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1 EXECUTIVE SUMMARY

Background

GTC Biotherapeutics, Inc. has developed recombinant human antithrombin (rhA T,
Antithrombin ni (recombinant), antithrombin alfa, ATryn~, produced in the milk of
transgenic goats, for use in patients with hereditary antithrombin deficiency (HD). The
international nonproprietary name and the United States Adopted Name for this recombinant
protein is antithrombin alfa and the product name for the Fonnulated dosage form is ATryn.
Antithrombin II (recombinant) is a highly purified, well characterized recombinant
glycoprotein consisting of 432 amino acids, 3 disulphide bridges between cysteine residues
and 4-N linked glycosylation sites, identical to human plasma-derived antithrombin.

In August 2006, ATryn was approved by the European Commission for the treatment of
surgical patients with hereditary antithrombin deficiency to prevent venous thromboembolic
events. Working closely and in collaboration with the Center for Biologics Evaluation and
Research (CBER) and the Offce of Orphan Products Development of the U.S. Food and
Drug Administration (FDA), ATryn has been designated I) an orphan drug for the treatment
of hereditary antithrombin deficient patients and 2) as a drug for Fast Track development.
The Biologic License Application (BLA) that is under review by CBER was submilted as a
rolling application and has been granted Priority Review by CBER.

Transgenic Production of ATryn

Recombinani human antithrombin is produced in the milk of transgenic goats. For expression
of ThAT, the DNA construct contained a goat beta casein promoter with the cDNA coding
region for human antithrombin (hAT). The DNA conslruct was microinjected into fertilized
one-cell goat embryos, which were transFerred to female recipients. Kids born from the
recipients were tested for presence of the tTansgene and expression of the human protein. A
founder transgenic goat was selected from which subsequent offspring were generated by
natural breeding to give rise to a production herd of hAT transgenic goats, which are milked
to provide the source material for downstream purification of the rhA T. The rhAT is isolated
from the goats' milk and conventionally purified using: tangential flow filtration, heparin
affnity chromatography, viral removal filtration, anion exchange chromatography and
hydrophobic interaction chromatography. A combination of validation ofihe impurity-
removal capacity oflhe antithrombin alfa manufacturing process and the use ofimpuriiy-
detecting assays is utilized to ensure purity of ATryn. The formulated drug substance is
shipped for rill-finish where it is aseptically filled into 20 mL vials, lyophilized and subjected
lo terminal dry heat treatment for viral inactivation. The final product, ATrynlI, is a sterile
lyophilized powder for solution for infusion.

Overview of Adventitious Agents Risk Assessment for ATryn

A variety of general adventitious agent risk minimization measures have been implemented
for initial selection of the GTC Farm siie, sourcing of goats from the United Slates and New
Zealand and maintenance of the biosecurity of the goat herd and their environment. The risk
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from viral, prion (scrapie) and other adventitious agents was evaluated at the level of the goat
(the bioreactor), the milk (the bioreactor harvest) and the removai/inactivation capacity of the
manufacturing process. The hAT goats are part ofa closed USDA certified scrapie-free,
specific pathogen-free goat herd, are tested for a subset of viruses and are monitored for
scrapie, the prion disease of goats. The source material is screened for adventitious viruses by
in vitro cell line screening on four cell types. The two filtration steps and the three
chromatographic steps in the purification process have been validated to remove scrapie and
several viruses that model many of the common goat viruses. The column cleaning solutions,
new and recycled TPF membranes and resins, and the heat inactivation step were also
evaluated for their viral removal and inactivation capacities. Data supporting validated
removal of potential adventitious viral contamination and prion/scrapie substantiate that
A Tryn is safe for human use.

Medical Condition to be Treated

Hereditary antithrombin deficiency is an autosomal dominant disorder characterized by a
reduction in plasma antithrombin activity. It is an orphan medical condition in the US. The
majority of affected individuals are heterozygotes. Antithrombin activity levels are usually
between 40 and 50% of normal in these individuals. Hereditary AT deficiency causes a life-
long increased risk of venous thromboembolism and up to 70% of cases do develop a venous
thromboembolic event (VTE) during their Jives. Failure to properly treat hereditary AT
deficient patients, especially during high risk situations such as surgery or trauma or for
pregnant women, during the peri-partum period, may result in VTE that may potentially lead
to death due to life-threatening pulmonary emboli or may have other life-long sequelae. Deep
venous thrombosis (DVT) of lower limbs and pulmonary embolism are the most common
thromboembolic events reported in this population.

AT concentrate is used for the prophylaxis orthe occurrence of venous thromboembolisms in
hereditary AT deficient patients in high risk situations, e.g. surgery or delivery, known to be
associated with the occurrence of such events. The target is to restore plasma AT activity
levels in order to cover the period during which chronic anticoagulation often needs to be
interrupted and ensure that the current thromboprophylaxis is elTective. In addition, if a VTE
does occur, AT concentrate can be used to support the anticoagulative therapy, which is
dependent on suffcient AT activity levels.

ATryn Pivotal Trials

Per agreement with FDA, a comparative, historical control, international, multi-center study
was performed in patients with HD who had undergone an elective procedure that placed
them at high risk for the occurrence of a thromboembolic event, during which they were
treated prophylactically with an intravenous administration of plasma AT (historical cohort
in study GTC AT HD-R 0 i 3-04) or ATryn (GTC AT II 0 I 002 and GTC AT HD 012-04).
The incidence of thromboembolic events during treatment or up to 7 days post-treatment was
compared. Patient populations in the historical study were matched as much as possible with
those treated with ATryn.
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Other Clinical Studies

ATryn also has been studied in clinical trials including patients with heparin resistance (H).
HR is defined as an inadequate response to heparin in patients undergoing cardiopulmonary
bypass (CPB). Among risk factors for developing HR during CPB, decreased AT levels
(acquired AT deficiency) present the greatest risk. However, HR is not being pursued as aD
indication in this BLA fiing.

ATryn Dose

For treatment ofHD, dosing with ATryn is initiated by a 15 minute loading infusion,
immediately followed by a continuous infusion. Treatment is aimed at restoring AT activity
to nonnal (with a range from 80 to 120%). Dosing for both prophylaxis and treatment are the
same taking into account the type of patient (pregnant or non~pregnant surgical), baseline AT
activity and body weight. Therapeutic drug monitoring is applied to maintain patients within
the target range during the treatment period.

Effcacy: HD Trials

No plasma AT-treated patient experienced a thromboembolic event. Only i (3.2%) of the 31

patients in the ATryn treatment group experienced a confinncd thromboembolic event (acute
DVT) and no patient cxperienced a confirmed thromboembolic event other than acute DVT.
The non-inferiority of ATryn as compared to plasma AT treatment was therefore established
and supports the effcacy of ATryn for the claimed indication.

The single patient from the GTC AT II 01002 study who had an acute DVT during treatment
with ATryn was the only one who was treated accordingly by continuation of ATryn
treatment together with low molecular weight heparin and Vitamin K antagonists. The
patient remained asymptomatic and the event eventually resolved. It is likely that this patient
who had a hip replacement procedure, which has a high risk of development of thrombosis,
even without thrombophilia, represents the portion of thromboses normally seen in other
studies with joint replacement surgery.

The analysis of 5 HD patients treated on 6 occasions in a compassionate use program with
ATryn, further support the effcacy of ATryn. Although not treated by continuous infusion,
multiple daily infusions were able to prevent the occurrence of any VTE.

Safety

The sarety database for ATryn contains data on 235 subjects/patients that have been exposed
to ATryn on aileast one occasion. Additionally, data are available on 38 orthesc
subjects/patients who have been exposed on two separate occasions to ATryn.

The type of adverse events reported in the clinical studies with ATryn reflects events often
associated with surgery and delivery. Moreover, the combined use of AT and heparin (either
unfractionated or low molecular weight heparin) during and just after surgery and delivery
increases the risks of hemorrhagic complications. Among the reported events assessed related
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to ATryn are also hemorrhagic events of different kinds. The rate seems in line with what can
be expected in the populations studied.

Other minor events reported are infusion site reactions, and some other events generally seen
in clinical trials, like headache, erythema, dizziness, etc. In general, it can be concluded that
ATryn was well tolerated.

Assays have been developed and used for detecting any antibodies to antithrombin alfa or
potentially contaminating goat milk proteins, including goat AT. No confirmed specific
immune reaction to any of the components of ATryn has been detected during the clinical
development.

Considering the infrequency with which patients may require treatment with ATryn on more
than one occasion and given the relatively limited number of patients who have already been
exposed to ATryn in clinical trials, the only way to gather additional clinical data assessing
the immunogenic potential of ATryn, especially in those patients requiring re-exposure to
ATryn, is in a post-marketing setting. The Applicant plans to conduct a post-marketing
immunosurveil1ance study.

Unmet Medical Need

The need for a non-plasma derived alternative to the AT concenlrates currently available is
based upon patient preference as well as a concern, however small or large, about the
potential risk of transmission of infectious agents, such as viruses and prions, from pools of
human plasma. ATryn does not carr the risk of transmission of viruses derived from human
plasma. The robust ATryniX manufacturing process has been extensively validated to
demonstrate the removal/inactivation of potential viruses, as well as prions even though the
herd of goats from which antithrombin alfa is derived, has been and remains a closed,
certified scrapie-free and specific-pathogen-free herd, i.e. a strictly controlled source.

Finally, while it is presently claimed that Thrombate ~i00 is available in the U.S. marketplace,
this has not always been the case (as proven by the compassionate use program that existed
for ATryn when Thrombate miX was not available) and there is no guarantee that this product
will be readily available in the future. GTC Biotherapeutics, Inc. has established through the
use of recombinant DNA technology a dedicated, -steady and reliable source of recombinant
human antithrombin, which may be made available unrestricted to physicians, pharmacists
and distributors alike. Greater certainty around the continuous availability of product in the
marketplace fulfills an unmet medical need.

Conclusion

On the basis of the development activities and data generated over the last 16 years, the
Applicant maintains that ATryn has been shown to be safe and effcacious. As such, ATryn
should be recommended for licensure for the treatment of a rare plasma protein disorder to
prevent serious and potentially life-threatening venous thromboembolic events.
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AAALAC Int.

ACT
AE

APHIS

aPT
Arg
Asn

AT
AVC

BLA
BSE

BVD
CABG

CAE
CAEV

CBER

CD

CGMP
CHO

CI

cm
CI

Cmm;

CPB

CT

CVM

DNA

DVT
EDTA

ELISA

EMEA

FDA

FFP

FPFV

List of Abbreviations

Association for Assessment and Accreditation of Laboratory
Animal Care International

activated clotting time

adverse events

Animal and Plant Health Inspection Service

activated partial thromboplastin time

arginine

asparagine

antithrombin or antithrombin II

area under the curve

Biologic License Application

bovine spongiform encephalopathy
bovine viral diarrhea

coronary artery bypass grafting

caprinc arthritis encephalitis

caprine arthritis encephalitis virus

Center for Biologics Evaluation and Research, FDA
circular dichroism

colloidal goat milk proteins

Chinese hamster ovary cells
confidence interval

Creutzfeldt Jakob Disease

clearance

maximum concentration obtained

cardiopulmonary bypass

computed tomography

Center for Veterinary Medicine, FDA

deoxyribonucleic acid

deep vein thrombosis

ethylencdiaminetetraaceiic acid

enzyme linked immunosorbent assay

European Medicines Agency

Food and Drug Administration

fresh frozen plasma

first patient, first visit
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GTC

hAT

HD

HDR

HIC

HIT

HIV

hpAT

HR
HTST

HUVEC

mcp
IN
IU

iv
LMWH

LPLV

LPS

MI

MNC

MRT

goat antithrombin

GTC Biotherapeutics, Inc.

human antithrombin

hereditary deficiency of antithrombin

heparin dose response

hydrophobic interaction column

heparin induced thrombocytopenia

human immunodeficiency virus

human plasma derived antithrombin

heparin resistance

high temperature short time

human umbilical vein endothelial cells

immunological detection of contaminating proteins

international nonnalized ratio

international units

intravenous

low molecular weight heparin

last patient, last visit
Lipopolysaccharide, endotoxin

micro injection

mononuclear cells

mean residence time

number

not applicable

number

no observed adverse event level

New Zealand

phanTacokinetics
patients

recombinant human antithrombin,
antithrombin II, recombinant,

antithrombin alfa

standard deviation

serine

soluble goat milk proteins

Standard Operating Procedures

speci fic pathogen free

n

NA orN/A
No.

NOAEL

NZ

PK

PIs

rhAT

SD

Ser

SGMP

SOP

SPF
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tin

TB

TDM
TFF

UFH

UK

US

USDA

UV

VSFCP

VTE

y

half-life

tuberculosis
therapeutic drug monitoring

tangential flow filtration

unfractionated heparin

United Kingdom

United States
United States Department of Agriculture

ultraviolet
Voluntary Scrapie Flock Certification Program

venous thromboembolism

year(s)

Note! The approved INN and USAN name for the product is antithrombin alfa, the trade
name is ATrynOO and the FDA requested name is Antithrombin JJ (Recombinant). Therefore, .
in this document, the names interchangeably used for the active ingredient will be
recombinant human antithrombin (rhAT), antithrombin II (recombinant) and antithrombin
alfa.

Pagc i i



Briefing Document
Blood Products AdYisory Committee
ATrynli (Antithombin II (RecombinanIJ) for Injection

GTe 8iolherapeulics, Inc.
03 Dccember 2008

2 INTRODUCTION

If granted product licensure in the United States, antithrombin II (Recombinant), also known
by the tradename ATrynoo. will be the first recombinant DNA-derived product made available
to the public in more than 20 years that is produced by an innovative and novel production
process which utilizes transgenic animals for the site-directed expression of a human plasma
protein. The production processes developed by GTC Biotherapeutics, Inc. enables it to
economically produce recombinant human antithrombin (rhAT) in unlimited and
unconstrained quantities to serve the needs of physicians and patients on a global basis.
While others have attempted to produce recombinant human antithrombin by way of other
expression systems, such as in Chinese hamster ovary cells, they have not been successful in
developing an economically viable production process.

In August 2006, ATryn was approved by the European Commission for the treatment of
surgical patients with hereditary antithrombin deficiency to prevent venous thromboembolic
events. Working closely and in collaboration with the Center for Biologics Evaluation and
Research (CBER) and the Offce of Orphan Products Development of the U.S. Food and
Drug Administration (FDA), ATryn has been designated 1) an orphan drug for the treatment
of hereditary antithrombin deficient patients and 2) as a drug for Fast Track development.
The Biologic License Application (BLA) that is under review by CBER was submitted as a
rolling application and has been granted Priority Review by CBER.

GTC Biotherapeutics, Inc. is also collaborating with the FDA's Center for Veterinary
Medicine (CVM) in response to their recently issued draft Guidance on Regulation of
Genetically Engincered Animals. Personnel from GTC have met with CVM in Rockville and,
at GTC's invitation, personnel from CVM have visited the GTC Farm to observe its
operations.

2.1 Recombinant Human Antithrombin

Antithrombin (AT) is a serine protease inhibitor, which is ihe principal inhibitor of the blood
coagulation serine proteases, thrombin and Factor Xa, and to a lesser extent, Factors IXa,
Xla, XIIa, trypsin, plasmin, and kallikrein and it also has anti-inflammatory properties.
Antithrombin neutralizes the activity of thrombin, as wcll as, other serine proteases by
forming a I: i stoichiometric complex between enzyme and inhibitor. Binding of heparin to
AT results in a conformational change and a;: 1,000 fold increase in thrombin inhibitory
activity. Two isoforms of human plasma-derived AT (hpAT) have been identified, which
differ in thcir aflnity for heparin. The high amnity ß-isoform (5-15% of total circulating AT)
lacks glycosylation at Asn 135, while the low affnity a-isoform is glycosylated at this site.

Human plasma AT, which is synthesized in the liver, is present in serum at levels of
12.5 mgldL. It has a molecular weight of approximately 58,000 daltons, contains 432 amino
acids and has a carbohydrate content of about 15%. The protein has three disulphide bridges
connecting Cys8-128, Cys21 -95, and Cys247-430 and four carbohydrate side chains located
at Asn96, I\sn 135, Asnl55 and Asn i 92. The type or oligosaccharide found on the plasma
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derived AT is consistent on all four sites and is comprised mainly of fully sialylated, non-
fucosylated, biantennar complex oligosaccharides.

The only antithrombin that is currently commercially available in the US is derived from
pooled human plasma (Thrombate moo, hpAT). To date, all attempts to produce AT using
recombinant technologies in mammalian cell culture have been commercially unviable.
Expression in other recombinant systems (e.g. pichia and insect cells) has produced product
lacking glycosylation profies essential for some of the normal pleiotropic properties of AT.

ATrynOO is a nanofiltcred sterile, tenninally heat-treated, lyophilized product with

recombinant human antithrombin IJ as active ingredient. Each vial of ATryn contains 1750
international units of recombinant human antithrombin (250 mg). The product is formulated
with 26 mg sodium citrate, 79 mg sodium chloride and 100 mg glycine in each viaL.
Following reconstitution, the solution may be further diluted into 0.9 % sodium chloride for
injection. ATryn is indicated for the prevention of peri-operative and peri-partm
thromboembolic events, as well as the treatment of such events, in hereditary antithrombin
deficient patients.

Deficiency of antithrombin leads to hypercoagulability, potentially resulting in thromboses in
the veins of the extrcmities, as well as in the mesenteric, renal, hepatic and portal veins and
vena cava (1). Hereditary AT deficiency (HD) is an orphan autosomal dominant disorder
characterized by either a reduction in antithrombin (Type 1) or the presence of a
dysfunctional form (Type H) together with a functional form (except for some rare
homozygous Type II patients). Hereditary AT deficiency causes a life-long increased risk of
venous thromboembolism (VTE) and up to 70% of cases do develop a VTE during their lives
(2-5). Often these are recurrent and may be life-threatening (6).The aim of treatment with

ATryn is to restore and maintain peri-operative and peri-partum functional antithrombin
activity levels in HD patients between 80 - 120% (0.8 - 1.2 IU/mL) of normal to reduce the
risk of thromboembolic events, as well as, for treatment of such events.

3 THE APPLICANT

GTC Bioiherapeutics, Inc. (GTC) is a US biotechnology business with corporate
headquarters located in Framingham, MA. GTe is rccognized as the world's leader in
producing and developing recombinant proteins in transgenic animals including rabbits,
goats, pigs and cows. GTC's near-term core focus is on the development of human plasma
proteins for the treatment ofrare plasma-protein disorders. In addition to ATryn, GTC is
actively developing recombinant versions of human Factors VIla, VII and ix and alpha-I
protcinase inhibitor.

GTC Biotherapeutics, Inc. has entered into an agreement with Ovation Pharmaceuticals, Inc.
whereby Ovation will market and distribute ATryn in the United States. ATryn is already
approved and commercially available in Europe.
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4 THE TRANSGENIC PRODUCTION PLATFORM

4.1 Introduction

GTC Biotherapeutics, Inc. has been at the forefront of development of the transgenic animal
production platform beginning its work in multiple species in the 1980s. Initial development
work was performed using DNA constructs employing various promoters directing
expression of the desired human protein in the mammar gland. In addition, initial
development activities employed microinjection techniques to insert the DNA into the
nucleus of a fertilized one~ceii embryo, which was cultured and subsequently transferred into
a recipient. For expression of recombinant human antithrombin, the DNA construct
contained a goat beta casein promoter with the cDNA coding region For human antithrombin

(hAT). The DNA construct was microinjected into fertilized one-cell goat embryos, which
were transFerred to female recipients. Kids born from the recipients were tested for presence
of the transgene and expression of the human protein. A founder transgenic goat was selected
from which subsequent offspring were generated by natural breeding to give rise to a
production herd of hAT transgenic goats.

The following sections provide background infonnation and more detailed informalion about
the transgenic production platform developed and utilized by GTC Biotherapeutics, Inc. for
the production of recombinant human antithrombin.

4.2 History of Transgenic Production

A transgenic animal is one whose genome has been modified by the incorporation of
exogenous DNA, which has becn stably integrated. In 1974, the first transgenic animals were
mice produced by Rudolf Jacnisch, who successfully inserted foreign DNA into early-stage
mouse embryos. Subsequent experiments, injecting leukemia genes into early mouse
embryos using a retrovirus vector, proved that the exogenous DNA integrated not only to the
mice themselves, but was also transmitted to their progeny_ This was followed in 1980 with
the production of the firsi transgenic mice by microinjection of a transgene into the
pronucleus ofa fertilized mouse egg by J.W.Gordon and colleagues. By the late 1980s,the
first transgenic dairy and rarm animals had been produced (sheep, goat, cow and pig). The
1990s brought the promise of human therapeutic proteins produced in the milk oflransgenic
animals into a commercial reality.

