 on
Prolastin-C [3 in the crossover phase and 2 in the open-
label phase] and 3 on Prolastin), and 2 were considered
mild (1 each for Prolastin and Prolastin-C). No exacer-
bation of pulmonary disease was severe or considered to
be a serious AE. All were resolved within approximately
2 weeks with drug therapy.

Viral testing

There were no treatment-emergent viral infections in
any subject for HIV, HBV, HCV, or parvovirus B19 dur-
ing the course of the study as measured by nucleic acid
testing by PCR or viral serology. Evidence of a prior par-
vovirus B19 infection was observed in 18/24 subjects
(75%). These subjects tested negative for parvovirus B19
IgM antibodies and positive for parvovirus B19 IgG anti-
bodies at baseline and Week 24, and negative for parvo-
virus DNA throughout the study. In addition, these
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Table 3 Ratio of Point Estimates and 90% Cls for AUCq_; 4ays for Prolastin-C versus Prolastin

Geometric least squares mean ratio: Prolastin-C versus Prolastin

Potency assay

Content assay

Point estimate

90% ClI

Point estimate 90% ClI

AUCo 7 gayss mg*h/mL 1.03

0.97-1.09 0.98

0.95-1.02

subjects did not exhibit any clinical symptoms of
infection.

Other safety data

There were no clinically relevant differences between
Prolastin-C and Prolastin with respect to laboratory
assessments (hematology, clinical chemistry, and urina-
lysis parameters) or vital signs throughout the study. All
study samples were negative for antibodies to alpha;-PI.

Discussion

This study describes the first human administration of
Prolastin-C, a new concentrated form of alpha;-PI
prepared from human plasma for administration as

augmentation therapy to individuals with AAT defi-
ciency. Since it has increased purity and a higher con-
centration of alpha;-PI in comparison with Prolastin,
Prolastin-C has the potential to be administered with a
shorter infusion time and, therefore, may offer improved
convenience for patients receiving weekly doses of
alpha;-PL

The study was designed to evaluate the pharmacoki-
netic profile of Prolastin-C and to assess the pharmaco-
kinetic comparability of Prolastin-C to Prolastin in
subjects with AAT deficiency. Bioequivalence was
demonstrated between the 2 alpha;-PI preparations,
both administered at a dose of 60 mg/kg body weight
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Figure 4 Mean plasma alpha;-Pl concentration versus time curves following treatment with Prolastin-C or Prolastin: content
[antigenic] assay results.
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Table 4 Summary of Steady-State Trough Concentrations
of Plasma Alpha,-Pl Determined by Content [Antigenic]
Assay

Prolastin-C 60 Prolastin 60
mg/kg mg/kg
Mean Ciough UM (% CV) 169 (14) 16.7 (16)
n=23 n=24

Subjects with mean Cyougn > 23/23 (100%) 24/24 (100%)

11 uM

One subject missed a Prolastin-C infusion at Week 8. Therefore, only 23 data
sets were available for determination of Cy ougn following Prolastin-C
treatment.

based on the potency assay. The 90% CI of the geo-
metric least squares mean ratio for AUCg.7 qays by
potency assay, the primary end point, Prolastin-C versus
Prolastin, was 0.97-1.09, which was within the limit that
defines bioequivalence between 2 products according to
FDA guidance, namely 0.80-1.25 [16]. This demonstra-
tion of bioequivalence between Prolastin and Prolastin-
C provides clinicians with the confidence that Prolastin-
C will have a comparable pharmacokinetic profile.
Patients prescribed Prolastin-C will maintain similar
overall plasma exposure to alpha;-PI as they had with
Prolastin. In addition, Prolastin-C has improved purity
and a higher concentration of alpha;-PI.

Augmentation therapy for AAT-deficient patients has
been through intravenous administration of alpha;-PI
with the dose amount based on the functionally active
alpha;-PI in the drug product, measured by the func-
tional activity assay. Historically, augmentation therapy
has been evaluated by measuring the rise in serum con-
centrations of alpha;-PI using an antigenic content assay

Table 5 Summary of AEs
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after administration of an alpha;-PI product. The anti-
genic content assay measures both functionally active
and non-active forms of alpha;-PI. The functionally
inactive forms may include oxidized, oligomerized, and
polymerized forms of the alpha;-PI protein.