ATryn was the first recombinant human therapeutic protein produced from the milk of
transgenic dairy animals to enter human clinical trials in 1996. However, it was not until
2006 that ATrynok became the first transgenically produced human therapeutic product
approved by any regulatory authority (European Medicines Agency (EMEA)) anywhere in
the world.

4.3 Regulatory Oversight

The GTC Farm in Massachusells is a United Stales Department of Agriculture (USDA)-
registered research facility and the goatherd is inspected, monitored and certified scrapie-rree
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by Animal and Plant Health Inspection Service (APHIS) veterinary inspectors in the USDA
Voluntar Scrapie Flock Certification Program (VSFCP). GTC Farm also has an Animal
Welfare Assurance on fie with the National Institutes of Health Offce of Laboratory Animal
Welfare and has been inspected and accredited since 1997 by the Association for Assessment
and Accreditation of Laboratory Animal Care International (AAALAC Int.). As mandated
under the Animal Welfare Act, all animal activities and related husbandry, facilities and
veterinary care are overseen by GTC's Institutional Animal Care and Use Committee.
Additionally, GTC Farm activities related to transgenic production have been inspected by
reprcsentatives of the Center for Veterinary Medicinc (CVM) of the FDA.

Activities related to transgenic production of recombinant human antithrombin have been
inspected by represcntatives of the Center for Biologics Evaluation and Research, which has
the ultimate regulatory oversight of activities leading to production of the medicinal product.

4.4 Transgenic Goats for Production of Recombinant Human

Antithrombin

Recombinant human antithrombin is produced in the milk from qualified female dairy goats
with the hAT transgene stably integrated into their genome. The transgene carries the genetic
information directing the expression of recombinant human antithrombin in the milk
secretory (epithelial) cells of the mammary gland. The milk secreting tissues are "turned on"
during late pregnancy and milk secretion begins at parturition and continues as long as the
milk (containing the rhAT) is removed daily from the mammary gland.

4.4.1 Selection of the Species

The selection of the production species for transgenic expression ofa human therapeutic
protein is largely driven by the expected quantity of the therapeutic protein required.
Although GTC has produced transgenic mice, rabbits, goats and cows, the dairy goat was
chosen as thc species for expression of human antithrombin in its milk (Figure i) because:

the goat had a moderate time-frame from microinjection (MI) of the fertilized embryo
to first milk from trnnsgenic founders (16-18 months) due to its shorter gcstalion and
maturntion periods compared to the 10-fold highcr milk-producing cow
it produced a commercially reasonable amount of milk (600-800 L in approximately
300 days) lo use as source material for recombinant protein isolation
it usually produced multiple offspring (2-3) For more rapid herd expansion
additionally, unlike the sheep, the dairy infrastructure and equipment were well
established in the United States for the goat.
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Animal Considerations
Animal Gestatc Mature Ompring Yield Monihs from MJ

(monilis) (montbs) (numbcr) (lactation) to Milk

r .75 1 10 l.5mL 3-6~ 1 6 8 1 - 1.5L 7-8

~ 4 8 9 200-400L 15- 1 6

~ 5 6 2 200-400L 16-18

~ 5 6 2 600-800L 16-18

fi 9 15 1 ca.8000L 30-33

Figure 1. Considerations for Species Selection

The first transgenic goats produced by GTC between 1986 and i 994, including the male
founder goat for the human antithrombin herd, were made using dairy goats sourced from
New England and New York. However, the notoriety and concern generated by the mad cow
disease (bovine spongiform encephalopathy-BSE) epidemic in England, led GTC to import
dairy goats from New Zealand (NZ) to quell any perception of an increased scrapie risk in
US domestic goats (although at that time only 5 US goats had ever been diagnosed with the
transmissible spongifonn encephalopathy of goats and sheep, scrapie). NZ is a country
internationally recognized for its excellent animal health. In addition, in the i 950s NZ had
eradicated scrapie from its sheep flocks and it was accepted by world-wide animal health
authorities as being free ofscrapic in goats and sheep and BSE in cattle. Therefore, after the
appropriate quarantine in New Zealand and the US, GTC imported three shipments ofheallh
pre-screened NZ goats onto its dedicated farm site from 1994 to 1998. In 1998, the herd was
closed to further importations from New Zealand to preserve the high health standards and
specific pathogen-free status achieved in this closed herd.

At each importation, the goats from New Zealand were immediately entered into the USDA
Voluntary Scrapie Flock Certification Program and due to their New Zealand origin were
awarded certified scrapie-free status upon their entry into the us. In 1994, GTC also closed
the domestic herd, which was located at a diITerent farm site, and entered these goats into the
VSFCP. In 1999, the closed domestic herd was awarded certified scrapie-free status after 5
years in the program and was then combined with the closed New Zealand herd in 2000.
Thus, was formed the current closed certified scrapie-free and specific pathogen-free GTC
goat herd, which includes the transgenic animals producing recombinant human antithrombin
in their milk.
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4.4.2 Closed Specific Pathogen-free Herd

GTC has developed a controlled and well-characterized herd of specific pathogen-free (SPF)
goats at its farm site. This site was completely closed to any further live goat introductions in
2000 and since its establishment has been under a strict disease surveillance program. Testing
is done on individual animals and/or the entire herd throughout the year dictated by pre-
determined schedules. The specific disease pathogens for which the goats are routinely tested
are listed in Table i.

Table 1. Specific Pathogen-Free Herd

Disease Causative Agent Status of GTC Herd
Caprine Arthritis

Retrovirus Herd is documented free of diseaseEncephalitis (CAE.)
Caprine Herpes CapHV-I Virus Herd is documented free of disease
Contagious Ecthyma

Parapox Virus Herd is documented free of disease
(Orf)
Bovine Viral Diarrhea

Pestivirus Herd is documented free of disease
(BVD)

Johne's Disease Mycobacterium aviiim,

(Paratuberculosis)
subsp Herd is documented free of disease

paratuberculosis

Brucellosis Brucella spp.
Massachusetts is free of disease and
herd is documented free of disease

Tuberculosis (TB) Mycobacterium Massachusetts is free of disease and
tuberculosis herd is documented free of disease

Neospora Neospora caniniim Herd is documented free of disease

4.4.3 Housing of Goats

Acquisition of the farm site was governed by a series of strict selection criteria:

No occupalion by bovine species for aileast five years prior to purchase to reduce the
risk from environmental pathogens.
No evidence of occupation by sheep or goats to minimize the risk from scrapie or
other species-specific pathogens
Suitability of the terrain for agriculwral operations
No activilies on abutting properties thai would pose herd safety or hcalth concerns
No significant environmental risks on or close lo the propert
Water that meets National Primary Drinking Water Standards

Once the site was selectcd and purchased by GTe, the construction of animal housing was
designed to address animal comfori, effciency of logistical operaiions, and to comply with
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animal care and welfare regulations for animal spaces. Additionally, the potential impact of
seasonal extremes and weather conditions on goat health and welfare were taken into
consideration in the design of the buildings.

For the vast majority of animal housing located on site, a state oflhe art, dry lot design,
center alley, large animal barn design, with internal penning and adjoining external paddock
access for all goats was chosen. The surface materials are designed to withstand cleaning
with detergents, disinfectants and high-pressure water. Passive ventilation is provided
through screened ventilation curtains, and active ventilation in some buildings. Doors are
located in the pens that permit goats to enter fenced outdoor paddocks that are surfaced with
gravel and stone dust. Goats are allowed free access to these outside paddock area unless
inclement weather dictates internal housing. No free-range pasluring is allowed for any goats.
Lastly, there is a double fence system utilzed at the site. Internal fencing maintains each
group of animals within the adjoining paddocks aUached to each barn, while the external
fencing system encompasses the entire campus of buildings. Access to this site is highly
restricted with both physical and electronic access restrictions in place.

4.4.4 Vaccination of Goats

All animals within the GTe herd arc on a regular vaccination schedule based on known
diseases to be found in the New England area. No live or modified-live vaccines are used
within the goat herd. Rabies, tetanus, and Clostridium C and D vaccinations are administered
semiannually or annually. A separate vaccination schedule is implemented for pregnant does
and kids to provide additional protection for these specific groups of animals.

4.4.5 Animal Feeds

To ensure freedom from scrapie, only feeds that are specialty formulated to be free of
ruminant protein (1994) and ruminant fat (1995) are fed to the goats. The daily dietary ration
for all adult goais is comprised of hay, pelleted concentrate, and I race mineral salt licks.
Goats receive a nutritionally balanced ration with respect to the goat's age, size, and
condition. All feeds are stored in facilities that protcct them from the elements/weather and
that inhibit access by poiential pest species.

Hay is predominantly procured throughout the Noriheastern USA and Southeastern Canada
from contracted suppliers, including the GTC Farm. Representative samples are taken from
each lot of hay to assess general quality, (e.g., presence of mold, dampness, otT-color). All
hay is tested For and approved based upon nutritional and mineral content. Testing for
herbicides, pesticides, and aflatoxins is perFormed on a regular basis.

Mineral profile testing is perfonned to moniior that mineral levels are not significantly
outside ofthc recommendations of the Subcommittee on Mineral Toxicity in Animals
Committee on Animal Nuirilion, Board of Agriculture's and Renewable Resources,
Committee on Natural Resources, National Research CounciL. Based on the nutritional and
mineral analyses, the hay is dislributed to appropriate subpopulation groups within the farm.
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All feed testing results are reviewed by a GTe Herd Veterinarian to ensure that it meets the
nutritional requirements of the animals.

Testing is performed on hay and grain for pesticides and herbicides. Testing for af1atoxins is
also performed on hay and grain. Lots that exceed action levels for pesticides, herbicides and
aflatoxins in animal feed are rejected.

Bales of hay are stored in designated areas and facilities designed to restrict access by
unauthorized personnel and inhibit access by pest species. Prior to feed out, hay bales are
also visually inspected for gross contamination, such as mold or dampness. If any hay is
found to be unacceptable at time of feeding, it is rejected and subsequently discarded.

At a minimum, two types of commercially prepared pelleted feed, referred to as concentrate
and kid starer, are fed to the goats. Pelleted feeds are specially formulated to be free of
animal fats and animal proteins. The concentrate is a pelleted formulation of com, grains, and
plant by-products commercially prepared by an approved feed manufacturer. Kid slarter is a
medicated concentrate containing decoquinate to prevent coccidiosis, an internal parasite
known to negatively impact young goats. Concentrate is supplied to individual goats based
on their dietary requirements.

All pelleted feed is analyzed for nutritional and mineral content. Pelleted feeds are routinely
tested For residual pesiicides, herbicides, and aflatoxins. Pelleted feed that exceeds lhe
tolerances specified For pesticides and aflatoxin is rejected.

Commercial trace mineral salt blocks are also offered to all goats ad libiiiiii. The raw
ingredients used to make the blocks do not contain animal or animal-derivcd by-products.

Newborn kids are fed heat-treated colostrum during the first 24 hours of life. Colostrum is
collected from non-transgenic GTC goats ihen heat-treated to reduce the microbiological
load before feeding to the kids. After thc firsl24 hours, kids are fed pasteurized milk from
GTC goats.

Goats have free access to water. The water is supplied from wells located on the propert.
The water supply is regisiered with the Massachusetts Department of Environmental
Protection and is tested to ensure compliance with the National Primary Drinking Waler
Regulations 'and Massachusetts Primary Drinking Water Siandards. Monitoring includes
testing for coliforms, inorganic chemicals, sodium, copper and lead at point of usc, synthetic
organic chemicals, volatile organic compounds, radio nucleotides, and secondary
contaminants.

4.4.6 Viruses of the Goat

During the 22 year development history of transgenic goats at GTC, consideration has been
given to minimization orthe risk of viral/other pathogen infection orthe goatherd. A series of
risk asscssment, risk minimization, and expert consultations have been undertaken including:
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. Expert small ruminant and virology panels

. Internal viral task force

. Consultations with outside experts on specific viruses and disease pathogens and their

testing and eradication procedures

. Viral risk assessments updated periodically particularly for consideration of emerging

viruses

. Comprehensive viral risk evaluation of the ATryn manufacluring process (from goat
to final product) by an outside expert.

As a result of these assessments and subsequent actions, the specific pathogen free goatherd
described above was established and the testing paradigms for goats and their milk were
developed.

4.4.6.1 Eradication of Specific Viruses from the Herd

During the development and implementation of the current viral testing strategy, two specific
viruses were detected in a small percentage of animals within the overall GTC herd of goats.
However, neilher ofthcse viruses was round to be present in the hAT herd.

The two viruses that were found in the general goat herd were CAEV and CapHV-I. GTC
worked wilh experts for ihese viruses to develop and implement an eradication program.
These programs were remarkably successful and not only eliminaLed the respective virus
from the entire herd but also assured continued freedom through repeated herd wide
surveillance.

4.4.7 Site Directed Expression of Human Protein in Mammary Gland - Gene
Construct

Different milk proteins are expressed at differenilevels in milk (Table 2). The goat beta
casein promoter was selected to drive transgene production in the milk of goats due to its
strength or expression in the mammary gland. The beta casein is expressed in both a tissue
specific Ilnd temporal fashion affording it the unique capability for expressing the gene
product in the mammiiry gland only and specifically only during lactation.
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Table 2. Expression of Major Proteins in Milk

Milk Protein Expression in Milk
bovine alpha casein IOmglmL
bovine alpha lactalbumin I mglmL
goat beta casein 16 mg/mL

sheep lactoglobulin 3 mglmL
whey acid protein 2mg/mL

The transgene incorporated into the founder hAT goats contains both goat and human DNA
sequences (Figure 2). The transgene is comprised of the 5' and 3' genomic goat beta casein
sequences devoid of the coding sequences for goat beta casein. In its place, the human AT
cDNA coding sequence was inserted, thereby creating the transgene or construct.

- Goat beta cain
i; AT cDNA

2Kb

,
r

,

.., .. Ex7 59..
Figure 2. Human Antithrombin Transgene (7)

4.4.8 Production of Transgenic Founder Goats

The transgenic technology used for rhAT production utilized in vitro microinjection to
introduce the hAT transgene into the geneiic material of a fertilized goat egg or early stage
embryo (Figure 3). After the exogenous DNA was introduced, the modified embryo was
transferred to a recipient female. When the new genetic information (the transgene)
successfully incorporated into the genetic material of the embryo, the goat, when mature,
expressed human antithrombin in its milk. Once established in the founder transgenic animal,
a male, the transgene was transmitted, as any other geneiic trait, to subsequent gencraiions
through tradiiional breeding with either non-transgenic or other transgenic goats.
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Figure 3. Making a hAT Transgenic Goat

4.4.9 Selection of Founder

The microinjection program generated 70 offspring of which only five were identified as
potential founder transgenic goats. These five founder animals were subsequently thoroughly
screened genetically 10 Fully characterize the inserted transgene. This was done to document
the integrity of the lransgene sequence, to determine how many copies orthe transgene wcre
present, and on which chromosome(s).

Of the five potential founder goats produced, one was selected as the production founder line
based on the integrity ofthe transgene, suitable copy number, acceptable lactational
performance, and acceptable expression level ofrhAT in the milk. The founder line selected
produces rhAT at approximately 1 to 4 giL in the milk with a lactation length of at least on
average 150 days producing on average 2.0 liters per day.

4.4.10 Generalion of the Production Herd

Once the founder lransgenic hAT animal was identified, a production herd of goats was
established by naturally mating ofthc founder to female goats. Mendelian inheritance ofthe
transgene resulted in female transgenic offspring capable of producing rhAT in their milk
and transgenic males who wcre also used for breeding purposes to increase the size ofihe
herd. Herd size can be expanded as needed to fulfill production needs.
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4.4.11 Characterization of Production Herd

To produce a recombinant human therapeutic from the milk of a transgenic animal, the
production herd must be fully characterized for integrity of the transgene between animals
and between generations. GTC employs a rigorous genetic testing of all its hAT production
goats to genotypically qualify them for entry into the milking sub-group. All production
goats must have an intact transgene with the correct copy number and with no sign of genetic
rearrangement of the transgene.

In addition, phenoiypic characterization is performed on the milk to confinn expression of
the transgene (mRNA from the somatic cells in milk and rhA T levcls).

Only after passing both the genotypic and phenotypic qualification, as well as having the
appropriate health certification, is a hAT goat allowed to contribute to source material (milk)
collection.

4.4.12 Animal Health and Welfare

GTC is committed to upholding the highest standards of animal health and welfare and to
continuously improving the care of its animals. Farm procedures exceed those specified by
regulatory agencies and industry groups for the humane use and care of animals. GTC strives
to provide the best environment possible for all ofihe animals under its care.

GTC sLrictly adheres to the published guidelines regarding animal health and welfare,
including those outlined in the following documents: the Animal Welfare Act, The Guide for
the Care and U~.e of Laboratory Animal. including all amendments established by the
National Institute of Health as combined in the Public Health Service Policy on the Humane
Care and Use of Laboratory Animals, and also the Guide For (he Care and Use of
Agricultural Animals in Agricultural Research and Teaching published by the Federation of
Animal Science Socielies and accepted by the USDA-APHIS-AC and AAALAC Int. GTC
also complies with all other Federal, state and local requirements for the responsible use and
care of animals.

Additionally, a regular review of morbidity and mortality (M&M) data is performed at least
quarterly to evaluate the health status oflhe herd. The aims of this analysis are to lower
M&M within the general herd and to improve overall animal health and welfare. Several full-
time Herd Veterinarians provide 24/7 coverage year round. The vcterinarians monitor the
herd and individual animal health on a daily basis and can detect subtle changes that may be
indicative ofpotcnlial clinical or sub-clinical issues or possible advcntitious agent concerns.
Given the extensive care, monitoring and testing of the goatherd, it is a very healthy group of
goats. As evidence, for example, the levels of clinical and sub-clinical mastitis in the herd are
well below'levels seen in conventional goat dairy operations world-wide.
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4.4.13 Management of a Transgenic Production Herd

The limited numbers of goats required for production of recombinant human antithrombin to
supply the commercial market allows for employment of rigorous quality and safety
measures to manage the herd and prevent the potential ingress or transmission of pathogens
and adventitious agents. GTC's comprehensive transgenic herd management program is
based on a high level of control, good practices at the level of the fann and lhe animal, and
appropriate and thorough documentation. Each goat in the herd has a unique identification
number that is applied redundantly. A master list of all assigned numbers is maintained to
facilitate traceabilty.

Control starts at the level of the farm with Good Agricultural Practices (GAP) employed for
the majority of operations involved with maintaining the site and For caring of the animals.
This control and these practices also apply to incoming materials which at a minimum
includes all ofGTC's hay, grain, and bedding materials. Lastly, this control encompasses
monitoring, and restricting where necessary, flow of person nell visitors and vehicular traffc.

GTC's QA documentation system utilizes a number of different categories of documents to
encompass the activities that occur at the level of the farm and animal; standard farm
practices, standard veterinary practices, and other standard operating procedures and good
manufacturing practices that are aimed at defining best practice in an agriculturall
pharmaceutical setting. These documents provide the exact procedure to be followed by
trained personneL. Similar to conventional recombinant produclion systems, it is these
practices and the documentation system that allows for a highly controlled, well
characterized, and consistent product to be produced from the hAT goat herd.

4.4.14 Adventitious Agent Risk Minimization Measures for the Goat

A variety of general adventitious ageni risk minimization measures have been implemented.
Many of these measures are derived from generally accepied principles used to minimizc risk
of adventiiious agent introduction into recombinant expression systems, downstream
processing operations, and specific rccommendations for animal derived products in
regulatory guidance documents. The primary basis for such measures is the definilion of an
appropriate level of segregation and control at the level of the environment, the equipment,
the raw materials and the manufacturing process. A similar approach has been taken for
produclion ofrecombinani human antithrombin in transgenic goats.

The risk minimization started at the level of the farm with strict selection criteria for the rarm
site and the goats (domestic and NZ sourced). Following establishmcnt of the base hcrd,
closure of the herd reduced any potential for entry or adventitious agents into the herd via
outside animal introduction resuliing in the currcnt certified scrapie-rree and specific-
pathogen free goatherd. A comprehensive biosccurity program was implemented which
covers both internal and external aspects offarff operations and the overall animal care
program.
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from an external perspective, the program encompasses all personnel and visitors or service
personneVcontractors. The program addresses known wildlife that exists in the surrounding
environment and appropriate monitoring and controls to limit that population, where
possible. The biosecurity program includes an Integrated Pest Management Program that
monitors and controls incursions by birds, rodents and insects.