It has previously been shown that some alpha;-PI pre-
parations have a higher antigenic content than function-
ally active content, which results in differences in the
specific activity of alpha;-PI products. When dose is
determined based on the amount of functionally active
alpha;-PI, the product with a lower specific activity
would be administered at a higher amount of total or
antigenic content of alpha;-PI, potentially resulting in
higher concentrations of the alpha;-PI antigenic content
in plasma. Therefore, using the content assay to assess
pharmacokinetic comparability between 2 products with
different specific activities (eg, Prolastin with > 0.35 mg
functional alpha;-PI per milligram of total protein ver-
sus Prolastin-C with > 0.8 mg per milligram of total
protein) introduces an inherent bias in the comparison.

In order to eliminate this bias, the potency assay was
employed to measure concentrations of functionally
active alpha;-PI in the systemic circulation and to assess
pharmacokinetic comparability between the 2 products
(Prolastin-C and Prolastin), administered at the same
dose amount of the functionally active alpha;-PI. Since
the content assay has been used historically to measure
systemic exposure to alpha;-PI for its protective effect
to maintain plasma levels above a threshold of 11 uM
[4], the results from the content assay, as well as those
from the potency assay, were used in the graphical
representation of plasma alpha;-PI concentration versus

Double-blind Crossover Phase Open-label Phase

Prolastin-C (n = 24)

Prolastin (n = 24) Prolastin-C (n = 24)

8 Weeks 8 Weeks 8 Weeks
AEs by subject
Any AE, n (%) 11 (45.8) 9 (37.5) 11 (45.8)
AEs by total number and rate per infusion
Total number of AEs (rate per infusion) 22 (0.117) 15 (0.078) 14 (0.073)
Total number of AEs occurring in > 2 subjects (rate per infusion)
Upper respiratory tract infection 2 (0.011) 1 (0.005) 1 (0.005)
Urinary tract infection 1 (0.005) 0 2 (0.010)
Headache 1 (0.005) 2 (0.010) 0
Rales 0 0 2 (0.010)
Arthralgia 0 2 (0.010) 0
AEs leading to withdrawal 0 0 0
Total number of SAEs (rate per infusion) 0 2 (0.010) 0
Deaths 0 0 0

Total number of weekly infusions: Prolastin-C, 380 (double-blind plus open-label phases); 188 (double-blind phase only); 192 (open-label phase only). Prolastin,

192 (double-blind phase only).
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time following treatment with Prolastin-C or Prolastin
(Figures 3 and 4). It should be noted that it is not possi-
ble, or appropriate, to compare results between 2 assay
methods that measure different entities (ie, one for
functionally active protein and the other for functionally
active and inactive proteins), as different reference stan-
dards are used to establish the calibration curves.

While the primary end point for pharmacokinetic
comparability of this study was based on data from the
potency assay, results derived from the content assay
also demonstrated pharmacokinetic comparability
between the 2 alpha;-PI preparations, based on the 90%
CI (0.95-1.02) of the geometric least squares mean ratio
of AUCy.7 days Prolastin-C versus Prolastin.

Mean values of other key pharmacokinetic parameters
(including Cpaxs tmaxs t1/2, and mean Cyougn) derived
from the potency and content assays were also compar-
able between Prolastin-C and Prolastin. Analysis of the
data for C,,, using the potency assay showed that the
90% CI values of the geometric least squares mean
ratios for Prolastin-C versus Prolastin (0.92-1.04) were
also within the limit defined by the FDA guidance for
bioequivalence. This result is encouraging, even though
the study was not designed to compare C,,,x between
products, because C,,,, would vary with the rate of infu-
sion, which is the case of this study (ie, 4 mg/kg/min for
Prolastin-C and 2 mg/kg/min for Prolastin). Slightly
higher C,,, of alpha;-PI concentrations were measured
following Prolastin treatment compared with Prolastin-
C treatment using the content assay. Prolastin was
administered at a greater total protein “antigenic con-
tent” than Prolastin-C, which could potentially result in
higher plasma concentrations of alpha;-PI antigenic
content especially during the early phase shortly after
infusion. The higher antigenic content of Prolastin
results from its lower specific activity versus that for
Prolastin-C.