Internal aspects of the biosecurity program Focuses on the goat herd itself and addresses herd
closure, evaluation or raw materials provided to the goais (hay, grain, water, bedding, etc.),
and the monitoring of overall clinical health as a tool for detecting potential disease entry.

5 RECOMBINANT HUMAN ANTITHROMBIN

GTC produces recombinant human antithrombin in the milk of transgenic goats that have
been genetically engineered to express it. The rhAT is purified from the milk using
conventional purification technology and then filled, lyophilzed and finished similarly to
other recombinant biopharmaceutical products. The transgenic goat can be considered a
living production systemlbioreactor for the target protein that then utilizes conventional
downstream processing to purify the protein to an acceptable human dosage Fonn. Thus,
similar fisk factor assessments are performed for the transgenic manufacturing process as for
a bioreactor-based manufacturing process.

5.1 Transgenic Goat Milk

Milk is a nonsterile colloidal suspension of soluble whey proteins and insoluble casein
micelles and milk, fat globules. Protein makes up 3% to 4% of milk by weight or
30 to 40 giL, of which 80% are caseins in colloidal suspension (formed into micelles) and
20% are the soluble whey proieins in colloidal solution. The whey proteins include those
proteins specific to milk and to a much lesser degree those found in systemic circulatory
system (at -1/50-1/1 00 oflheir serum concentration). Recombinant human antithrombin,
which is synthesized and secreted by the mammary epithelial cells, is found in the soluble
milk whey fraction.

5.1.1 Milking the Transgenic Goats

Source material (milk) is collected from qualified hAT goats on a daily basis using
conventional dairy practices, equipmcnt, and sanitation technology. Several traditional dairy
equipment units comprise the source material collection system. SOPs directed at the entire
milking operation drive all the activities associated with rhAT source material collection.

To begin a milking scssion, goats from the hAT production milking herd are gathered
together in a holding area. Individual animal identification is verified prior to thcir entry into
the milking parlor. In the milking parlor, animal idcntification is verified again prior 10
milking. Milk from each animal is collected into a single-use bottle. The milk is weighed,
sampled, labeled and frozen for long term storage until needed for down stream purification
ofrhAT. The informaiion contained on the milk label allows the complctc traceability
backward to the individual animal and date of collection aiid forward to the final product.
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Following the completion of a milking session, all milking equipment, the milk parlor, and
milk room are cleaned appropriately to ensure that it is suitable for the next milking session.

Occasionally, a production goat is diagnosed with mastitis or another health problem that
necessitates the administration of antibiotics to the animaL. Use of drugs to treat clinical or
subclinical mastitis is based on the severity ofthe clinical presentation and their use is
recorded. Labeled withdrawal times are followed for drugs approved for use in lactating
dairy goats. When using agents approved for other lactating ruminants, the milk withdrawal
period followed is double that recommended by the manufacturer. If a production doe is
treated with antibiotics, then that doe's source material must be tested to verify the absence
of any antibiotic residue before source material collection resumes.

5.1.2 Adventiious Agent Risk Minimization Measures for the Milk

Prior to selection of the frozen bottles of milk for a manufacturing run, a composite that is
representative of the ultimate manufacturing pool is created and tested for milk composition
and adventitious agents including viruses. For the bottles of frozen milk to be released for
manufacture of a lot of ATryn, the milk pool must meet the specification limits for milk
composition and test negative for adventitious viruses.

The composite milk pool is screened for adventitious viruses using conventional, in vitro cell
line screening methodology specifically validated for use with milk. Four cell lines with a
wide range of viral sensitivities are used for in vitro screening of the milk pool. Additionally,
speci ric tests for five zoonotic viruses (Powassan virus, West Nile virus, border disease virus,
bunyavirus, and Barna disease virus) are performed utilizing an immunofluorescence assay.
In all milk pools that have been tested, adventitious viruses havc not been detected.

5.2 Purification of the rhATfrom Milk

The rhAT is isolated from the goats' milk and conventionally purified using: tangcntial flow
filtration (TFF), heparin affnity chromatography, viral removal filtration, anion exchange
chromatography and hydrophobic interaction chromatography (refer to Figure 4). The
purification process nominally produces 300 grams or purified rhAT per batch from no more
than 375 liters ofsourcc materiaL.

5.2.1 ATryn Manufacturing Process

The upstream purification process consists of shipping orthe milk to the purification site For
thawing, pooling and clarification of the milk and rhAT isolation. Thawed, pooled, milk is
diluted with cthylenediaminetelraacetic acid (EOTA) buffer, and clarificd by tangential flow
filtration (TFF) wiih a hollow fiber membrane filter (Figure 4). Milk solids and colloidal
materials are retained by the membrane. The soluble whey fraction penneate, containing the
rhAT, is cycled through a closed loop linking the filtration system to a heparin column until
:; 90% of the rhAT is captured. The hcparin column is then washed and decoupled from the
closed loop_ RhAT is eluted from the heparin column with a sodium chloride buffer and
transferred to a downstream processing and formulation area.
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Figure 4. rhAT Purification Process

Downstream processing includes filtration using a nanofilter (a viral removal step) and
subsequent purification by anion exchange chromatography and hydrophobic interaciion
chromatography (HIC) (Figure 4). Specifically, the collected heparin eluate is passed through
a viral removal filter, concentrated and diafiltered by membrane filtration to adjusL the ionic
strength, and applied to the anion exchange column. After loading, the anion exchange
column is washed and the rhAT eluted_ The anion exchange-eluate is conditioned with
citrate, applied to the methyl HIC column and the purified rhAT eluted from the media.

The I-IIC column eluate is concentrated and diafiltcred into a citrate, glycine, sodium chloride
buffer. The protein solution is adjusted lo a final conccntration of approximately 25 mglmL
and passed through a 0.2 Ilm filter inlo a pre-sterilized stainless sieel shipping container.
Upon release, formulated drug substance is shipped for fill-finish where it is aseptically filled
into 20 mL vials, lyophilized and subjected to terminal dry heatireatment for viral
inactivation. The final product, ATrynOO, is a sterile lyophilized powder for solution for
infusion.

5.2.2 Impurities (Including Viruses and Prions)

5.2.2.1 Process Validation for Removal.of Impurities

Milk is a complex, nonsterile colloidal suspension of soluble whey proteins and insoluble
casein micelles and milk fat globules. The rhAT manufaciuring process has been designed to
handle this complex mixture (see boxed text in Figure 4). Most of the insoluble solids are
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removed during the first step in the purification process, dilution with EDTA and tangential
flow filtration (TFF) through a 500 kD cut-off membrane. The insoluble materials include:
milk fat globules, casein micelles, somatic cells, and microorganisms. The next step in the
process is the heparin affnity chromatography, which binds a subset of the milk proteins and
the recombinant antithrombin. This allows most of the nonbinding materials like vitamins,
hormones, lactose, mineral salts, goat deoxyribonucleic acid (DNA), and some milk proteins
to be washed away from those proteins that bind to the heparin column. The viral nanofiter
placed between the heparin and anion exchange columns removes any particulate materials in
addition to any potential viruses or prions. The anion exchange column is excellent for
removal of lactoferrin, DNA, and some residual milk proteins. The final column, the methyl
HIe column provides baseline separation of goat and human antithrombins and removes any
last traces of potential contaminating milk proteins. The process has been validated at both
lab and commercial scales to confirm the ability of each purification unit operation to remove
these impurities, particularly the protein contaminants (Table 3).

Table 3. Cumulative Log10 Clearance of Protein Contaminants

Commercial Validation Runs
LotI

I
Lot2

I
Lot3

Assay Logio Reduction
Colloidal goat milk protein (CGMP) ;;7.2 ;;7.1 ;;7.0
Soluble goat milk protein (SGMP) ;;7.0 ;;6.9 ;;6.9
Process-specific contaminants (IDCP) 2'5.8 2'5.8 2'6.7

GoatlgG ;;5.7 ;;5.7 ;;5.7

Goat antithrombin ;;2.8 ;;3.1 ;;3.1

iDCP - immunological delection ofcontaminating protein
Ig = immunoglobulin

5.2.2.2 Analytical Determination of Impurities

The absolute purity of rhAT bulk drug substance is estimated by a combination of methods
focused on the separation ofrhAT from process- and producl-related impurities.

Potential process-related impurities include: residual host proteins (Table 4), DNA,
leached materials from chromatographic media (e.g. heparin), adventitious agents and
endotoxin.
Potential producl-related impurities include: molccular variants formed during
manufaclure and/or storage.
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Table 4. Methods to Detect Residual Goat Milk Proteins

Assay Detection

Soluble goat milk protein (SGMP) ELISA Quantitative method For whey pro/eins a-
lactalbumin, albumin, ß-Iactoglobulin

Colloidal goat milk protein (CGMP) ELISA Quantitative method for casein: a Sl-casein,
a S2-casein, ß-caseiii, K-casein

Goat IgG ELISA Quantitative method specific for goat 19G, with
some cross-reaciivity for 19A aiid 19M

Immunological detection of contaminating Quantitative method for residuallacfoferrin and
protein (IDCP) ELISA lactoperoxidase

Goat antithrombin (gAT) Westem blot Limit test for goai anlihrombin
Abbrevialions. ELISA enzme-linked immunosorbent assay, Ig immunoglobulin,

Suitable analytical methods have been developed and validated to estimate the levels of these
impurities in bulk drug substance and/or drug product and the purification process was also
validated for (he removal of many of these possible impurities. Thus, ATryn is a highly
purified product.

Like all processes for purification of human plasma-derived antithrombin (hpAT), the
recombinant antithrombin process includes a heparin affnity chromatography step.
Therefore, (he possibility of contamination of the product by heparin that has leached off the
column must be considered. Although some human AT concentrates have extremely low
heparin levels (Thrombate TIl's specification is.:0.004 V heparin/IU hpAT), there are others
in Europe with measurable heparin content. The presence ofmcasurable heparin in some of
these products may be problematic for patients who have a heparin allergy. Heparin induced
thrombotic thrombocytopenia syndrome is a highly prothrombotic immune reaction to
heparin that may result in death, limb ischemia leading to amputation, graft occlusion, and
other potentially severe thrombotic events ((8) and (9)). The drug product release
spccification for ATryn has been set as sO.OO i iv hcparin activity per iU recombinant
antithrombin. The absence of significant levels of heparin in ATrynOO was verified in vitro
and in vivo. In vi/ro, ATrynOO, in the absence of exogenously added heparin, produced no
inhibition oflhrombin or factor Xa. In the compassionate-use study, one of the ATrynOO_
treated HD patients, undergoing a hysterectomy, had a known severe allergy to heparin and
was treated successfully with ATryn~ with no allergic response (10).

Through a combination of validation orthe impurity-removal capacity ofthe antithrombin
alfa manufacturing process and the use of impurity-detecting assays, the purity of ATrynoJ is
assured. A comprehensive validation of the impurity.rcmoval capacity ofthe purification
process has demonstrated the robustness of the process and of individual unit operations that
have been engincered For removal of specific impuriiies. Additionally, through the use ofa
repenoire of assays available for quantification of both process- and product-related
impurities, product purity is asscssed on a lot~to-Iot basis.
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5.2.2.3 Validated Removal of Viruses

The results ofthe viral validation studies on the ATryn manufacturing process (Table 5)
demonstrate that significant virus reductions of~ 8.5 to ~ 25.3 logio were accomplished for 6
model viruses across the distinctly different modes of the recombinant antithrombin
production process. The values used in the cumulative summary are the worst case reduction
values for each step and each virus and thus represent the minimum viral reduction by the
ATryn process.

Table 5. Viral Clearancellnactivation by the ATryn Manufacturing Process

Pseudorabies Xcnotropic Human Porcine
Polio

Mouse
Process Step

Virus Murine Adeno- Parvo-
Virus Adeno-

Retrovirus virus virus virus
VirAlGard 500-kD ;: 5.1 ;: 3.7 ;: 5.3 1.7 4.1 3.5
Heparin HyperD 1.6 1.2 N/A 1.4 4.0 2.3
Nanofi1trntion :: 2.9 ;: 3.8 :: 6.3 3.7 ND ND
ANX-Sepharose 3.6 1.0 ;:7.1 N/A 2.4 N/A
Methyl HyperD ;: 5.6 :: 4.4 ::4.8 :: 5.7 :: 5.0 :: 2.7
Heat Treatment 2.8 ~ 5.0 1.8 2.4 ~ 1.9 ND
Total Reduction :; 21.6 :; 19.1 ;:25.3 :: 14.9 :; 17.4 :;8.5
N/A - not applicable (since thc rcductlOn was below i Jagia)

NO '" Not Dctermined

Therefore, in addition to the control measures in place at the GTC Farm and the adveniitious
viral screen employed at the milk stage, GTe has shown robust viral removal capacity in the
recombinant antithrombin manufacturing process. These data strongly support thc conclusion
ihat ATryn produced using these specific steps is safe for human use with respect to potential
adventitious viral contamination.

5.2.2.4 Validated Removal of Pri~ns/Scrapie

The cumulative scrapie removal capacity ofihe recombinant antithrombin purification
process is:: 11.3 logio reduction (Tablc 6). Although the viral filter has not been validated for
scrapie removal in this process, this filter has been reported to remove:: 2.810glo orprions
(II), which provides an additional presumpiive level of safeiy. Therefore, lhe ~ i 1.3 logJO
reduction is the minimal reduction factor ror the current manufacturing process. If one takes
into account the reported reduction by lhe viral filter, thcn 2: 14.1 logio is the minimal
reduction factor for this process.
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Table 6. Scrapie Clearance by the ATryn Manufacturing Process

Step* Unit Operation LoglO Reduction
i Tangential flow filtration 2.0
2 Affnity chromatography 2.2

4 Anion exchange chromatography :; 3.3
5 Hydrophobic interaction chromatography :: 3.8

Cumulative Reduction " 11.
.
Refer to Figure 4 for the ideniiiy/locaiion ofthe numbered steps.

Therefore, in addition to the scrapie-free certification of the goats producing the recombinant
antithrombin and the verification that all materials in the downstream manufacturing process
are free of ruminant derived ingredients, the recombinant antithrombin purification process
has also been validated for its ability to remove prions/scrapie. This validation provides an
even higher-level of safety assurance, in addition to the international acceptance of milk as
safe with respect to TSE transmission (Category iv - no detectable infectivity; Report of a
WHO Consultation on Medicinal and other Products in Relalion to Human and Animal
Transmissible Spongiform Encephalopathies).

5.2.3 Characterization of Final Product and Comparability La hpAT

Based on a detailed biochemical analysis, it was found that transgcnically produced rhAT is
comparable to clinical grade human plasma-derived AT with respect to: specific activity,
purity, amount ofaggregatcs, primary sequence, secondary and tertiary structure (Table 7).
The major difference observed between hpAT and rhAT is in the glycosylation pattern.

As a result of the glycosylaiion differences, recombinant human AT has also been shown to
have a fourfold higher affniiy for heparin than the predominant ct-isofonn of hpAT, but
similar to the less abundant hpAT ß-isoform. Human plasma AT is glycosylated with
biantennary complex structures which are predominantly disialylated at all four sites.
Transgenic rhAT also contains biantennary complex structures at Asn 96, i 35 and 192.
However, these biantennary oligosaccharides are fucosylated and are a mix of mono and
disialylatcd structures. Substitution ofN-acetylgalactosamine for galactose is also observed
on some of these complex glycans as is substitution ofN~glycolyl neu.raminic acid for N-
acetyl neuraminic acid. Human plasma AT does not contain either N~glycolyl neuraminic
acid or N-acctylgalactosamine on its oligosaccharide chains. Oligomannose and hybrid
oligosaccharides are present at Asn 155 of the rhAT. These glycosylation differences are
consistent with the species (goat vs. human) and mode of synthesis (mammary gland vs.
liver). The differences in glycosylation account for the difference observcd in heparin affinity
between hpAT and rhAT with rhA T having a higher overall heparin affnity. The increased
heparin affnity ofrhAT docs not aITect the inhibition of thrombin in thc presence of excess
heparin. These glycosylation differences are also the primary determinants of the increased
rate of clearance of the recombinant antithrombin from the circulatory compartment in both
animals and humans.
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Table 7. Comparison of hpAT to Recombinant Antithrombin
Parameter hpAT Recombinant Anlihrombin

Scrine protease inhibitor (serpin) Scrinc prolease inhibitor (serpin)
Primary Struclure Single chain of 432 amino acids Idcntical single chain of 432 amino acids

Contains the rcactive centcr Arg 393- Contains thc rcactive center
Scr 394 which provides a cleavage site Arg 393-Ser 394 which provides a
for proteinascs such as thrombin cleavage site for proteinases such as

thrombin

Low level of methionine oxidation Level of methionine oxidation comparble
(Thrombatc & Kybemin P) to Thrombate & Kybemin P

Secondary 6 cysteine residucs forming 3 disulfide Same 6 cysteine rcsidues forming 3
Slruclure bonds (Cys 2I-95, Cys 8-128, disulfidc bonds (Cys 21-95 Cys 8-28, Cys

Cys 247-430) 247-430)

Distinctive far and near UV CD profie Samc near and far CD profile
Glycosylation 4 N-linked glycosylation sites 4 N-linked glycosylation sites

(Asn 96, 135, I55, 192) (Asn 96,135,155,192)
85% to 95% n isoform wiih four ;:80% jllike isofonn with biantennar,
biantennar, mono and di-sialylaied mono & di-sialylated oligosaccharide
oligosaccharide chains chains at three sites with hybrid & high

mannose structurcs at Asn 155 and
substitution of some N-acctyl neuraminic
acid with N-glycolyl-neuraminic acid

5% to 15% is the high heparin affnity Also contains the ß-isoform lacking
jl-isoform lacking glycosylation at glycosylaiion at Asn 135 (.: 20%)
Asn 135

2-6 termimil sialic acid linkage 2.6 terminal sialic acid linkagc
Purity ;: 95% 10 99% purc depending on ;: 99% pure 

manufacturer

Inhibitor Aclivity Inhibits thrombin and Factor Xa in vi/ro Inhibits ihrombin and Factor Xa in vitro
inhibition assay inhibition assay

Specific activity of US licensed Specific activity of ATryn"" -71U1mg
Thrombate -7 IUlmg

Heparin Binding Binds to heparin, which catalyzes a Binds to heparin, which catalyzes a
Affnity conformation change & an increase in conformation change & an incrcase in

aciivity activity

Comains 5% to 15% jl-isoforrn wiih 3- Comains mainly jl-like hcparin binding
fold 10 IO-fold higher heparin binding affnity (4.fold highcr heparin binding

affnity than hpAT a-form) due to glycosylalion
differences

Antibody Reactivity Recognized by polycJonal and Recognized by same polycJonal and
monoclonal antibodies monoclonal antibodies

. .AbbreviatlOns. Asn o.sparngine, Arg arginine, CD circular dichroism, Cys cysterne, hpAT humaii
plasma.derived antithrombin; Ser = serine; US = United States; UV == ultraviolet.
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6 NON-CLINICAL SAFETY

A range of in vitro and in vivo non-clinical pharmacology studies has been carried out with
recombinant antithrombin. In vilro studies were performed to evaluate the activity and
effcacy of recombinant antithrombin. It should be noted that there are no established animal
models for AT deficiency. Thus, animals treated with rhAT in in vivo pharmacology and
toxicology experiments were exposed to AT blood levels well in excess of those to be
encountered in AT~deficient patients.

6.1 Pharmacodynamic Studies

Antithrombin is a naturally occurring complex glycoprotein with multiple pharmacologically
important activities. It is the most critical modulator of coagulation and has potent anti-
inflammatory properties independent of its effects on coagulation. Non~clinical studies have
been performed to evaluate rhAT for effcacy as an anticoagulant and as an anti-
inflammatory agent. In several in vilro and in vivo studies, hpAT was used as a direct
comparator.

Pharmacodynamic studies were conducted in vitro by GTC and its collaborators to compare
inhibition of thrombin by rhA T and hpAT (12) and to explore the effect of addition ofrhA T
on clotting times in blood from cardiac surgical patients. Additionally, the anti-inflammatory
properties ofrhAT were also investigated in in vilro model systems using: human neutrophils
(i 3) (14), human umbilical vein endothelial cells (14), human eosinophils (15), human
leukocytes (16) and human monocytes (17). RhAT was comparable to hpAT in both its
expected anticoagulant and anti-inflammatory properties except for potential glycosylation
related differences in heparin binding and tissue factor inhibition.

Since no established animal models arc available for hereditary AT deficiency, in vivo animal
models that demonstrate the effcacy of rhAT in several acquired AT deficiencies were
utilized. The acquired AT deficiency animal models allowed the assessment of both the
anticoagulant and anti~inflammatory properties ofrhAT. Fifteen studies were conducted by
GTC or its collaborators to assess the effcacy ofrhAT in preventing disseminated
intravascular coagulation (DIC) in rat (18) (19), neonatal pigs (20) and baboon (21) sepsis
models, and to asscss the effcacy ofrhAT in sheep smoke inhalation (22-24) and pig-to-
primate renal transplantation (25) (26) models. Pharmacodynamic data confirmed the activity
ofrhAT. In most of the studies, rhAT exerted protective impacts on parameters associated
with bacterial or endotoxin induced sepsis, acute lung injury and organ transplantation.

6.2 Pharmacokinetic Studies

Thirteen pharmacokinetic studies were performed to determine if sex, dose and/or repeaied
administration affects the kinctic disposition ofrhAT. The single dose pharmacokinetic
studies were performed in Sprague Dawley rats, Bcagle dogs, monkeys and Baboons. The
repeat dose pharmacokineiic studies were performed in Sprague Dawley rats and monkeys.
Pharmacokinetic studies indicated that the kineiic disposition ofrhAT is similar beiween
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sexes, remains constant with repeated exposure and appears to be nonlinear with
administered dose. Clearance decreased as a function of increasing dose concurrent with an
increase in half-life. In the repeat dose study, data indicates that rhAT accumulates at doses 2:
300 mglg (~2,000 IU/kg) in both sexes.

6.3 Toxicology Studies

Nine single dose and repeat dose toxicological studies were conducted to examine the safety
ofrhAT administered intravenously to rats, dogs and non-human primates at doses up to 10
to 20 times the highest anticipated dose in man. In addition, the safety ofrhAT and heparin
administered intravenously to rats was evaluated in a single dose toxicological study. In all
safety studies, rhAT was well tolerated as evidenced by the absence of toxicologically
relevant untoward clinical observations, appropriate body weight gain and, in general,
unremarkable clinical pathology findings. Most clinical obscrvations and/or adverse reactions
were related to the pharmacological anticoagulant properties oflhe test aricle.

Since part of the intended HD population to be treated wil be pregnant women, studies were
performed to assess the reproductive toxicity ofrhA T in rats during both long-term and
short-term daily administration of ascending doses ofrhAT. The NOAEL For rhAT in the rat
reproductive toxiciiy study was 2 i 0 mglglday. .

Three studies were perfonned to evaluate the potential mulagenicity or genotoxicity ofrhAT.
The studies performed included an Ames assay that cvaluated mutagenicity in five different
Salmonella lyphimiirillJI strains and two E. coli strains, a mouse in vivo micronucleus assay
thal evaluated genoioxicity, and a CHO cell in vitro assay that evaluated chromosomal
aberration. The results obtained did not show any potential mutagenicity or genotoxicity
associated with rhAT.

7 CLINICAL PROGRAM

7.1 Hereditary Antithrombin Deficiency

7.1.1 The Condition

Antithrombin (AT) is the principle physiologic in vivo inhibitor of blood coagulation and
therefore, plays a central rolc in the regulation of hemostasis in vivo (27). Deficiency of
antithrombin leads to hypercoagulability, potentially resulting in thromboses in the veins of
the extremities, as well as in thc mesenteric, renal, hepatic and portal veins and vena cava (i).
Patienis with hcrediiary AT deficiency (HD) can experience spontaneous thromboembolic
episodes during nonnal, every day events of living. These patienis typically have an AT
activily that is approximately 50% of normal (i). It is a heterogeneous disorder, with wide
variations in the prevalence of its subtypes and in the incidcnce of thromboembolic events
associated with the subtypes (28). Antithrombin deficiency may also be acquired secondary
lo other medical conditions, such as liver disease, major trauma, and burns resulting in active
CIOl formation in these patients.
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Hereditary AT deficiency is an autosomal dominant disorder characterized by either a
reduction in antithrombin (Type I) or the presence of a dysfunctional form (Type II) together
with a functional fonn (except for some rare homozygous patients). In Type I deficiency, AT
activity and plasma AT concentration are concordantly reduced, indicating that the protein is
not produced by the mutant allele. In Type II deficiency, the AT concentration is (near)
normal but the AT activity is discordantly reduced, indicating a functional impainnent of
some of the molecules (1;29). The majority of aITected individuals are heterozygotes.
Homozygotism is very rare (30) and is believed to be incompatible with life, with the
exception of some Type II deficiencies. In patients with hereditary AT deficiency, AT
activity levels are usually between 40 and 50% of normaL.

7.1.2 Patient Population

Thromboembolic events in hereditary AT deficient patients are uncommon prior to pubert
(I ;28;31 ;32), but increase thereafter, particularly during periods of high risk, such as
pregnancy, surgery, or bed rest (33;34). Asymptomatic hereditary AT deficient patients
generally do not require anticoagulant prophylaxis, except in settings of increased fisk (35).
However, hereditary AT deficient individuals with a history of thrombosis may receive
chronic oral prophylaxis, even outside of high risk seLtings.

Hereditary AT deficiency causes a life-long increased risk of venous thromboembolism and
up to 70% of cases do develop a venous thromboembolic event (VTE) during their lives (36-
38). Often VTEs are recurrent and may be life-threatening (39). Failure to properly treat
hereditary AT deficient patients, especially during high risk situations such as surgery or
trauma or for pregnant women, during the peri-parium period, may result in VTE. The risk of
development ofVTEs as compared to the normal population in these situations is increased
by a factor 10 to 50 (40;41). VTEs potentially lead to death due to life-threatening pulmonary
emboli or may have other life-long sequelae, e.g. post thrombotic syndrome. Recurrence of
thromboembolic events is usually seen at a young age (-e40 years). The recurrence of
multiple thromboembolic events in AT deficient patients further increases the risk of
morbidity and mortality. Deep venous thrombosis (DVT) of lower limbs and pulmonary
embolism are the most common thromboembolic events reported in this population. In
addition, mesenteric vein or cerebral vein thrombosis may occur (42) with associated
mortality.

Surgical procedures arc often accompanied by tcmporary immobility of the patient, which
increases the risk of thromboembolism. Surgery alone, is also a risk because it typically
causes a decrease in AT levels, with greater decreases occurring in procedures associated
with more extensive tissue damage and hemorrhage (28). This decline in AT levels during
surgery amplifies the deficiency in hereditary AT deficient patients. Major surgery like
orthopedic procedures, abdominal surgery, or major vascular surgery is clearly associated
with a high risk for thromboembolic events even in healthy normal individuals and
consequently thromboprophylaxis is normally administered. In particular, hereditary AT
deficient subjects undergoing these procedures will require anticoagulation. Chronic oral
anticoagulation needs to be interrupted due to the risk orbleeding, so this prophylaxis ollen
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consists of un fractionated (UFH) or low molecular weight heparin (LMWH). The
anticoagulant effect of either UFH or LMWH, however, can only be established in the
presence of sufficient levels of AT.

Pregnancy is a risk because it is typically a hypercoagulable state, due to a physiologic
increase in coagulation factors and a decrease in fibrinolytic activity (43;44). Therefore,
pregnant women with hereditary AT deficiency are often given anticoagulant prophylaxis
(45). Warfarin is usually avoided during the first trimester of pregnancy due to its teratogenic
potential, and during the last trimester of pregnancy due to blecding risk for the fetus.
Heparin, either UFH or LMWH, therefore, is often the anticoagulant of choice. Mainly
during the peri-partm pcriod, this may be interrupted and coverage with AT-concentrate is

given to cover the period and make the heparin more effective just after delivery, when the
risk for VTE is the highest.

Patients with AT deficiency who do develop an acute VTE need to be treated, initially with
heparin. Heparin will need suffcient AT to be active. Therefore, AT is historically used in
these situations (33;46;47). A review of70 cases of acute VTE in AT deficient patients
showed that in approximately 9% of cases an insuffcient rise in aPIT could be achieved, and
in 11 % of cases extension of the VTE occurred despite treatment with unfractionated
heparin. The authors conclude that the use of AT concentrate should be considered when no
suffcient aP1 can be achieved or progression orthe VTE is seen despite apparent suffcient
anticoagulation (48).

7.1.3 Rarity of Disorder

The prevalence of hereditary antithrombin deficiency has been estimated to be one per 2000
to 5000 (49) in the general population with the reported estimate in the United States being
one per 2000 based upon clinical experience of one investigator in Boston, MA (50). Based
upon a current estimate of 300 million US citizens and a prevalence estimate of one per 2000
would suggest a patient population size of 150,000 individuals who may have hereditary AT
deficiency. However, the population who may benefit from treatment is significantly fewer
than the above estimate considering that those patients who may require treatment are those
hereditary AT deficient patients undergoing major surgical procedures and pregnant women
during the peri-partum period. Therefore, the likelihood that patients will need treatment with
AT concentrate several times in their lifetime is smalL.

In 1984, the FDA (Nov. 14, 1984 OPD Review of Request for Orphan Designation)
estimated that there were approximately 12,000 - 24,000 US patients with inherited AT
deficiency and only a portion of those would be expected to receive AT replacement therapy_
GTC Biotherapeutics believes that the FDA's i 984 estimate of hereditary AT deficiency
remains a good estimate of the prcvalence today. Thus, hereditary AT deficiency is a rarc
condition for which antithrombin supplementation is indicated only during major surgical or
obstetrical procedures and consequently the number of US patients requiring AT replacement
therapy on an annual basis is a few thousand at best. ATryn has been designated an orphan
drug.
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7.1.4 Available Treatments

Patients with hereditary AT deficiency may need chronic treatment with an anticoagulant.
This depends on their medical history, particularly whether there has been a prior venous
thromboembolism(49). Antithrombin concentrates are not indicated for chronic treatment of
hereditary AT deficient patients.

Prior to, during and following high risk situations (surgery, delivery, etc.), human plasma-
derived antithrombin alone or in conjunction with heparin is used for the treatment of
hereditary AT deficient patients (33;46;5 i ;52). Treatment with hpAT has been effective in
treating/preventing thrombotic episodes in hereditary AT deficient patients. The use ofhpAT
is well established in medical practice and has been licensed in the United States since 1989.
It should be noted that since product licensure hpAT has been available in the US on an
intermittent basis. In fact, during an interval oftime when hpAT was not available in the US,
GTC made ATryn available to physicians for the treatment of their patients on a
compassionate use basis. Results of treatment of hereditary AT deficient patients with ATryn
during that period have been published by Konkle et al. (53).

Although two human plasma-derived antithrombin products have been licensed in the US,
only one product (Thrombate 111) remains on the market. The package insert for Thrombate
IJ carries specific WARNINGS about the potential risk of transmission of known and
unknown infectious agents due to the fact that the product is derived from human plasma.
The labeling further recommends that the physician discusses the risks and benefits of the
product before prescribing or administering it to a patient. This type of class labeling is not
necessary for ATryn as it does not contain any human plasma-derived components.

In summary, AT concentrate is used for the prophylaxis of the occurrence of venous
thromboembolisms in hereditary AT deficient patients in high risk situations, e.g. surgery or
delivery, known to be associated with the occurrence of such events. The target is to restore
plasma AT activity levels in order to cover the period during which chronic anticoagulation
often needs to be interrupted and ensure that the current thromboprophylaxis (UFH, LMWH)
is effeciive. In addition, if a VTE does occur, AT concentrate can be used to support the
anticoagulative therapy, which is dependent on suffcient AT activity levels.

7.1.5 Clinical Development Program

Table 8 provides an overview of all the clinical studies in the development of ATryn.
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7.1.5.1 Pharmacokinetics

Four phannacokinetic (PK) studies were perfonned.

The first (GEN/G9601) was undertaken to establish the PK characteristics of antithrombin
alfa in healthy volunteers. After implementation of an active viral inactivation step in the
production process of antithrombin alfa (dry heat treatment), a second healthy volunteer
study (AT I1-006-00) was performed to evaluate whether the change in the production
process had impacted the phaITacokinetic properties of antithrombin alfa. After
implementation of a nanofiltration step early in the purification process of antithrombin alfa,
a healthy volunteer study (GTC AT PK 011-04) was performed to evaluate whether the
change in the production process of ATryn had impacted the pharmacokinetic properties of
antithrombin alfa. The PK studies on assessing the potential effects of changes in the
manufacturing process showed no significant impact on the pharmacokinetics, i.e.
development was continued with the newly manufactured product.

For purposes of establishing a dosing regimen in hereditary AT deficient patients, a PK study
in this patient population not in a high risk situation was performed (AT II-009-00). A
population PK study was done on the data from this PK study. Population PK parameter
estimates derived from this study are presented in Table 9.

Table 9. Population PK Parameters for Antithrombin alfa
Design Treatment Mean (SO) PK Parameters

Incr. Rec. Cm.. T," AUCii. CL MRT
%flUlkg % h %xh Uh h

Population PK recombinant 2.07 132.73 IO.t6 587.88 0.665 8.57
analysis ofsiudy human AT (U4) (1.54) (1.28) (1.63) (0.05) (1.24)
AT IT 009-00

'ncr. Rec. Tncremental recovery, Cmax. maximum concentration obtained, T1/2. halflife, AUCO-L. Area
undt:r the timc concentralion curve from slart to end of sampling; CL: Clearance; MRT: Mean residence time;
SD: standard deviation; h: hour; iv: international units; kg: kilogram

The half-life of antithrombin alfa is significantly shorter as compared to the reportcd values
for hpA T. The background for these differcnces in PK parametcrs is probably the distinct
differences in glycosylation of antithrombin alfa compared to hpAT. Antithrombin alfa has
the same amino acid sequence but differs in glycosylation profie as compared to hpAT. This
may impact the clearance by a different affnity to certain receptors involved in the clearance,
as well as by a difference in heparin affnity.

7.1.5.2 Establishment of Dosing for Hereditary AT Deficient Patients

Dosing of AT in general is aimed at restoring a normal plasma AT activity. This is true for
plasma-derived AT, as well as ATryn.
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Dosing of ATryn in the studies was determined by population pharmacokinetic (PK)
modeling of data obtained from a pharmacokinetic study in hereditary AT deficient patients
not in a high risk situation (AT in-009~00). Based on this modeling it was decided that the
best way to maintain the AT activity within the target range of80 to 120% of normal, ATryn
was to be administered intravenously by a 15 minutes loading dose, immediately followed by
a continuous infusion.

In the ATryn study GTC AT II 01002 all patients, pregnant and non-pregnant surgical
patients, received ATryn according to a formula taking into account both baseline AT
activity as well as the patient's weight.

The required ATryn loading dose (expressed in total IV) was determined using the following
formula:

Loadiiig dose (lU) = ((100 minus the patieiit's pretreatment aiitithrombiii actii.ity ii, %)
divided by 2.28) times patieiit's weight iii kg

For example, a loading dose in a patient with a baseline AT activity of50% would be
approximately 22 IV/kg bodyweight, which means a total loading dose of 1540 IU for a 70
kg patient. The loading dose was given as a 15 minute IV infusion immediately followed by
initiation of the IV maintenance infusion. For easier programming of the infusion pump,
multiplying the loading dose by 4 to obtain the JUlhour to be given over a period of
15 minutes was allowed.

The required ATryn maintenance dose was given as a continuous iV infusion and was
determined using the following formula:

MaintelJaiice dose (lUI/JOiir) = ((l00 miiii.'" the patieiit's pretreatmeiit aiitithrombiii
activity iii %) divided by10.22) times the patieiit's weight in kg

For example, a maintenance dose in a patient with a baseline AT activity of 50% would be
approximately 5 IUlkglhour, which means an infusion rate of350 IUlhour for a 70 kg
patient.

In addition, in case a drop in AT activity below 80% occurred after the surgical procedure or
delivery (due to e.g. blood loss), an extra 15 minute bolus dose could be given. This was
determined by the following formula:

Loadiiig dose (IV) = ((100 mi/lis the patieiit.,. actiial antithrombiii activity iii %) divided
by 2.28/ times patient's weight iii kg

This formula is the same as the loading dose, with the cxception that the actual, post-
procedure plasma AT activity level is used (instead of baseline AT activity) to determine the
number of IV to be administered.
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Population PK analysis of this study revealed that pregnant HD patients had a different PK
profile as compared to non-pregnant surgical patients. Both Volume of Distribution and
Clearance are higher for pregnant patients as compared to non-pregnant surgical patients.
Therefore, in study GTC AT HD 012-04 non-pregnant surgical patients were treated using
the dosing formulae as stated above. For pregnant patients, the loading and initial
maintenance dosing fonnulae were modified, as follows:

For pregnan/ pa/ienTs, the required ATryn loading dose was detennined using the following
formula:

Loading dose (IU) = ((l00 minus the patieiits pretreatmeiit antithrombiii activity iii %)
divided by 1.25/ times the patient's weight in kg

For example, a loading dose in a pregnant patient with a baseline AT activity of 50% would
be approximately 41.5 IU/kg bodyweight, which means a total loading dose of2905 IU for a
70 kg patient. The loading dose was given as a i 5 minute iv infusion immediately followed
by initiation of the iV maintenance infusion. For easier programming of the infusion pump,
multiplying the loading dose by 4 to obtain the IU/hour to be given over a period of
15 minutes was allowed.

The required ATryn maintenance dose for pregnant patients was given as a continuous iV
infusion and was determined using the following formula:

Mab,teiimice dose (lUI/lOur) = /(100 miniis the patient's pretreatment aiitithrombin
activity iii %) divided by 5.43) times the patients weight bi kg

For example, a maintenance dose in a pregnant patient with a baseline AT activity of 50%
would be approximately 9 IU/kg/hour, which means an infusion rate or 630 IU/hour for a
70 kg patient.

The loading and initial maintcnance dose are expected to bring the plasma AT activity orthe
patient in the desired range in thc vast majority ofpalients. In order to make sure that palients
indeed have an AT activity within the 80-120% of normal range, therapeutic drug monitoring
(TDM) is applicd. TOM consists of serial AT activity determinations and, irneeded based on
the AT activity results, infusion rate adjustments. Iflhe AT activity is above 120%, the
infusion rate is reduced, and if below 80% the infusion rate is increased. The iiming of
sampling for AT activity is important, as ideally a sample most indicative for the AT activity
at steady state is used. On the other hand, the desired AT activity should be reached as soon
as possible requiring an early sample. Analysis of study GTC AT II 0 i 002 revealed that a
sample taken 45 minutes after the initiation of the loading dose was too early to be
representative for the steady state AT activity. Therefore, the first AT activity check in study
OTC AT HD 012-04 was done 2 hours after initiation of the loading dose. Also the size of
lhe dose adjustmcni was changcd between studies. While Study GTC AT II 01002 uscd an
increase of50% when AT activity was below 80% of normal, this was changed to 30% for
study OTC AT HD 012-04. Thc decrease of infusion rate when AT activity was found to be
above 120% remained the same in both studics: 30%.
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Both studies with ATryn utilized the same target AT activity, between 80 and 120%. How
this was reached, i.e. the loading dose and initial maintenance infusion rate, however, was
different for pregnant women in the first study (n=9) as compared to the latter study (n=12).
In both studies the target range of AT activity was reached and maintained, and resulted in
effective prophylaxis against venous thromboembolisms, in pregnant women and non-
pregnant surgery patients. Study GTC AT HD 012~04 showed that the applied dosing
fonnulae and TDM worked well, according to the low number of dose adjustments needed
(median i dose adjustment vs. 4 in study GTC AT IJ 0 i 002). The updated dosing fonnulae
and TDM are to be used in the package insert.

7.1.5.3 Effcacy Studies

GTC Biotherapeutics is developing ATryn for the following proposed indication: ATryn is
indicated for the prevention of peri. operative and peri-partum thromboembolic events, as
well as the treatment of such events, in hereditary antithrombin deficient patients. Studies for
the development of another indication (acquired AT deficiency) have been performed as well
and will be described briefly in Section 7.2.

AGREEMENTS WITH CBER

Due to the rarity of the disorder, each year only a very small number of patients with
herediiary AT deficiency require AT replacemcnt for thromboprophylaxis in the defined
high-risk situations. Large controlled trials arc therefore not possible. Even major thrombosis
centcrs usually have only a very few, if any, paticnts each year that need AT replacement and
trials would require a huge number of sites and an extremely long rccruitment period.

Based upon communication and agreement with the CBER, it was envisaged that a Biologic
License Application may be submitted based upon an effcacy comparison of ATryn-treated
herediiary AT deficient patients with that of a historical cohort of comparable patients treated
with human plasma-derived antithrombin. The objective ofthe comparison is to confinn non-
inferiority or effcacy of ATryn relative to hpAT-treaied patients.