A slightly shorter t,., (by approximately 0.15-0.25
hour) was observed for Prolastin-C compared with Pro-
lastin, using both the potency and content assays. This
may be explained by the shorter infusion time for Pro-
lastin-C (over 15 minutes) compared with Prolastin
(over 30 minutes) because Prolastin-C was reconstituted
in half the diluent of Prolastin, and therefore the infu-
sion time for Prolastin-C was reduced by 50%. This
slight difference in t;,, between the 2 treatments,
mainly introduced by trial design, would not be clini-
cally meaningful, considering how Prolastin-C will be
used in the clinic. There were no substantial differences
between Prolastin-C and Prolastin in mean t;;, estimates
for alpha;-PI based on the results of the potency assay
(146.3 and 139.3 hours, respectively). The mean ty/,
values obtained using the content assay were also com-
parable between Prolastin-C and Prolastin. These values
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support the once-weekly dosing schedule for each
treatment.

In this study, mean Ciugn concentrations for plasma
alpha;-PI derived from the content assay were at levels
that maintained a protective concentration of alpha;-PI
Furthermore, all subjects receiving either of the 2 treat-
ments achieved mean Cyqygn levels of alpha;-PI above
the historical target threshold of 11 pM.

Both Prolastin-C and Prolastin were well tolerated,
and there was no statistically significant difference
between the rates of AEs per infusion between the 2
treatments. The safety profiles of Prolastin-C and Pro-
lastin in this study were similar to those previously
described for weekly Prolastin infusions. The observa-
tions with Prolastin-C are consistent with the known
Prolastin risk profile, and no unexpected safety findings
were reported. The results also confirmed the virus
safety of Prolastin-C.

Conclusion

For more than 20 years, Prolastin has been one of the
mainstays of treatment for AAT deficiency. Compared
with the Prolastin manufacturing process, the Prolastin-
C modified process provides greater purity, a higher
concentration of active alpha;-PI, and a high margin of
safety from the risk of transmission of infectious patho-
gens. Given the pharmacokinetic comparability and
similar safety profiles between Prolastin-C and Prolastin
as demonstrated by this study, Prolastin-C is a safe and
effective therapy for individuals with AAT deficiency.

Acknowledgements

The study on which this manuscript is based was presented as a poster at
the 2009 American Thoracic Society meeting, San Diego, CA, USA, and the
abstract for the poster was published in Am J Respir Crit Care Med., Apr
2009;179. The study was also presented as a poster at the 2009 Nordic Lung
Congress, Aarhus, Denmark. This study was sponsored by Talecris
Biotherapeutics, Inc (Research Triangle Park, North Carolina 27709, USA).
Talecris contributed to the study design, and the data were analyzed by a
statistician employed by Talecris. Talecris participated in the decision to
submit the manuscript for publication. Technical editorial assistance was
provided under the direction of the authors by Susan Robinson, PhD, and
Martin Kenig, DPhil, of PAREXEL and was supported by Talecris
Biotherapeutics, Inc.

Author details

1Departmem of Medicine, University of Texas Health Science Center at Tyler,
11937 US Hwy 271, Tyler, TX 75708-3154, USA. “University of Florida School
of Medicine, Gainesville, FL, USA. *INDAPharma, LLC, Chapel Hill, NC, USA.
4University of Miami School of Medicine, FL, USA. 5University of Toronto,
Toronto, Canada. “Temple University Hospital, Philadelphia, PA, USA.
’National Jewish Health, Denver, CO, USA. ®Medical University of South
Carolina, Charleston, SC, USA. °St. Luke's-Roosevelt Hospital Center, New
York, NY, USA.