GTC has worked closely with CBER on the clinical developmcnt plan, which has resulted in
study protocols and statistical analysis plans thaI have been reviewed and implemented based
upon the received comments, suggestions and recommendations orCBER. Special Protocol
Asscssment was not pursued, since GTC did not feel it was neccssary based upon the
collaborative naturc of the interactions with CBER.

Table i 0 provides an overview of clinical emcacy studies supporting the proposed
indication. GTC AT HD-R 013-04 is comparing data from a historical control group of
patients treated with plasma derived AT, with data from 2 prospective studies with HD
patients treated witli ATryn (GTC AT II 01002 and OTC AT HD 012-04). For purposes of
completeness, an outline or all three studies is provided in Table 10.
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Briefing Document
Blood Products Advisory Committee
ATryn~ (Antithrombin II (Recombinant)) for Injcction

GTC Biotherapcutics, Inc.
03 December 2008

STUDY GTC AT II 01002

This was a multicenter, multinational open-label treatment study with independent blinded
evaluation of effcacy data. The study population consisted of adult hereditary AT deficient
patients (with a personal or family history of a thromboembolic event and with previously
documented functional AT activity .: 60% of normal) who were treated during high-risk
situations for the occurrence of acute DVT. The population consisted of patients who were
scheduled for surgery; pregnant patients scheduled for cesarean section or delivery induction;
or were hospitalized pregnant patients in active labor.

Surgery patients and pregnant patients scheduled for a cesarean section or a vaginal delivery
were administered ATryn intravenously to nomialize and maintain functional AT activity
~ 80% and.: 120% of normaL. Treatment was intended to start the day prior to initiation of
their scheduled procedure and continue for a minimum of3 days and a maximum of 14 days.
AT activity levels were used to monitor and adjust dosing. Pregnancy patients not scheduled
for cesarean section or delivery induction began ATryn administration as soon as they had
been admitted to the hospital and active labor had begun. End of treatment was detemiined
when the investigator felt confident that the patient was no longer at high risk For the
occurrence ofa thromboembolic complication. This generally occurred at the time when the
investigator established effective chronic anticoagulation therapy (if applicable) and the
patient was mobilized and ready for hospital discharge.

Duplex ultrasounds were performed and interpreted by qualified specialists within the same
hospital/institution on a real-time basis ror the timely and appropriaie clinical care ofthe
patient. Contrast venography and other scanning techniqucs could be used, when clinically
indicatcd, ¡fthe study investigator Felt that duplex ultrasound results were inconclusive or
additional tests werc appropriate. For purposes of this clinical trial and the primary efficacy
endpoint, duplex ultrasound scans were videotaped for a subsequent standardized blinded
interpretation by a qualified, independent laboratory to provide an unbiased evaluation of the
incidence of acute DVT. The independent laboratory was provided with videotapes of all
scans and no other infonnation about the patient's history or course of treatment.

In the event of the occurrence of a thromboembolic event other than acute DVT, the event
was assessed using those validated diagnostic procedures routinely used at the investigational
site (e.g., for suspected pulmonary embolism, ventilation/perfusion lung scan, spiral
computerized tomography, and/or pulmonary angiography). All diagnostic procedures and
any other test results used to evaluate such events were collected. All imaging procedures in
addition to duplex ultrasound examinations that were perFormed to confirm or exclude a
thromboembolic event were submitted for blinded review by an independent laboratory to
provide an unbiased evaluation. A variety of standard safety evaluations were performed.

Fourteen (14) hereditary AT deficient surgery (n = 5) and pregnant en = 9) patients were
treated with ATryn replacement therapy (mean 7.05, median 4.55 and range of3.0- 18.6
days).
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Results of this study are provided by both central reviewers based solely on images provided
to them, as well as the local interpretation of the clinical and imaging perfonned on a real
time basis. The central review of recorded ultrasound examinations, although robust in tenns
of standardization, is subject to cautious interpretation. Not sitting at the bedside performing
the ultrasound themselves limits the central reviewer's ability to adequately assess the
ultrasounds. This is underscored by the discordance between local and central reviews.
Results are presented for cenlral and local review separately.

Central review: Thirteen (13) of the 14 patients were evaluable since one patient was thought
to have an acute DVT at baseline, prior to administration of ATryn and was therefore
excluded from the per protocol population for this purpose. One patient was diagnosed by the
central reviewers as having an acute DVT at the intended last day of dosing of ATryn and I
patient with an acute DVT that occurred 7 days after discontinuation of treatment with
ATryn.

Local review: All 14 patients were evaluable according to local review, as the alleged acute
DVT by central review was assessed as chronic changes by local review, and patient was
treated according to protocol. Local review also assessed one patient as having an acute DVT
at the intended last day of dosing of ATryn. Although asymptomatic, the patient was treated
for acute DVT. The local interpretation ofthe ultrasound images of the one acute DVT at 7
days post-dosing was presence or chronic changes as opposed to the blinded central review
diagnosis of acute DVT. This patient showed no clinical signs or symptoms ofDVT during
or after rhAT treatment and was not treated for acute DVT. Two unscheduled ultrasounds in
the period after 7 days post treatment revealed no acute DVT by both central and local
review. One diagnosis of an 'other thromboembolic event' was made locally by standard
ultrasound imaging at day 7 after discontinuation ofrhAT treatment. A crural vein
lhrombosis, not involving the deep venous system, was seen and assessed as not relevant, Le.
no treatment was initiated aner this finding. This thrombosis was not observed during central
review of the ultrasound examination.

In addition to the prophylactic use or ATryn, it was also used as part of the treatment regimen
For the one patient diagnosed locally with an acute DVT. ATryn was continued after
diagnosis until a therapeutic level oflNR was reached. Total duration oftrealment therefore
exceeded 14 days (total duration was almost 19 days). The patient remained asymptomatic
and the acute DVT resolved.

AT activity levels were maintained close to or within the nonnal AT activity range.
However, pregnant patients had more fluctuations in AT activity levels and consequently
required more frequent dose adjustments in order to reach and maintain the AT activity levels
within the target range.

In summary, according to the central reviewers 2 oul of 13 patients had a thromboembolic
event during treatment with ATryn or up to 7 days aner cessation of ATryn. Local
assessment regarded i out or 14 patients as having a thromboembolic event that was treated
accordingly.
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STUDY GTC AT HD 012-04

This study was similar to GTC AT ILL 01002 as described above. Di fferences in design were:

I. Number oFpatients treated: 18
2. All patients had to have a personal history ofa thromboembolic event
3. Distinct dosing algorithm for pregnant patients and non-pregnant surgical patients

(see section 7. I .5.2)
4. Protocol mandated ultrasound only at baseline, and after that only when clinically

indicated
5. No central review of diagnostic evaluations, only local real time assessment
6. Primary endpoint was any thromboembolic event defined as a combination of signs

and/ or symptoms for such event and concurrent diagnostic evaluation providing
confirmation of the suspected event.

A total of18 patients received ATryn treatment (mean 5.1, median 3.2 and range ofO.9~14.0
days). One patient was, in violation of the study, treated after delivery and did not receive the
full minimum dosing of 3 days; she was excluded from the per protocol analysis. None of the
treated patients dcveloped an acute DVT or thromboembolic event other than acute DVT
during the treatment with ATryn or within 7 days after cessation of ATryn treatment.

AT activity was reached and maintained more easily as compared to the previous study as
indicated by the need of only 1 dose adjustment (median) per treatment. This indicates that
the updated dosing algorithm for pregnant patients together with the revised therapeutic drug
monitoring were effective.

GTC AT HD-R 013-04

The objective of the study was to estimate the incidence of thromboembolic events (acute
DVT and/or thromboembolic events other than acute DVT) in hereditary AT deficient (H)
patients who received prophylactic treatment with plasma-derived AT during elective
procedures having a high risk for the occurrence of a thromboembolic event. Additionally,
the study was designcd to assess the non-inferiority of ATryn compared to plasma-derived
AT for prevention oflhromboembolic events.

This was a historical cohort study. Study centers that had a comprehensive way of identifYing
eligible patients for this study were selected and data from all eligible patients from that site
were collected by site personnel on a case report form. Patients that participated in the
current historical cohort study were ages 18 to 80 years, had HD documented by 2 or more
plasma AT aciivity values :-60% of norma I, and had a personal history ofvenous
thrombocmbolic events. In addition, patients had an elective procedure performed since 0 I
January 1997 that was associated with a high risk for the occurrence of a thromboembolic
event (i.e., non-pregnant surgical patients or pregnant patients undergoing cesarean section,
delivery induction, or natural child birth). At the time of their high risk procedure, all study
patients were treated prophylactically with intravenously administered plasma AT for a
minimum ori calendar days.
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Standard statistical methods were used to estimate the incidence ofthromboembolic events
(acute DVT and/or thromboembolic events other than acute DVT) for patients treated with
plasma AT. Subsequently, the incidence of thromboembolic events (acute DVT, and/or
thromboembolic events other than acute DVl) that were associated with plasma AT
administration was compared with the incidence for patients treated with ATryn as
determined in studies GTC AT II 01002, and GTC AT HD 012-04 in order to assess the
non-inferiority of ATryn.

A total of 50 patients treated with plasma derived AT were enrolled into the historical part of
the study. Ofthe 50, 15 did not meet all oflhe inclusion/exclusion criteria and/or did not
receive treatment with plasma-derived AT for a minimum period of2 days. Thus, 35 patients
were evaluable as the per protocol population (treatment duration mean 9.2, median 5.0 and
range of2.0-45 days). In none of the patienls was an acute DVT or other thromboembolic
event recorded during the treatment with plasma AT or the 7 day post-treatment.

PATIENT DEMOGRAPHICS

Plasma AT and ATryn treated patients were of a similar age, had a similar division of male
and females. Both groups were for the vast majority Caucasian and had median plasma AT
levels at baseline as can be expected for HD patients, i.e. :560%. Although some baseline
plasma AT activity may be above 60%, all patients had historical AT activity levels of :560%.

Table i i provides the overall demographic profile of patients in controlled trial GTC AT
HD-R 0 i 3-04 (hpAT vs. ATryn) and provides evidence that the two treatment groups were
balanced in terms or age, sex and race, as well as numbers of surgical and pregnant patients
in each group.
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Table 11. Demographics and Baseline AT Activity (Per Protocol Population)

Piiramcler

Plasma AT ATryn

Non- Non-
Pregnant Pregnant
Surgery Prcgnant Surgery Prcgnant

Statistic Overall Patients Patienls OverlilI Patients Patients
n 35 16 19 31 II 20

M,,, 44.0 55.1 34.6 37.1 49.9 30.1
Median 41.00 53.00 36.00 35.00 49.00 31.50

Std. Dev. 14.34 l3.40 6.00 12.80 12.18 5.82
Minimum 24.0 33.0 24.0 21.0 35.0 21.0
Maximum 78.0 78.0 43.0 74.0 74.0 40.0
p-valuc- 0.323
p_valueJ 0.022

n (%) 5 (14.) 5(31.) 0(0.0) 6 (19.4) 6 (54.5) 0(0.0)
n(%) 30 (85.7) Ii (68.8) 19 (100.0) 25 (80.6) 5 (45.5) 20 (100.0)

p-vnluc. 0.264
p"valueJ NA

n ('Y) 34 (97.1) 16 (100.0) 18 (94.7) 29 (93.5) II (100.0) 18 (90.0)

n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
n (%) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0 0(0.0)
n (%) I (2.9) 0(0.0) I (5.3) 0(0.0) 0(0.0) 0(0.0)
n (%) 0(0.0) 0(0.0) 0(0.0) 2 (6.5) 0(0.0) 2 (10.0)

p-value' NA
p_valueJ 0.487

Age (years)

Sox
Male
Female

Race
Caucasian
Black
Hispanic
Asian
Othcr

n 25 11 14 30 I I
Mcan 65.7 61.9 68.6 50.0 56.1
Median 59.00 59.00 58.00 49.00 53.00
Std. Dev. 36.35 32.69 39.94 17.89 23.80
Minimum 22.0 22.0 22.0 25.0 25.0
Maximum 153.0 148.0 153.0 118.0 118.0

i Percentages are based on number of 
patients in ihe Pcr Protocol population for each treatment group.

i P-values comparing plasma AT versus ATryn among non-pregnant surgery paiienis from Fisher's Exact tcst

for scx and race, and Wilcoxon Rank-Slim tcst for age, weight, and height
3 P.value comparing plasma AT vcrsus ATryn among pregnant paiients from Fisher's Exact tcst for sex and

race, and Wilcoxon Rank-Sum test for agc.

AT=Antithrombin;'Std. Dev.=Siandard Dcviation; NA=Not Applicable

Baseline AT
Activity Level
(%)

19
46.5

45.00
12.86
28.0
79.0

PATIENT DISPOSITION

Table 12 provides a summary of the palieni disposition by lreatment group.
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Table 12. Patient Disposition Summary

Number (%) of Palients2

Plasma AT

Non-
Pregnant
Surgery
Patients

Pregnant
Patients Overall

AT""
Non.

Pregnant
Surgery Pregnant
Patients PatientsParameter Overoll

All Enrolled Pts.i 50 (100.0) 22 (44.0) 27 (54.0) 37 (100.0) 12 (32.4) 25 (67.6)

Per Protocol Poputation 35 (70.0) 16(32.0) 19 (38.0) 31 (83.8) 11 (29.7) 20 (54.1)

Effcacy-Excluded Patients! 15 (30.0) 6 (12.0) 8 (16.0) 6 (16.2) 1 (2.7) 5 (13.5)
t Surgery and pregnant paticnt counts for the plasma AT group do not sum to ihe overall count as Patient 09-01-

05 had insuffcient data 10 detennine whether a surgcry or prcgnant patient.
i Percentages are based on all cnrollcd paticnts for each treatment group.

AT=Antithrombin; Pts.=Patienls

Exclusion from effcacy evaluation in the plasma AT treated group was mainly due to non-
compliance with inclusion and/or exclusion criteria or treatment duration less than 2 calendar
days. None of the patients in the prospective ATryn studies withdrew after initiation of
treatment. One patient in the ATryn treated group was excluded from the per-protocol
evaluation since treatment was initiated only after the delivery had begun and treatment
duration was -:3 days. Five other enrolled (consented only) patients were not treated with
ATryn. The various reasons for not being treated included i) ineligible due to DVT at
baseline, 2) spontaneous labor prior to treatment, 3) spontaneous amniorrhexis before
treatment, 4) fetal abnormalities detected prior to treatment, and 5) withdrawal of consent.

AT replacement is targeted to restore normal AT activity, i.e. bringing the risk for
thromboembolic complications to a level similar lo a patient in the same situation without AT
deficiency. This means that in most cases, additional anticoagulant medication is needed to
surtciently protect the patient against thromboembolic complicaiions. Vice versa, heparin
and to a lesser extent low molecular weight heparin, need a certain AT activity level to be
able to have a pharmacodynamic effect.

This interrelationship is reflected in the fact that almost all patients treated with ATryn also
receiyed anticoagulant therapy during as well as aner cessation of treatment with ATryn.
Table 13 shows the concomitant anticoagulant use during eaeh period. All but one patient in
each patient group used a concomitant anticoagulant.
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Concomitant Anticoagulation Medications (Per Protocol
Population)

Timc
Period P_value2Therapcutic Category

Any Anticoagulant
Heparn Group

Vitamin K Antagonists
Platelct Aggregation
Tnhibitors Excluding Heparin

Any Anticoagulant
Heparin Group
Vitain K Antagonists

Platelet Aggegation
Inhibitors Excluding Heparn
Any Anticoagulant
Heparin Group
Vitamin K Antagonists
Platelet Aggcgation
Inhibitors Excluding Heparin

i Percentages arc based on total numbcr ofplItients. Patients using multiple medicaiions undcr the slime

therapcutic category are countcd only once for that thcri:peulic category.
2 P.value comparing perccnti:ges of 

patients having any aniicoagulation medication between plasma AT versus
ATryn from Fisher's Exact test.

AT=Antilhrombin

During or After
(+7 Days)
Treatment

During
Treatmcnt

After Treatmcnt
(+7 Days)

Statistic.

n (%)
n (%)
n(%)
n (%)

n (%)
n(%)
n (%)
n(%)

n (%)
n (%)
n (%)
n(%)

Plasma AT
(N~35)

34 (97.1)
33 (94.3)
21 (60.0)
0(0.0)

33 (94.3)
32 (91.4)
19 (54.3)

0(0.0)

32(91.4)
28 (80.0)
19(54.3)
0(0.0)

ATryn
(N~31)

30 (96.8)
30 (96.8)
20 (64.5)

1 (3.2)

1.000

29 (93.5)
29 (93.5)
15 (48.4)

1 (3.2)

i.OOO

30 (96.8)
27(87.1)
20 (64.5)

1 (3.2)

0.616

DEFINITION OF ENDPOINTS FOR COMPARISON OF ATRYN AND PLASMA AT TREATMENT

To account for the differences in collecting outcome data in the studies, the following
definition of the endpoint was applied to compare ATryn treated HD patients with plasma
AT treated HD patients.

The first outcome assessment was a clinical diagnosis of the occurrence of acute DVT. An
acute DVT was considered to have occurred if: a) during treatment with or within 7 days
following discontinuation or treatment with plasma AT or b) during treatment or within 7
days following discontinuation of treatment with ATryn:

Clinical sympioms consistent with the occurrence of an acute DVT were present. Clinical
symptoms of acute DVT included calf pain, swelling/edema, redness, venous
distention, or pain on dorsiflexion.

AND

Confirmation ofacutc DVT was obtaincd by diagnostic imaging (e.g., ultrasound,
venography, or computed tomography (CT)).

In addition, for study GTC ATII 0 I 002 where protocol mandated ulLrasounds were required
(i.e., without clinical symptoms of acute DVT), an acute DVT was considered to have
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occurred iflocal diagnostic imaging indicated the presence of an acute DVT and the patient
was treated for an acute DVT.

The second assessment was the clinical diagnosis of any thromboembolic event other than
acute DVT (e.g., pulmonary embolism). All analyses used only data from local assessments.
A thromboembolic event other than DVT was considered to have occurred if: a) during
treatment or within 7 days following discontinuation of treatment with plasma AT or b)
during treatment or within 7 days following discontinuation of treatment with ATryn:

Clinical symptoms consistent with the occurrence of a thromboembolic event other than
acute DVT were present. Clinical symptoms of thromboembolic events differ with the
location, but shortness of breath, chest pain, headache, severe abdominal pain may all
be indications that such an event occurred.

AND

Confirmation ofthromboembolic event other than acute DVT was obtained by diagnostic
imaging (e.g., ultrasound, angiography, CT, ventilation/perfusion scan).

In addition, for study GTC ATm 01002 where protocol mandated uitrasounds were required
(i.e., without clinical symptoms of thromboembolic events other than acute DVT), a
thromboembolic event other than acute DVT was considered to have occurred if local
diagnostic imaging indicatcd the presence of a thromboembolic event other than acute DVT
and the patient was treated for a thromboembolic event other than acute DVT.

The hvo clinical outcome assessments (acute DVT and thromboembolic events other than
acute DVT) combined, detennined the primary endpoint for the comparison, which is the
incidence of the occurrence of any thromboembolic event.

EFFICACY OUTCOME

The integrated effcacy data from two studies of ATryn provided a per protocol population of
31 evaluable patients. In the ATryn treated group there was one confirmed diagnosis of an
acute DVT. The incidence of any thromboembolic event from the start oftreatmcnt to 7 days
after last dosing is summarized by treatment group in Table 14 as are the Clopper-Pearson
exact 95% CI for the proportion of patients with a thromboembolic event and the exact 95%
lower confidence bound for the difference behveen treatments.
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Table 14. Overall Incidence of Any Confirmed Thromboembolic Event
(Per Protocol Population)
Plasma AT ATnn Lower

95%
No. of No. of % of Pis. 95% No. of No. of %ofPts.

95% Confidence
Pis. Pts. With with Cl Pis. Pts. With wilh

CI Bound of
Assessed Events Events Assessed Events Events Difference

35 0 0.0 0.00.
31 i 3.2

0.08,
.0.17221000 16.70

, 0The 95 Yo confidence intervals wcrc calculated using Clopper-Pearson methodology.

AT=Antithrombin; No.=Numbcr; Pts.=Patients; CI=Confidence Intcrval

The lower 95% confidence bound of difference between treatment groups was -0.1722, a
value that is greater than the protocol-specified lower confidence bound of -0.20. This
demonstrates that ATryn was non-inferior to plasma AT in tenns of the prevention of peri-
operative or peri-partum thromboembolic events.

Table 15 and Table 16 provide the incidence of confirmed acute DVT and of confirmed
thromboembolic events other than acute DVT respectively.

Table 15. Overall Incidence of Confirmed Acute DVf (Per Protocol
Population)

Plasm:i AT ATnn Lower
95%

No. of No. of % ofPts.
95% No. of No. of % of Pis. 

95% Confidence
Pts. Pis. With with Cl Pts. Pts. With with

CI Bound of
Assessed Events Events Assessed Evcnts Evcnts Diffcrence

35 0 0.0
0.00,

31 i 3.2 0.08,
.0.1722IO.OO 16.70

, 0The 95 Yo confidence intcrvals were calculatcd using Clopper-Pearson meihodology.

AT""Antithrombin; No.=Number; Pis.=Patients; CI=Confidence Interval

Table 16. Overall Incidence of Confirmed Thromboembolic Events Other
Than Acute DVT (Per Protocol Population)

Plasma AT ATryn Lowcr
95%

NO.of No.of % of Pis. 
95% No. of No. of % of Pis. 

95% Confidcnce
Pts.. Pts. With with

CI'
Pts. Pis. With with

CI Bound of
Assessed Evcnts Evcnis Assessed Evcnts Evcnts Diffcrence

35 0 0.0 0.00,
31 0 0.0 0.00,

-D. 11571000 i 1.22
The 95% confidence intervals were calculated using Clopper.Pearson mcthodology.

AT=Antiihroinbin; No.=Nuinber; Pls.=Patients; CI=Confidence Inlervnl
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Non-inferiority of ATryn as compared to plasma AT, the current standard prophylactic
treatment ofHD patients in a high risk situation was established for each type of event, as
confirmed by the lower 95% confidence bound of the difference (plasma-ATryn) which is
2:-0.20.

One patient, suffered a DVT 10 days post-treatment, another a pulmonary embolism 14 days
after treatment. These were not regarded related to the study drug, as due to the short half life
of recombinant human antithrombin, it will have completely cleared from the circulation
approximately 2 days post-treatment and as such these thrombotic events may have been a
failure offollow-up anticoagulation rather then a failure of antithrombin replacement.

SUPPORTIVE CLINICAL EFFICACY DATA

One additional study on the assessment of the incidence ofDVT following prophylactic
administration of ATryn to hereditary AT deficient patients in high-risk situations was done
(GTC AT 1l 011-003). This was a retrospective collection of data from patients treated in a
compassionate use program for ATryn. The objective of this compassionate use treatment
series was to provide AT replacement therapy with ATryn during the supply shortage of
human plasma derived AT in the United States, specifically, to hereditary antithrombin
deficient patients with an acute need for AT replacement therapy in high-risk situations for
the development of thromboembolic complications.

Patients that qualified For compassionate use treatment were administered ATryn by bolus
(slow inlravenous push) injection. The goal of ATryn treatment was individualized to
maintain plasma AT activity levels within normal range (80-120% activity). Implicit with the
goal of maintaining AT activity levels within normal range was the prevention of new
thromboembolism. ATryn was administered by periodic intravenous bolus infusion.

The following formula was to be employed for each single or periodic dose of ATryn (in IU)
that was administered when the baseline AT level was known:

Desired AT Leve/(%) - Baseline or Current AT Leve/(%) . i UT. I (k
x Patient s rreig I1 gs)

i.5 (% increase per/inil rhAT)

Five patients, with i patient having 2 separate treatments were enrolled in the program and
data on their clinical coursc collected.

Five hereditary AT deficient surgical patients, who were at high risk for the occurrence of a
thromboembolic event, were treated with ATryn replacement therapy. All had a personal
history of thromboembolic events. One or tile 5 patients was treated a second time with
ATryn arter approximately a 4-week inLerval. See Table 17 for a description orthe
procedures.
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Table 17. Procedure/Diagnosis Information (Safety Population)

 

Baseline AT
Patient Activity Level
Type Procedure (%)

Surgical Two-vessel CABG 28

Surgical Laparoscopic 80
Splenectomy

Surgical Bilateral Hip 56
Replacement

Cesarean Section; 58
Pregnancy/Surgical Bilateral

Tubal Ligation

Surgical Supracervical 53*'
Hysterectomy

Surgical Left Total Knee 38*"*
Replacement

P::ticnt
Number

 

 

 

 

 

CABG Coronary Artery Bypass Grall
.. Same paiient, different surgeries

** Hisioricallevel, no baseline Icvel available .
*u Post trcatmeni value, no baseline level available

All patients werc observed for clinical signs and symptoms of thromboembolic events and 5
of the patients were specifically evaluated for DVT by duplex ultrasound. Neither DVT nor
any other thromboembolic event was diagnosed based on clinical symptoms or by duplex
ultrasound. In addition, dosing with ATryn resulted in an increase in AT activity level close
to and within the normal AT activity range. This study has also been published by Konkle et
al. (54). The data from this study provide additional evidence ofthc effcacy of ATryn for the
prevcntion of peri-operative and peri-partum thromboembolic events in hereditary
antithrombin deficient patients.

TREATMENT OF THROMBOEMBOLIC EVENTS

No ATryn-treated patient from the GTe AT HD 012-04 study experienced a thromboembolic
event during or up to 7 days post-treatment. The single patient from the GTC AT II 0 i 002
study who had an acute DVT during treatment with ATryn was the only one who was treated
accordingly by continuation of ATryn treatment together with LMWH and vitamin K
antagonists. This acute DVT was not associated with any clinical signs and symptoms
indicating such event. Whethcr this would havc become a clinically overt DVT if no protocol
mandated ultrasound was performed and therefore the acute DVT only would have been
detected when it became symptomatic, is uncertain. Treatment for acute DVT started before
symptoms wcre present and aOerward the patient remained asymptomatic for acute DVT.
This patient was successfully maintained within the target range of AT activity for most of
the time during the ATryn treaiment period. Moreover, to support the treatment of the acute
DVT, ATryn treatment was continued for an additional 6 days. The event eventually
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resolved. It is likely that this patient who had a hip replacement procedure, which has a high
risk of development of thrombosis, even without thrombophila, represents the portion of
thromboses nonnally seen in other studies with joint replacement surgery.

The use of antithrombin for the treatment of thromboembolic complications is a rational use.
Reports on HD patients with thrombosis that are treated with AT show a favorable outcome
(55). The indication for use of Throm bate II includes the treatment of thrombotic events.
The package insert of Throm bate II reports on the treatment of 8 patients with thrombosis of
which 7 were treated successfully. ATryn has been shown to have the same
pharmacodynamic actions as compared to plasma derived AT, together with the experience
in the one patient in the clinical study, supports the inclusion of the treatment of acute
thrombosis in hereditary AT deficient patients.

7.2 Acquired Antithrombin Deficiency

7.2.1 Heparin Resistance in Cardiopulmonary Bypass Patients

Cardiopulmonary bypass (CPB) is associated with substantial activation of the haemostatic
system. This is caused, amongst others, by the interface between blood and the large, non-
endothelial extracorporeal circuit. Elevated haemostatic activity associated with CPB may
induce a systemic inflammatory reaction and lead to clinical complications such as
hemorrhage, postoperative thrombosis, and organ dysfunction (56). Adequate anticoagulation
is a critical component of successful management orhaemostatic and inflammatory
responses associated with CPB. Heparin is commonly administered during CPB to achieve
systemic anticoagulation. Heparin alone has no direct anticoagulant effect, but it potentiates
the activity of AT. Heparin enhances AT mediated inhibition of coagulant enzymes more
than 1,000-fold. An inadequate response to heparin, known as heparin resistance (HR), has
been reported in up to 22% of patients undergoing CPB (57). Among risk factors for
developing HR during CPB, decreased AT levels present the greatest risk (58). ATryn has
been studied in clinical trials including patients with HR. However, HR is not being pursued
as an indication in this BLA filing.

Protocol AT 96-0801 was a phase 1- II, single dosc, open label, dose escalation study of the
safety of antithrombin alfa in patients scheduled for primary cardiac surgery requiring
cardiopulmonary bypass. The study was designed to test the safcty of administering
antithrombin alfa to patients who had been on heparin therapy for ;:12 hours prior to their
scheduled cardiac surgery. A total of36 patients participated in the sludy where 30 patients
received antithrombin alfa while 6 patients were managed with heparin alone to serve as the
comparative control group. One control patient was included in each ofthe first three dosing
cohorts, and ihree control patients were added (non-randomized) at the end of the study. All
patients received a pre-bypass, standard heparin-loading dose of300 IUlkg. For patients in
the first dosing cohorts (1 0, 25, 50, 75, i 00, 125, and 150 IVlkg) and the placebo dosing
cohort, additional heparin was administered as needed to maintain the heparin concentrations
at approximately 3.4 VlmL. For patients enrolled in subsequent dosing cohorts 150, 175, and
200 IU/kg, additional heparin was administered as needed to maintain the heparin
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concentrations between 1.5-2 IU/mL in order to maintain an activated clotting time (ACT)
;:480 seconds. Following the induction of anesthesia prior to the administration of heparin
and initiation ofCPB, intravenous antithrombin alfa was infused continuously over 30
minutes. Safety follow-up was done up to 1-2 months after treatment.

Protocol AT 97-0502 was a phase II, double blind, randomized, placebo controlled, multi-
center study of the safety and effcacy of antithrombin alfa in heparin resistant patients
scheduled for cardiac surgery requiring cardiopulmonary bypass. For identification of
heparin resistant patients, the investigators used the Hepcon Hemostasis Management System
with the Heparin Dose Response (HDR) cartridge as a screening device. Randomization
assignment was given only to those patients who's ACT remained below 480 seconds
following iv administration ofa total of 400 IU/kg of heparin. Fift-four patients were
randomly assigned to either antithrombin alfa (75 IUlkg) or nonnal saline placebo. Subjects
were followed for 4 weeks following surgery.

Protocol AT 97-0504 was a phase II, double blind, randomized, placebo controlled, multi
center study of the safety and effcacy of antithrombin alfa in heparin resistant patients
scheduled for cardiac surgery requiring cardiopulmonary bypass. For identification of
heparin resistant patients, the investigators used the Hepcon Hemostasis Management System
with the HDR cartridge as a screening device. Randomization assignment was given only to
those patients who's ACT remained below 480 seconds following iv administration ofa
total of 400 IUlkg of heparin. Fift-two patients were randomly assigned to either
antithrombin alFa (75 IU/kg) or normal saline placebo. The study was conducted at 6 study
centers. Subjects were followed for 4 weeks following surgery.

Protocol AT 97-0903 was a phase II, double blind, randomized, multi-center study
comparing recombinanL human antithrombin and human plasma antithrombin (hpAT) in
heparin resistant patients undergoing elective cardiac surgery requiring cardiopulmonary
bypass. Patients who had been on i V heparin for 6 or more hours prior to surgery were
eligible to participate. Randomization assignment was given only to those patients whose
ACT remained below 480 seconds afler receiving an initial loading dose of300 IUlkg
heparin iv. The study was conducted atl4 U.S. and European study centers. Approximately
270 patients were to be enrollcd in three dosing cohorts (90 per treatment arm); 15 IU/kg
antithrombin alfa, 75 IUlkg antithrombin alfa, and 15 IU/kg hp AT. Subjects were followed
for 4 weeks following surgery. Forty-seven patients received treatment before thc study was
closed. Reasons for closure of the study were twofold. The medical practice of treatment wiih
intravenous heparin prior to undcrgoing elecLive cardiac surgery, a requirement for study
enLry, had decreased significantly, thercby reducing the number of eligible study patients and
therefore, the Feasibility of completing thc Lrial. Additionally, discussions with several health
regulatory authorities resultcd in ihe realization that the clinical trial as designed did not
fulfillihe regulatory requircmcnts for licensure of the product.

Table i 8 provides a summary of the results of ATryn effcacy studies in the heparin
resistance indication.
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In the GTC AT 97-0502 Intent-To-Treat population, 22 of27 placebo treated patients
required the infusion ofFFP, while only 5 of26 ATryn treated patients required FFP prior to
initiation ofCPB. In the GTC AT 97-0504 Intent-To-Treat population, only 6 of28 ATyYn
treated patients required FFP prior to initiation ofCPB while 22 of24 placebo-treated
patients required the infusion ofFFP. The proportion of patients requiring the administration
of two units ofFFP prior to proceeding to CPB was significantly smaller (po:O.OOI) in the
ATryn treatment group compared to the proportion among placebo treated patients in both
studies. The same level of statistical significance was observed in each study when the
analysis was perfonned using the Per Protocol population.

Study GTC AT 97-0903 lacked the statistical power to allow for a complete and meaningful
analysis of effcacy.

The study results in acquired AT deficient patients provide additional support for the
pharmacodynamic action of ATryn in hereditary AT deficient patients. Patients with heparin
resistance were given ATryn to restore the response to heparin, providing suffcient
anticoagulation to initiate CPB. ATryn was very effective in restoring heparin resistance,
which provides additional evidence for the pharmacodynamic properties. Similar to acquired
AT deficient patients, hereditary AT deficient patients may be heparin resistant when they
are treated for an acute DVT or other acute VTE. Some patients do not reach an adequate
aPIT, or some who do still show progression of the clot. Plasma AT is used in such
situations as welL.

7.3 Safety of ATryn

Provided in Table 19 is a tabulation of the number of individual subjects and patients who
were enrolled and treated in clinical trials of ATryn. Included in the table are the number of
subjects/patients treated with ATryn, human plasma-derived antithrombin and placebo by
subject/patient population (i.e., ED patients, acquired AT deficient patients and normal
healthy volunteers). Thus, extent of exposure to ATryn in the HD patient population is 52
patients, 118 patients with acquired AT deficiency and 65 nonnal healthy volunteers for a
total exposure to ATryn of235 subjects/patients. Some of the subjects and patients were
exposed to ATryn on lwo separate occasions as shown in Table i 9 for a total of273 unique
exposures to ATryn of which 38 were from re-treatment. The duration between treatments
with ATryn ranged from 28 days to months. No subject or HD patieni was exposed to ATryn
on more than two occasions consistent with the rarity ofthe patient population. Likewise, the
patients with acquired AT deficiency were only treated once during cardiac surgery requiring
cardiopulmonary bypass.
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Table 19. Numbers Subjects and Patients Exposed to Alryn, hpAT and
Placebo

Patient TypcIrotocol Number of Patients

ATryn hpAT Placebo Tot:il ATryo
Trc:itment

Twice
All Paticnts 235 14 62 31 I 38
Hcreditary Deficicnt Patienis 52 0 0 52 I

GTC AT J1.009-00 15 0 0 15 0
GTe AT ir 01002 14 0 0 14 0
GTC AT II 01 1.003 5 0 0 5 i

GTC ATHD 012-04 18 0 0 18 0
Acquired Deficient Patients 118 14 57 189 0

AT 96-0801 30 0 6 36 0
AT 97-0502 27 0 27 54 0

AT 97-0504 28 0 24 52 0
AT 97-0903 33 14 0 47 0

Healthy Volunteers 65 0 5 70
GEN/G-9601 15 0 5 20 0
AT ~i-006-00 26 0 0 26 23
PKOII-04 24 0 0 24 14

The demographic characteristics data are summarized for the safety population in Table 20.
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Table 20. Demographic Characteristics (Safety Population)

Hereditary
Parameterl Deficient Acquired Deficient Healthy Voluntcers
Stalistics ATryn ATryn hpAT Placebo ATryn Placebo

Age (year)

" 53 118 14 57 102 5

Me"" 40.0 63.5 64.0 64.6 26.8 25.0
Median 36 64 67 65 23 25

Std. Dev. 13.8 9.6 10.1 10.1 7.6 2.7
Minimum 21 35 47 38 17 22
Maximum 74 81 82 86 44 29

S"
Male 12 (22.6%) 90 (76.3%) I I (78.6%) 42(73.7%) 56 (54.9%) 5 (100%)

Femalc 41 (77.4%) 28 (23.7%) 3 (21.4%) 15 (26.3%) 46 (45.1%) 0(0.0%)
Pregnant 22 (41.%) 0(0.0%) 0(0.0%) 0(00%) 0(0.0%) 0(0.0%)

Non-pregnant 19 (35.8%) 28 (23.7%) 3 (21.4%) 15 (26.3%) 46(45.1%) 0(0.0%)
Race

Caucasian 51 (96.2%) 115(97.5%) 14 (100%) 56 (98.2%) 71 (69.6%) 5 (100%)
African.American 0(0.0%) 3 (2.5%) 0(0.0%) 0(0.0%) 27 (26.5%) 0(0.0%)

Hispanic 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(1.0%) 0(0.0%)
Asian 0(0.0%) 0(0.0%) 0(0.0%) I (1.8%) 2 (2.0%) 0(0.0%)
Other 2 (3.8%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%)

Missing 0(0.0%) 0(0.0%) 0(0.0%) 0(0.0%) 1(1.0%) 0(0.0%)
Weight (kg)

" 53 118 14 57 102 5

Mean 79.0 78.5 82.1 76.5 71.7 70.3
Median 78 77 85 78 71 66

Std. Dcy. 19.I 14.6 10.4 13.6 11.0 10.1

Minimum 45 52 64 48 48 60
Maximum 140 1'5 105 104 96 84

Subjects/patients aged 17 to 86 have been included in studies with ATryn. HD deficient
patients were mainly female while acquired deficient patients were mainly male. This is
probably due to the fact that HD patients were mostly pregnant women and acquired
deficient patients were mostly elderly male patients undergoing cardiac surgery. Healthy
volunteers were, as expected, relatively young and fairly balanced with regard to gender. The
vast majority or patients were Caucasian. Weight was comparable among the types of
subjects/patients.
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Almost all hereditary and acquired AT deficient patients received some type of concomitant
medication. This is expected since they were treated around a surgical procedure or delivery.

For hereditar deficient patients, 52 patients (98%) had used concomitant medications.
Concomitant anticoagulant medication was used by the majority ofHD patients. Vitamin K
antagonists were used in 79% of patients and heparin group medication in 68% of patients.
All but 1 of the HD patients treated in the phase II studies GTC AT II 01002 and GTC AT
HD 012-04 used an anticoagulant during or within 7 days after stop of treatment with ATryn.

All i i 8 acquired deficient patients who received ATryn had used concomitant medications.
Heparin group medication was used in 87% of patients treated with ATryn. This was
comparable in the hpAT and placebo treated group.

Among the healthy volunteers who received ATryn, 30 (29%) had used concomitant
medications, with no concomitant medication (therapeutic category) used by more than 10%
of subjects. None of the 5 healthy volunteers who received placebo used any concomitant
medications.

All 52 hereditary deficient patients were treated with ATryn. Among them, 9 patients
received an intravenous infusion of 50 IV/kg, G patients received an iV infusion ofIOO
IUlkg, 32 patients received treatment by continuous infusion, and 5 patients received
multiple ATryn infusions one of which was treated on two separate occasions.

Among the 118 acquired deficient patients who received ATryn, 15 patients received an
intravenous infusion of i 5 IU/kg; 76 patients received 75 IUlkg; 6 patients received i 50
IUlkg; and the 10,25,50,100,125,175 and 200 IU/kg dose groups had 3 patients each.

Among the 65 healthy volunteers who received ATryn, there were 49 exposures to 75 IUlkg,
41 to 100 IUlkg; and the 10, 50, 150, and 200 IUlkg dose groups had 3 subjects each.

Table 21 provides the total ATryn dose (lU) for each patient type. Since ATryn is dosed per
kg body weight, dose per kg body wcight (IU1kg) is provided in Table 22. The vast majority
(72%) ofHD patients were treated with a dose of more than 10,000 IU, and more than half
(57%) of the HD patients was dosed with ::150 IUlkglday.