Authors’ contributions

JMS, FK, and RAS all contributed to study design and acquisition of data.
They each participated in the analysis and interpretation of results and were
involved in the preparation of the manuscript. MLB carried out the alphal-Pl
assays, made substantial and significant contributions to study design,



Stocks et al. BMC Clinical Pharmacology 2010, 10:13
http://www.biomedcentral.com/1472-6904/10/13

coordination, review of the data, and editing of the manuscript. LW-S made
substantial and significant contributions to the conception, study design,
protocol amendment, data analysis and interpretation of the
pharmacokinetic data, identified critical issues over the bioanalytical
methods and data discrepancies to be addressed, and wrote the Clinical
Study Report for this study. In addition, she was instrumental in reviewing,
commenting, drafting, and revising the manuscript. MAC contributed to the
acquisition, analysis, and interpretation of data, and was involved in drafting
of the manuscript and revising it critically for important intellectual content.
KRC was involved in the analysis and interpretation of data and critically
reviewed the manuscript. CS participated in study design and coordination
and helped to edit the manuscript. GT participated in planning the study
and reviewed the manuscript. All authors read and approved the final
manuscript.

Competing interests

Dr Stocks has received grant support related to alpha-1 antitrypsin drug
development from Baxter, CSL Behring, Kamada, and Talecris Biotherapeutics.
He has been a consultant for Baxter, CSL Behring, and Talecris. He is on the
speakers’ bureau for Baxter and Talecris. Dr Brantly received grants in
support of this research: National Heart, Lung and Blood Institute (NHLBI)
K24 HL004456-5, University of Florida MO1 RRO00082, and Talecris
Biotherapeutics. Dr Wang-Smith is a pharmacokinetic consultant to Talecris
Biotherapeutics, Inc, on a contract/consulting basis with fees. Dr Campos
has received consulting fees from Talecris Biotherapeutics. Dr Chapman has
received compensation in the past 3 years for consulting with AstraZeneca,
Boehringer Ingelheim, CSL Behring, GlaxoSmithKline, Merck Frosst, Novartis,
Nycomed, Pfizer, Roche, Schering Plough, and Talecris Biotherapeutics; has
undertaken research funded by AstraZeneca, Boehringer Ingelheim, CSL
Behring, Forest Labs, GlaxoSmithKline, Novartis, Parangenix, Roche, and
Talecris; and has participated in continuing medical education activities
sponsored in whole or in part by AstraZeneca, Boehringer Ingelheim, Grifols,
GlaxoSmithKline, Merck Frosst, Novartis, Nycomed, Pfizer, and Talecris. Dr
Kueppers has received grant support from CSL Behring, Baxter Healthcare,
and Talecris Biotherapeutics. Dr Sandhaus has received grants from the
Alpha-1 Foundation, the National Institutes of Health, and AlphaNet. He has
been a consultant for Kamada, CSL Behring, Talecris Biotherapeutics, GTC
Biotherapeutics, Dey Pharmaceuticals, and Arriva on AATD. Dr Strange has
received grants from the National Institute of Health, Talecris Biotherapeutics,
the Alpha-1 Foundation, and the Alpha-1 Association in the study of alpha-1
antitrypsin deficiency (AATD). He has been a consultant for Arriva, GTC
Biotherapeutics, Talecris Biotherapeutics, and Gilead on AATD. He is on the
speakers’ bureau for Talecris Biotherapeutics and Baxter Healthcare. Dr
Turino is a consultant to Talecris Biotherapeutics and has had research grant
support from Boehringer Ingelheim Corp.

Received: 29 December 2009 Accepted: 30 September 2010
Published: 30 September 2010

References

1. de Serres FJ: Alpha-1 antitrypsin deficiency is not a rare disease but a
disease that is rarely diagnosed. Environ Health Perspect 2003,
111:1851-1854.

2. Kohnlein T, Welte T: Alpha-1 antitrypsin deficiency: pathogenesis, clinical
presentation, diagnosis, and treatment. Am J Med 2008, 121:3-9.

3. Fregonese L, Stolk J: Hereditary alpha-1-antitrypsin deficiency and its
clinical consequences. Orphanet J Rare Dis 2008, 3:16-24.

4. American Thoracic Society/European Respiratory Society statement:
standards for the diagnosis and management of individuals with alpha-
1 antitrypsin deficiency. Am J Respir Crit Care Med 2003, 168:818-900.

5. The Alpha-1-Antitrypsin Deficiency Registry Study Group: Survival and
FEV1 decline in individuals with severe deficiency of alpha 1-antitrypsin.
Am J Respir Crit Care Med 1998, 158:49-59.

6. Wencker M, Fuhrmann B, Banik N, Konietzko N: Longitudinal follow-up of
patients with al-protease inhibitor deficiency before and during therapy
with IV al-protease inhibitor. Chest 2001, 119:737-744.

7. Chapman KR, Stockley RA, Dawkins C, Wilkes MM, Navickis RJ:
Augmentation therapy for alpha 1 antitrypsin deficiency: a meta-
analysis. COPD 2009, 6:177-184.

8. Wencker M, Banik N, Buhl R, Seidel R, Konietzko N: Long-term treatment of
alpha1-antitrypsin deficiency-related pulmonary emphysema with

Page 11 of 11

human alpha1-antitrypsin. Wissenschaftliche Arbeitsgemeinschaft zur
Therapie von Lungenerkrankungen (WATL)-alpha1-AT-study group. Fur
Respir J 1998, 11:428-433.

9. Stoller JK Fallat R, Schluchter MD, O'Brien RG, Connor JT, Gross N, O'Neil K,
Sandhaus R, Crystal RG: Augmentation therapy with alpha1-antitrypsin:
patterns of use and adverse events. Chest 2003, 123:1425-1434.

10. Bernhardt T, Cortes R: Post license safety of prolastin. £ur Respir J 2006,
28(Suppl 50):518s.

11.  Pifat D, Osheroff W, Hotta J, Roth N, Cai K, Petteway S: Pathogen safety of
Prolastin®. Eur Respir J 2006, 28(Suppl 50):518s.

12.  Burdick MD, Pifat DY, Petteway SR, Cai K: Clearance of prions during
plasma protein manufacture. Transfus Med Rev 2006, 20:57-62.

13. Zimmerman TP: Yield improvement for manufacture of alpha-proteinase
inhibitor. Vox Sang 2006, 91:309-315.

14.  Cai K, Gierman TM, Hotta J, Stenland CJ, Lee DC, Pifat DY, Petteway SR Jr:
Ensuring the biologic safety of plasma-derived therapeutic proteins:
detection, inactivation, and removal of pathogens. BioDrugs 2005,
19:79-96.

15. Beatty K Bieth J, Travis J: Kinetics of association of serine proteinases
with native and oxidized alpha-1-proteinase inhibitor and alpha-1-
antichymotrypsin. J Biol Chem 1980, 255:3931-3934.

16.  US Department of Health and Human Services. Food and Drug
Administration. Center for Drug Evaluation and Research (CDER).
Guidance for Industry: Statistical Approaches to Establishing Bioequivalence
2001 [http//www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatorylnformation/Guidances/ucm070244.pdf],
Accessed May 2010.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1472-6904/10/13/prepub

doi:10.1186/1472-6904-10-13

Cite this article as: Stocks et al: Pharmacokinetic comparability of
Prolastin®-C to Prolastin® in alpha;-antitrypsin deficiency: a randomized
study. BMC Clinical Pharmacology 2010 10:13.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BiolMed Central



http://www.ncbi.nlm.nih.gov/pubmed/14654440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14654440?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18187064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18187064?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18565211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18565211?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11243951?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11243951?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11243951?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19811373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19811373?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9551749?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9551749?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9551749?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9551749?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12740257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12740257?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16373188?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16373188?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17105606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17105606?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15807628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15807628?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6989830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6989830?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/6989830?dopt=Abstract
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm070244.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm070244.pdf
http://www.biomedcentral.com/1472-6904/10/13/prepub

	Abstract
	Background
	Methods
	Results
	Conclusion
	Trial Registration

	Background
	Methods
	Subjects
	Study design
	Blood sampling
	Pharmacokinetic parameters
	Safety profile
	Statistical methods

	Results
	Subject disposition and baseline characteristics
	Pharmacokinetic evaluation
	Primary end point for pharmacokinetic comparability
	Other pharmacokinetic parameters
	Pharmacokinetic parameters by content assay

	Safety results
	Treatment exposure
	Adverse events
	Viral testing
	Other safety data


	Discussion
	Conclusion
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References
	Pre-publication history