Table 21. Total ATryn Dose (IU) (Safety Population)

Number (%) ofPaticnls

3000- 6000- 10000-
Patient Type

-:000 JU ..6000 IU ..10000 IU ..0000 JU ;:OOOD IU Total
All Patients ?7 (9.9%) 100 (36.6%) 92 (33.7%) 27 (9.9%) 27 (9.9%) 273 (100%)
Hereditary 3 (5.7%) 6 (11.%) 6 (11.%) II (20.8%) 27 (50.9%) 53 (100%)
Deficient Patients
Acquired Deficieni 21 (17.8%) 49 (4i.%) 37 (3 1.4%) II (9.3%) 0(0.0%) 118(100%)
Patients
Healthv Volunteers 3 ?9%) 45 (44.1%) 49 (48.0% 5 4.9%) 0(0.0% 102 (100%)
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Table 22. Total ATryn Dose (IUlkg/day) (Safety Population)

Number (%) of Patients 

10-50 ;:50-100 :=100-150 ;:i~~/~oo ;:200 TotalPaticnt Typc lUlkø/dav IU/klY/diiv IUlk;';',v lUlk dav IUlkø/dav
All Patients 39 (14.3%) 176(64.5%) 19 (7.0%) 2I (7.7%) 18 (6.6%) 273 (100%)
Hereditar 9 (17.0%) 7 (13.2%) 7 (13.2%) 12 (22.6%) 18 (34.0%) 53 (100%)
Deficient Patients
Acquircd Deficient 24 (20.3%) 79 (66.9%) 9 (7.6%) 6 (5.1%) 0(0.0%) Il8 (100%)
Patients
Health Volunteers 6 (5.9% 90 (88.2%) 3 2.9%) 3 2.9% o 0.0%) 102 IOO%

Patients who were treated with human plasma AT were administered a single intravenous
dose of 15 IUlkg.

7.3.1 Hereditary AT deficient patients

7.3.1.1 Adverse Events in Treated Patients

Table 23 summarizes the number ofHD patients experiencing any trealment emergent
adverse events.

Table 23. Summary of Patients Experiencing Treatment-Emergent Adverse
Events. Hereditary Deficient Patients (Safety Population)

Category Overall Pregnant Male and Non-
(N=S3)d Female Pregnant Female

(N=22) (N~31)
Any Serious Adverse Event" 9(19%) 4 (19%) 5(19%)
Any Adverse Evenl 40 (76%) 17 (77%) 23 (74%)
Dcath 0(0%) 0(0%) 0(0%)
Any Severe Adverse Event 7 (13%) 5 (23%) 2 (6%)
Any Related Adverse Event",h 7 (15%) 3 (14%) 4(t5%~
Any Severe Related Adverse Event.. I (14%) 1 (5%) 0(0%)
Any Serious Related Adverse Event'" 2(2%) 1(5%) 1(3%)
Any Adversc Event Leading to Withdrawalo 0(0%) 0(0%) 0(0%)"I rolocol GTC AT III 01 1-003 was excluded bceiiusc senousness and rclaiionship mformalion \\en; not iivailablt:, so
denominators arc 47. 2 I, and 26 for ovenilt, pregiaii female, and male and non.pregnant female, respeclively.
b Rehiied includes possibly, probably, and definilely retated.
C ProlOtOI GTC AT II 01 1-003 \Vas excluded bceause an indic:tion of events leading 10 withdmw31 was not available.
d Onc patient treated on 2 occ¡¡sions is counted twkc

In hereditary AT deficient paiients, the rate of adverse evenls reported (76%) was expected
considering the fact that these patients were for the most part treated around the time of a
surgical procedure or delivery. The rate of serious and/or severe events ihough was low (19
and 13%, respectively). Only 7 of 47 patients (15%) reporied an adverse event that was
thought to be related to ATryn, but never lead to withdrawal from the study. No control anTS
were used in the studies in HD patients and therefore, the adverse evcnl rates can not be
compared with any controllreatmenl.
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Table 24 shows all treatment emergent adverse events that occurred in at least 5% of patients.

Table 24. Treatment-Emergent Adverse Events Reported by At Least 5% of
Hereditary Deficient Patients (Safety Population)

System Organ ClasslPrererred Term Staiistic ATryn
All N 53 Related N~ .

Blood and Lymphatic System Disorders
n (%)

7113.2' 010'Anemia
Gastrointestinal Disorders

Abdominal pain
n (%) 3 (5.7) 0(0)

Nausea ,4/,7.5l,
~ ~~~VomitinØ" 6 11.

Gcneral Disorders and Adminislration Site Conditions
Edema pcripheral n (%)

; ~;;~ ~ ~~~Pvrexia 3 5.7

Injury Poisoning and Procedural Complications
Incision site complications n(%) 5 (9;~

~ ~~~Procedural nain 3 (5.7
Musculoskeletal and Connective Tissue Disease

n (%)
J '5.7' 0'0'Pain in extrcmitv

Nervous System Disorders
n (%) 6111.' 010'Headache

Reproductive System and Breast Disorders
n (%)

J '5.7' 0'0'Vaninal laceration
Respiratory, Thoracic and Mediastinal Disorders

n (%)
315.7\ 010'Enistaxis

Vascular Disorders

Hematoma
n (%) 4 (7.5) 10(;O~)

Hvnoteiision 5 (9.4)
, .. -Siudy GTe A I II 01 1 003 has no relationship u...~cssmcnls a\lailabi~

The highest incidences of adverse events reported were in the body systems of
gastrointestinal disorders; general disorders and administration site conditions; injury,
poisoning and procedural complicalions; and vascular disorders, with events in these body
systems being reported in 30%, 26%, 26%, and 21 %, respectively, of patient exposures. The
most commonly reported adverse events were anemia (13%), vomiting (11 %), and headache
(II %). Only one of the more frequenlly reported advcrse events was assessed as probably
related to ATryn.

The reported adverse events reflect the fact that the patients (except those in the PK study)
were treated in the peri-operative and peri-partum period. The most frequently reported
events are common during those periods, with or without treatment with AT.

Table 25 provides a list of all severe adverse events reportcd, wiih their relationship and
whether they werc serious.
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Table 25. List of Severe Treatment-Emergent Adverse Events By System
Organ Class - Hereditary Deficient Patients (Safety Population)

System Orgari Class
Protocol 1 

Patient Number Prercrrcd Term Reported Term Serious Relation Outcome

Blood and Lymphalic System Disorders

AT 0 I 204  Anemia Unstable HCT/anemia No Not Recovered
Related

Gaslroinlesiiiial Disorders

AT 01204/  Intra.abdominal Intr-abdominal Yes Probablel Recovered
Hemorrhage Bleeding Definite

Injections and Infestatioiis

AT 01204  Enterobacter Sepsis Septicemia Yes Not Recovered
Enterobacter Cloacac Related

Injiiry, Poisoning and Procedural Complicalio1/s

AT 0 i 0021  Femur Fracture Traumatic Fracture of Yes Remote! Recovered
Left Fcmur Unlikely

Miiscidoskeleral and Col/nee/ive Tò'siie di.mrders

AT 01204  Muscle Spasms Muscle Spasm at RT No Not Recovered
Shoulder Related

Nen'o/ls Sysie/l Disorders

AT 0 i 002  Grad Mal Grand Mal Seizures Yes Remote! . Recovered
Convulsions Unlikcly

AT 0 1 204  Headache Headache No Not Recovered
Related

Pregnancy, Puerperiuii oiid Perinaral Condi/ions

ATOI00  Umbilical Cord Prolapse No Not Recovcred
Malformation Related

Reprodiicrii'e Sysle/l aiid Braasl Disorders

AT OI2041  Vaginal Laceration Vaginal Tcar No Not Recovcred
Related

Re~pirat01Y. Thoracic aiid Mediastinal Disorders

AT 01204/0  Pulmonary Bilater.l Pulmonary Yes Not Recovered
Embolism Embolism Related with

Seauelae
, , ' 'pregnant lcm:ilc, SlirglCill lcmillc, mille

There were seven patients (13%) who reported ten severe adverse events, of which only one
occurrence of intra-abdominal hemorrhage was considered related to treatment; the other
events were considered either not related or remote/unlikely to be related to treatment. For
fourteen patients (26%), the highest AE severity rating was moderate, fifteen patients (28%)
reported only mild adverse events and four patients (8%) reported all adverse events with
unknown severity. Among pregnant females, five patients (23%) reported seven severe
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adverse events. Among the males and non-pregnant females, two patients (6%) reported three
severe adverse events.

The serious treatment-emergent adverse events for hereditary deficient patients are listed in
Table 26. There were nine patients (19%) who reported a total of 13 serious adverse events.
Two events were assessed as potentially related to treatment (i.e., severe intra-abdominal
haemorrhage and moderate hemarthrosis). All others were considered either not related or
remote/unlikely related to treatment. Among pregnant females, four patients (19%) reported
six serious adverse events. Among the males and non-pregnant females, five patients (19%)
reported a total of seven serious adverse events.
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Table 26. List of Serious Treatment-Emergent Adverse Events By System
Organ Class - Hereditary Deficient Patients (Safety Population)

S .tell Oreall Class
Protocol I Pr:derrcd Reported
Patient Number Term Term Severity Relation Oulcome
Ga.çtrointeslinal Disorders
AT 01204/  Intra-abdominal Inlra-abdomimil Severe Definite/ Recovered

Hemorrhae:e Bleedinc: Probable
General Disorders aiid Administration Site Condiliolls
ATOlO02  Pyrexia Fever Unknown Moderate Not Recovered

Ori¡¡in Related
lniiirv, Po  nd Procedural Comolica/ions
AT01002  

I Femur Fracture
Traumatic Frncture Severe Remotcl Recovered
of Left Femur Unlikely

Infections and Iii estatioiis
AT I 204  Enterobacter Septicemia Scvcre No! Recovered

Sepsis Enterobactcr Related
Cloacae

Inves/if'ations
AT 1204  Hemoglobin Low Hemoglobin Moderate Nol

I RecoveredDecreased Level Related
Musculoskeletal aiid C01liecrive Tissue disorder.ç
AT 1204/  Hcmarthrosis Clinical Moderate Possible Recovered

Hcmarthrosis R
Knee

Nervous S stem Disorders

AT 0 I 002  Grad Mal Grand Mal Seizures Severe Rcmote! I Recovered
Convulsions Unlikelv

Resoira/orv. I1lOracic aiid i'vfediastinol Disorders
AT 1204  Pulmonar Bilateral Pulmonary Severe No! Recovered

Embolism Embolism Related with
SeCluelae

Va~'c/llo" Disorders
ATOI002/  Hypotension Hypotcnsion Moderate Remole! Recovered

.

Unlikelv
¡\T 01002  Wound Wound Hemorrhage Moderaie Remote! Recovered

Hcmorrhage Unlikelv
¡\ l 0 i 0021  Deep Vein Muscular Vcin Mild Remote/ Recovered

Thrombosis Thrombosis Len Unlikely
Uooer Leg

AT 01204  Deep Vein Popliteal Non- Mild Not Recovered
Thrombosis occlusive Thrombus Related

inRLE
¡\ T J 204  Hematoma Hemiitoma Moderaie Remole! Rccovcred

Unlikely
, - ,prc£.rianl rcmale, non pregnanl rcmale, male

The related treatment-emergent adverse events for hereditary deficient .patients are listed in
Table 27. There were seven patients (15%) who reported eight related adverse events. Only
severe intra-abdominal bleeding among a pregnant female was considered serious.
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Table 27. List of Related Treatment-Emergent Adverse Events By System
Organ Class~ Hereditary Deficient Patients (Safety Population)

Syi1eni Organ Class

Protocol I Preferred Reported
P3tient Number Term Term Serious Severity Relation Outcome
Gastrointestinal disorders

ATO 120  Intr- Intr- y" Severe Probable! Recovered
3bdominal abdominal Definite
Hemorrhal!e Blcedinl!

Genera   aiid Adminisrra/ion Sile Disorders

AT 009  Application site 2x2cm Red No Mild Probablel Recovered
pruritus Itchy Area At Definite

Lon
Antecubital
Fossa

ATOii04  Feeling Hot Feeling Hot No Mild Possible Recovered

ATI204  Non.cardiac Non.cardiac No Moderate Possible Recovered
Chcst Pain Chcst Pain

liivestigations

A T1204  Hcp3tic Abnormal No Mild Possible Recovered
Enzyme Liver Enzyme
Abnorm3l Tests AST 52

ALT77
A:luscidoskeletal aiid Col/nec/ive Tissue Disorders

ATI204  Hcm3rthrosis Clinic31 y" Moderate Possible Recovered
Hemathrosis R
Knee

Reiiol and Urinary Disorders

ATOI204/  Hcm3turia Microscopic No Mild Possible Rccovered
Hemaluria

Vascular Disorders

AT01204  Hematoma Anterior Rectus No Mild Probablel Recovercd
Hematoma Definite

. ,pregnanl female, non-pregnanl female, male
Note: Relaieù includes possibly, probably. and definitely relaied.

ATryn has not been slUdied in a prospective, comparative study with eilher placebo or an
active control arm (except for effcacy, where a historical control study with patients treated
with plasma derived AT served as the active control arm, Study GTC AT HD-R 013-04). A
comparison of the adverse event rates, seriousness and severity is therefore not possible. The
adverse events thaI have been reported, though, are what one would expect in a population of
patients that are treated during and just after a surgical procedure, or during and just after
delivery (either vaginal or through cesarean section). Frequently reported events as listed in
Table 24 may well be due to anesthesia (e.g. nausea, vomiting, hypotension), the surgery
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(e.g. abdominal pain), or delivery (vaginal laceration). Consistent with this, events have
rarely been assessed as related to the ATryn treatment by the investigators. Likewise, severe
and serious adverse events have occurred, but again, are as can be expected in patients
having surgery or delivery.

Events that have been assessed as potentially having a relationship with ATryn treatment as
presented in Table 27 do not indicate a particular safety concern. Each preferred term is only
listed once. However, a few of the events have as a common theme that these are different
types of bleeding (intra-abdominal hemorrhage, hemarthrosis, hematuria and hematoma, all
reported once as a related adverse event). Since ATryn is an anticoagulant, especially when
given concomitantly with unfractionated heparin (UFH) or low molecular weight heparin
(LMWH), this wouJd be consistent with the pharmacodynamic action oFthe drug. In the
phase 3 studies, ATryn was administered in almost every patient concomitantly with another
anticoagulant (see Table 13). Next to the surgical procedure or the delivery, these bleeding
events may therefore either be related to the concomitant anticoagulant, or due to the
combination of ATryn and the anticoagulant.

7.3.1.2 Neonates

Of the 22 neonates born from HD patients treated with ATryn, 10 were reported to have had
an adverse event, of which 2 were assessed as serious although none of the adverse events
were assessed as related to treatment with ATryn. Table 28 summarizes the data.

Table 28. Summary of Neonates Experiencing Treatment~Emergent Adverse
Events - Hereditary Deficient Pregnant Females (Safety
Population)

Category ATryn (N 22)
Any Serious Adverse Event 2 (9.1%)

Any Advcrse Event io (45.5%)
Death 0(0.0%)
Any Sevcre Adverse Event 2 (9.1%)
Any Related Adverse Evcnt 3 0(0.0%)
. ..Rcliiicd mcludes possibly, probabl). and definiiely relatcd.

The treatment-emergent adverse events reported by more than i neonate are summarized for
the safely population in Table 29. None of the reported adverse events in neonates was
assessed as related to ATryn lreatment.
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Table 29. Treatment-Emergent Adverse Events Reported by Greater than
One Neonate among Hereditary Deficient Patients (Safety
Population)

ATryn
System Organ ClassfPreferred Term Statistic 'N-íi;
Cardiac Disordcrs

n (%' 219.1%'Cvanosis
Hepatobiliar Disorders

n'%\ 2 (9.I%'Jaundice

Adverse events reported for the neonates born from' the pregnant HD patients treated in the
ATryn studies were all assessed as not related to the drug. Only single events have been
reported for most of them, except for cyanosis and jaundice which were reported twice each.
These are common events just after birth, and hence none of these, nor any of the other
events were assessed as related to ATryn.

7.3.2 Acquired AT Deficient Patienls

Table 30 summarizes the number of acquired AT deficient patients experiencing a treatment
emergent adverse event by treatment.

Table 30. Summary of Patients Experiencing Treatment-Emergent Adverse
Events - Acquired Deficient Patients (Safety Population)

ATryn hpAT Phicebo
Cateaorv IN-liS' '1-14 'N-57l
Anv Serious Adverse Event 29 24.6%) 3 (21.4%) 1 i 19.3%
Anv Adverse Event 111 94.1%' 12 85.7%' 53 93.0%
Death 3 2.5% 1 7.1%f i 1.8%
Anv Severe Adverse Event 25 (21.2%) 3 21.4%) 7 12.3%
Anv Related Adverse Evcnt n 20 (l6.9%'. 2 14.3% 6710.5%)
Anv Severc Related Adverse Event a 3 (2.5%\ i 7.1% o fO.O%'
Anv Serious Related Adverse Event" 5 4.2% 1 7.1% 0'0.0%'
Anv Adverse Event Leadinn to Withdrawal i 0.8%) if7.1% 0(0.0%), , .Related includes possibly, probably, and definitely related.

Almost all acquired AT deficient patients suffered an adversc event which is not unexpected
in CABO surgery patients. This is confirmed by the incidence ofihe occurrence of adverse
events in the hpAT and placebo groups. Three deaths occurred in the ATryn treated group,
all assesscd as not related to A Tryn. In the hpAT and placebo treated groups I death occurred
in cacho The incidence of related adversc events was a little higher in the ATryn treated
group compared to the placebo group, but nol the hpAT group. The incidence of related
serious adverse events was low and not very different from the other groups.

Table 3 i shows all treatment cmergent adverse events that occurred in at least i 0% of
patients in eilher treatment group.
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The most commonly reported adverse events were procedural pain (39% of patients),
hypotension (21 % of patients), pyrexia (19% of patients), atrial fibrillation (14% of patients),
nausea (12% of patients), pleural effsion (11% of patients), and post procedural hemorrhage
(10% of patients).

Table 31. Treatment-Emergent Adverse Events Reported by at Least 10%
of Acquired Deficient Patients in Either Treatment Group (Safety
Population)

ATryn hpAT Placebo
System Organ ClassPrercrrcd Term Statistic 1N~1l8) (N-I4) lN~s"
Cardiac Disorders

Atral Fibrillalion n (%) I7 (14.4) 3 (21.4) II (I9~;
Tachvcardia 6(s.n 0(0.0) 6 (10.5

Gastrointcstinal Disorders
n(%)

I J (22.81Nausea 14" 1.91 0(0.0)
General Disorders and Administration
Sile Conditions n(%)Pyrexia 22 (18.6) I (7.1) 14 (24.6)

Pain 6i5.1)' 2 (14.3) I (1.8)
Injury, Poisoning and Procedural
Complications

n (%)
Post Procedural Hem.orrhage I~ g02) 0(0.0) 2 (3.5)
Procedural Pain 46 39.0) 0(0.0) 22 (38.6'

Invesiigations
n (%) 6 ".n 0(0) 6 (10."Blood- l!lucose increased

Metabolism and Nutrition disorders
Hyperglycemia n (%) 6 (5.1) 3(21.4) 4 (7.0)
H~~okalemia . ;6.8\ 3(21.4) 2 (3.5)

Psychiatric Disorders
n (%)

4 (3.4) 6(10.5\Conrusional state 0(0)
Respiratory, Thoracic and Mediaslinal
Disorders n (%)

5 (8.8'Pleural Effsion 13(11.0) 0(0.0)
Vascular Disorders

Hypotension II (%) 25 (21.2) 5 (35.7) 4 (7.0l,
Hvocrtension 10(8.5) 2 (14.3) 9 (15.8

Table 32 provides a list of severe adverse events reported by at least 2 acquired deficicnt
patients treated with ATryn, with their relationship and whether they were serious. For
paticnts who received ATryn, no body system reported an incidence of severe advcrse events
of 1 0% or greater. The most commonly reported adverse events were post procedural
hemorrhage (3% of patients), hemorrhage (vascular body system, 3% of patients),
arrhythmia, myocardial infarction, cerebral infarction" and pleural effusion (each term
reported by 2% oFpaiients).
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Table 32. Severe Treatment-Emergent Adverse Events Reported by at
Least 2 ATryn Treated Acquired Deficient Patients (Safety
Population)

ATnn hpAT Placcbo
System Orgltn C1l1sslPrcrcrrcd Tcrm Statisiic fN=1l8\ fN-14 fN=571
Cardiac Disorders

Arrhythmia n (%) 2 (1.7%) 0(0.0%) 0(0.0%)
Myocardial Infarction n(%) 2 (1.7%) 0(0.0%) 0(0.0%)

Injury, Poisoning and Proccdural
eomplications

n(%\ 4 (3.4%\ 0(0.0%' 20.5%'Post Procedural Haemorrhnoe
Nervous System Disorders

" (%) 2 (J .7%) 010.0%) 010.0%)CerebrallnfarcLion
Rcspiratory, Thoracic and Mediastinal
Disorders

" (%) 2 (1.%) 010.0%) 0(0.0%)Pleural Effsion
Vascular Disorders

n (%) 0(0.0%' 1(1.8%'Haemorrhaoe 3 (2.5%)

The related serious Lreatment-emergent adverse events for acquired deficient patients are
listed in Table 33. For patients who received ATryn, there werc seven patients (6%) who
reportcd eight related serious adverse events, from which all of the patients recovered. For
patients who received hpAT, there was one patient (7%) who reported two related serious
adverse events, from which the patient recovered. No placebo patients reported any related
serious adverse events.
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Table 33. List of Related Serious Treatment-Emergent Adverse Events _
Acquired Deficient Patients (Safety Population)

System Organ Class
Protocol f .

Patient
Number Treatment Preferred Term Reported Term Severity Relation Outcome

AT n
Vascular Disorders
AT 0502 f ATryn Hemorrhage Persistent Blceding Severe Possible Rccovered

 751UIki:
AT 0504 1 ATryn Hcmorrhage Diffse Bleeding Severe Probable Rccovered
05-010 75IVIk.

AT  1 ATryn Hemorrhage Increased Bleeding Moderate Possible Recovcred
 751UIki:

liiilfrv, Poisoninrr and Procedural Com licatioiis
AT 05041 ATryfl Post Proccdural Severe Postoperative Scvere Possible Recovered

 751U/k1i Hemorrhaiie Bleedinii
  1 ATryn Post Procedural Bleeding From Chest Modcrate Possible Recovered

 151UIke. Hemorrha e Tubc
¡"l'esliI!olions
AT 0504 I ATryn Hemoglobin Decreasc Oflne Severe Possible Recovered

 75 TUlkg Dccreased Hemoglobin To A
Minimum OrG.s ~dL

hpAT
p, liiarric Disorders
AT 0903 1 hpAT I Hallucination I Hallucinations Severe Possiblc Recovercd

 151Ulkg Acute Ps chosis I Acute Psvchosis Severe Possible Recovcred

The related treatment-emergent adverse events for acquired deficient patients are
summarized in Table 34.
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Table 34. Related Treatment-Emergent Adverse Events - Acquired Deficient
Patients (Safety Population)

ATryn hpAT Placebo
System Organ Classreferred Term Slalistic (N= 118) (N = 14) (N=5?)
Blood and Lymphatic Systcm Disorders

n(%) 0(0.0) o ro.O\Hemorrhagic Diathesis 1 (0.8)
eardiac Disorders

Atral Fibrillation n(%) 0(0.0) 0(0.0)
: ~: .:~Ventricular Extrasvstolcs 0(0.0) 0(0.0) 1 L.8

Eye Disorders
n(%)

o ro.O\Visual Disturbance 0(0.0) I (7. I)
Gastrointestinal Disorders

n(%)Nausea 1 (0.') 0100) 1 (1.8)
Infections and Infestations

n(%)Urethritis 1 (0.8) o ro.O) 010.0\
Injury, Poisoning and Procedural eomplications

Operative Hemorrhage 1 (0.8) 0(0.0) 0(0.0)
Post Procedural Hcmorrhage n(%) 6 (5.1) 0(0.0) 0(0.0)
Proccdural Pain 0(0.0) 0(0.0)

: ~~~~Wound Secretion 5 i4.2) 0100) o 0.0

Investigations
n(%)

o ro.o'Hemol"lobin decrcascd I (0.8) 0(0.0)
Psychiatric Disorders

Acute Psychosis n (%) 0(0.0) i (7.1)
~ ~~.~~Hallucination 010.0) 1 (7.1) o 0.0

Urinar System Disorders

Urethral Hemorrhage n(%) I (0.8) 0(0.0) 0(0.0)
Rcnal Failure 1 10.8) 0(0.0) 0(0.01

Vascular Disorders
Hematoma

n (%) I (0.8) 0(0.0) 0(0.0)
Hemorrhage 5 (4.2) 0(0.0) 2 (3.5)
Hvnotension o io.O) 0(0.0) i 1.8)

Note. Relaied includes possible, probable. and definite rclatcd.

The most commonly reported ATryn related adverse events were events of different types of
hemorrhages and wound secretion.

Acquired deficient patients in the ATryn studies were all treated when going on
cardiopulmonary bypass pump For cardiac surgery, a procedure associated with significant
morbidity by itself. This is reflected in the number and types of events reported in these
patients. The event rates found in ATryn treated patients can be compared with the control
anns, but the interpretation of any differences needs to be done cautiously. The number of
plasma AT treated patients is very small (n=14), so incidence rates are not reliable in this
treatment group. The placebo group is still small (n=57), but more suitable for comparison of
event rates. Moreover, although these siudies were blinded, the overwhelming response rate
in the ATryn treated group may have provided the investigators a hint as to what treatment
group the patient was assigned to, potentially biasing the assessmenl of adverse events.
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Comparing frequently reported adverse events (reported in 10% or more of the patients,
Table 31), there are a few that seem to appear more frequently in the ATryn treated group as
compared to the placebo group. These are post procedural hemorrhage (10% vs. 4%), and
hypotension (21 % vs. 7%). Severe post procedural hemorrhage, however, was reported at a
low, but similar rate for the ATryn and placebo group (3% and 4% for the ATryn and
placebo group respectively, Table 32), indicating that the majority of the post procedural
hemorrhages were not severe in nature. Severe hypotension was reported only once for each
treatment group. Three events of severe hemorrhage (not further specified) were reported for
the ATryn group (2.5%) and 1 for the placebo group (1.8%). Given the small numbers, no
conclusion can be drawn from this.

Six serious adverse events, assessed as related to ATryn, were reported for 5 acquired
deficient palients (Table 33). These were all some type of bleeding, except for one case of
decrease in hemoglobin. No related serious adverse events were reported for the placebo
group.

When comparing the reporting rate of all related adverse events (Table 34), only post-
procedural hemorrhage and wound secretion appear to be reported more frequently in ATryn
treated patients as compared to placebo treated patients (5% vs. 0% and 4% vs. 0%). Related
events of hemorrhage are reported at a similar rate for both groups (4% for both). Taken
together all types of related bleeding events, the rate for the ATryn treated group would be
12% vs. 4% in the placebo group.

7.3.3 Healthy Volunteers

Table 35 summarizes the number of healthy volunteers experiencing treatment emergent
adverse events.

Table 35. Summary of Patients Experiencing Treatment-Emergent Adverse
Events - Healthy Volunteers (Safety Population)

ATryn Placebo

Category (N~102)" (N~S)
Any Serious Adverse Event 0(0.0%) 0(0.0%)

Any Adverse Event 57 (55.9%) I (20.0%)

Death 0(0.0%) 0(0.0%)

Any Severe Adverse Event 0(0.0%) 0(0.0%)

Any Related Adverse Event 25 (24.5%) i (20.0%)

Any Severe Related Adverse Event 0(0.0%) 0(0.0%)
Any Adverse Event Leading to Withdrawal i (1.0%) 0(0.0%)

, Subjecis lremed on 2 occasions (n=37) are counied iwice
b Relilied includes possibly, probably, amI ddiniteJy rclatci..

A little more than half oFthe volunteers experienced adverse events, while none ofthe
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healthy volunteers experienced serious or severe adverse events. Approximately half oflhe
reported adverse events were assessed as related (25% of healthy volunteers). Only one case
led to withdrawal from the study.

The treatment-emergent adverse events reported by at least 5% of healthy volunteers are

summarized for the safety population in Table 36.

Table 36. Treatment-Emergent Adverse Events Reported by At Least 5% of
Healthy Volunteers (Safety Population)

ATryn Pla~e~o
System Organ Class/p..eferred Term Statistic 1N~102) IN~
General Disorders and Application Site Conditions

n(%)
6 (5.9) 0(0.0\In.cction Site 8ruisinl'

Nervous System Disordcrs
Dizziness n(%) 8 (7.8) 0(0.0)
Headache 20 i19.6) 0(0.0)

Respiratory, Thoracic and Mediastinal Disorders
n(%)

6 (5.9\ 0(0.0\Cou!!h

Highest incidence of adverse events was in the body system of nervous system disorders.
Headache was reported in 20% of healthy volunteers. Comparison with the placebo treatment
is limited due to the small number of subjects. Application site bruising was the only reported
adverse event in the placebo treated subjects. Therc were no serious or severe treatmenl-
emergent adverse events reported for healthy volunteers.

Related treatment-emergent adverse events reported in 3 or more healthy volunteers are listed
in Table 37. Headache was the only related treatment-emergent adverse events reported by
more than 5% of healthy volunteers who reccived ATryn.

Table 37. Related Treatment-Emergent Adverse Events Reported in 3 or
More Subjects - Healthy Volunteers (Safety Population)

ATryn Placebo
System O..gan Class/Prefe....ed Te..m Stlltistic (N:= 102) (N ~5)
Gastrointestinal Disorders

n (%)Nausea 4 (3.9) 0(0.0
General Disorder. and Administration Site Conditions

n(%)Injection Sitc Bruising 5 (4.9) 0(0.0\
Ncrvous System Disorders

Dizziness n (%) 3 (2.9) 0(0.0)
Headache II iio..) 0(0.0)

A comparator for ATryn has only been used in one PK study with healthy volunteers, with a
total of 5 subjects receiving placebo. Therefore, comparing incidence rates of adverse events
between placebo and ATryn is not feasible.
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Adverse events reported in ~% or more of the healthy volunteers were injection site bruising,
dizziness, headache and cough. All of these are commonly seen in phase I studies with
healthy volunteers. About half of the events were assessed as possibly related to ATryn
treatment. None of the events was assessed as serious and/or severe.

Leitner JM el al. (59) is the publication ofa physician-sponsored trial that was a randomized,
double-blind, placebo-controlled study in parallel groups enrollng 30 healthy male
volunteers. The active treatment groups received infusions of antithrombin alfa to increase
antithrombin levels to 200% and 500% before infusion of2 nglg endotoxin (LPS).
Objective was to test the hypothesis that infusion of antithrombin alfa without concomitant
heparin would have dose-dependent anticoagulant properties and potentially decrease
endotoxin (lipopolysaccharide (LPS))-induced cytokine production. The main study was
preceded by a pilot study, where 4 adult male subjects were treated in a cross-over fashion
with antithrombin alfa 130 Ulkg loading dose & 30 Ulkg/ maintenance dose or saline
placebo.

None ofthe volunteers experienced any severe or serious adverse events. No subjects were
withdrawn because of an AE. One subject in the pilot trial and one in the main trial
developed a mild hematoma on the venipuncture site, which lasted for 5 and 3 days,
respectively. Although hematomas are common side effects due to blood drawing, a relation
of the intensity and duration of the lesions to ATryn though classified as mild cannot entirely
be excluded. One subject developed an exanthema 3 days after the administration of the
study medication. The exanthema was mild, self-limiting (lasting for 9 days), affecting the
stem, groins, elbows and hair line. The volunteer was seen by the dermatologist, who
classified the exanthema as presumably virus related. The symptoms were treated with
2 x 50 mg diphenhydramine per day for 4 days. A relation with ATryn cannot entirely be
excluded.

7.3.4 Immunogenicity

As with all recombinant proteins, and sometimes also plasma derived proteins (e.g. plasma
derived factor VIII), antibodies directed against the recombinant protein or any of the
contaminants may bc generated by the patient that is treated with the drug product. For
ATryn, antibodies can potentially be generated against antithrombin alfa or contaminating
goat milk proteins, including goat AT. Additionally, there is a risk that antibodies against
antithrombin alfa cross react with endogenous, Le. human plasma AT (hpAT) due to the
homology of the molecules. Therefore, assays to detect antibodies against antithrombin alfa,
hpAT, goat AT and goat milk protcins were developed and used in the clinical development
of ATryn. The presencc of activity neutralizing antibodies was evaluated using a validated
thrombin inhibition assay as a surrogate for a neutralizing antibody assay.

7.3.4.1 Anti-antithrombin alfa IgG and IgM Assays

In the clinical studies, a total of235 individuals were treated with ATryn on one (197) or two
(38) occasions (Table 38). Although most subjects, including those who reccived placebo
infusions, were evaluatcd with the immunoassays, only the number of subjccis treated with
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antithrombin alFa are indicated in Table 38. Dosing was done by single injection, multiple
daily injections or continuous infusion. These individuals were healthy volunteers or subjects
with hereditary or acquired antithrombin deficiencies (HR patients undergoing CABG).

There were no clinical immunological reactions noted in any of the clinical trials. There have
been no clinical symptoms of hypersensitivity, infusion reactions, autoimmunity or loss of
effcacy. Only 1 of the 222 evaluable treated subjects developed an apparent non-specific
IgG response to antithrombin alfa (Table 38). The specificity of this observed reactivity is
questionable due to the very short time period between ATryn first exposure and the
development of an IgG antibody response that reacted with denatured antithrombin alfa,
hpAT and hSA. Based on the inconsistent results from the various confirmatory assays, it
cannot be concluded that there is a confirmed specific IgG immune response to antithrombin
alfa in this patient. None of the 93 treated subjects evaluated for an IgM antibody developed
a confirmed IgM response to antithrombin alfa.
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7.3.4.2 Inhibition of Antithrombin Activity

If ATryn treated individuals had mounted an immune response to AT (either anti-
recombinant or anti-goat AT antibodies that cross reacted with the endogenous human AT)
that is also inhibitory to the activity of the AT molecule, it would present as a decrease in the
activity of their endogenous AT.

In the HD studies, AT activity was measured on plasma samples by validated automated
thrombin inhibition assays. AT activity levels in all treated individuals returned to baseline
and remained at these levels at 30, 60 and/or 90 days following treatment. This finding
further substantiates the absence of an antibody response to ATryn or potenlial contaminating
goat AT that neutralizes AT activity or fosters the clearance of endogenous AT from the
circulation.

7.3.4.3 Immunodot Blots

None of the samples from the 42 ATryn treated subjects evaluated by immunodot blots (27
HD effcacy, 1 compassionate use and 14 subjects treated twice in GTC AT PK ATOi 1-04)
showed any evidence of the induction of antibodies to potential contaminating goat milk
proteins, including goat antithrombin. Some nonnal human serum samples and some ATryn
treated subject samples contained cross-reacting antibodies that reacted against the goat milk
protein antigens prior to antithrombin alfa infusion. However, these background signals did
not change significantly in the treated subjects after exposure to ATryn, indicating the
absence of an ATryn induced immune response to any potentially contaminating goat milk
proteins in these individuals.

7.3.4.4 Overall Discussion and Conclusions Regarding PIR Resulls

The absence of a confirmed specific immune response in ATryn trcated individuals suggests
that antithrombin alfa is immunologically tolerated. Heterozygous congenital deficient
patients have a relatively high residual native AT activity (40-60%). There have been reports
of a very rare number of homozygous Type I AT deficient individuals that have died soon
after birth, since the complete absence of AT appears to be incompatible with life. In Type 1
AT deficiency, patients have rcduced levels (-50%) of immunologically and functionally
determined AT, a true physiologic deficiency state where both activity and antigen are low.
In most Type II deficient individuals, Functionally determined AT is reduced (-50% in
heterozygotes) but there may be a low to normal level of immunologically detcnnined AT.
These patients have both normal (active) and abnonnal (many are inactive or have altered
activities) AT molecules. It is therefore not anticipated that supplementation of HD patients
with either plasma derived or recombinant AT will lead to antibody production in either of
these HD types. This is a major distinction as compared to, for example, factor VII
deficiency.

Even rarer are the homozygous Type II deficient individuals with mutations in the heparin
binding region or the substrate binding domain. These individuals may appear normal by
antigen screening. Since none of these patients have null or 100% severely truncated forms
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of AT, human AT is not a new antigen for them. This is corroborated by the fact that to our
knowledge, no publications have described the occurrence of human antibodies directed
against endogenous human AT or exogenously administered hpAT concentrates (which
might be perceived as foreign in Type II homozygous individuals).

Several factors may confer an immunologically "privileged" status on the AT molecule:

. It is known that the glycosylation pattern of antithrombin alfa differs from that found

on plasma derived AT. However, the glycans present on antithrombin alfa are the
incompletely processed forms found in the normal mammalian glycosylation
pathway. This is the same pathway present in the human body, and some of those
intermediates would also be present in the human circulation. It is very unlikely
therefore that any immune response would be generated to glycosylation
intennediates. Gal a 1,3 gal linkages are responsible for immune reactions in some
humans receiving recombinant Cetuximab (60) or porcine organ transplants. No gal a
1,3 gal linkages have been detected in antithrombin alfa. Thus, although there is a
difference in the glycosylation pattern of antithrombin alfa, there should not be an
immune response due to these carbohydrate differences.

. In vitro, antithrombin alfa and hpAT reacted similarly in ELISA and Western blot

assays (61). Monoclonal and polyclonal antibodies raised to each protein, cross-react
with each other and the molecules have proved so far to be immunologically
indistinguishable. This is not surprising since they have identical amino acid
sequences.

. Antithrombin is a serpin that performs a number of functions in the body and that
undergoes several conformational changes during its lifetime in the circulation,
thereby exposing different epitopes of otherwise buried amino acid residues when in
these different conformations. The conformational changes that take place during
binding to heparin and the subsequent binding to thrombin provide wide significant
alterations to the protein. This is highlighted by the circular dichroism profie changes
seen upon heparin binding. In addition, the various isoforms of pre-latent, latent and
hetero-dimeric and cleaved antithrombin occur in the normal metabolism of the
human circulation. The antithrombin molecule may be "privileged" in that the human
immune system may be tolerant of the many expected altered forms of the molecule.
This would help to insure a minimal response to any antithrombin with the wild-type
amino acid sequence.

In conclusion: on the basis of the collective body of laboratory and clinical data, no patients
havc developed a confirmed immune response to ATryn nor have any patients exhibited
clinical signs of any immune response to ATryn.

Nevertheless, considering the infrequency with which patients may require treatment with
ATcyn on more than one occasion and given (he relatively limited number of patients who
have already been exposed to ATryn in clinical trials, the only way to gather additional
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clinical data assessing the immunogenic potential of ATryn, especially in those patients
requiring re-exposure to ATryn, is in a post-marketing setting. Thus, the Applicant intends to
implement a patient registry in which physicians may collect serum samples from patients
treated with ATryn and have the samples analyzed for the development ofJgE, IgM and/or
IgG antibodies to recombinant human antithrombin. Testing of the serum samples for
antibodies to recombinant human antithrombin wil be offered as a free service to physiciansand patients. .
Based upon the total body of data from clinical trials of ATryn which have been performed in
normal healthy volunteers, patients with congenital antithrombin deficiency and patients with
acquired antithrombin deficiencies, as well as published data on patients treated with human
plasma-derived antithrombin, it is not expected that patients wil develop antibodies to either
the recombinant or human plasma~derived antithrombin. However, to develop such evidence
and provide reassurance to physicians and patients, the Applicant plans to conduct a post-
marketing immunosurveil1ance study in 50 patients or over a period of five years, whichever
occurs first.

7.3.5 Safety Conclusions

The safety database for ATryn contains data on 235 subjects/patients that have been exposed
to ATryn on at least one occasion. Addilionally, data are available on 38 of these
subjects/patients who have been exposed on two separate occasions to ATryn.

Except for the healthy volunteer studies and the phannacokinetic study in HD patients,
treatment with ATryn was given to patients during surgical procedures and/or in the peri-
operative period, as well as during the peri-partm period to pregnant women. The type of
adverse events reported in the clinical studies with ATryn reflects this, i.e. events often
associated with surgery and delivery were reported. Of note is that the surgical procedures in
acquired AT deficient patients were CABa surgery with use ofCPB, and also HD patients
had major surgical procedures performed when in the studies. Delivery also included
Cesarean sections. Additionally, the pharmacodynamic action of ATryn is anticoagulation,
especially when concomitantly given with heparin group anticoagulants. Combined use of
AT and heparin (either unfractionated or low molecular weight heparin) during and just after
surgery and delivery increases the risks of hemorrhagic complications. Among the reported
events assessed related to ATryn are also hemorrhagic events of differcnt kinds. The rate,
though, seems in line with what can be expected in the populations studied. Comparison with
the control arms in studies where applicable is diffcult due to the relatively small numbers
studied.

Other minor events reported are infusion site reactions and some other events generally seen
in clinical trials, like headache, erythema, dizziness, etc. In general, it can be concluded that
ATryß was well tolerated.

Assays have been developed and used for detecting any antibodies to antithrombin alFa or
potentially contaminating goai milk proteins, including goat AT. No confirmed speci ric

Page 83



Briefing Document
Blood Products Advisory Committce
ATryndD (Antithrombin III (Recombinant)) for Injection

GTe Bioihernpeutics, Inc.
03 Dcccmber 2008

immune reaction to any of the components of ATryn has been detected during the clinical
development.

As opposed to plasma-derived antithrombin concentrates, there is no risk for transmission of
any human blood-borne diseases by ATryn. No transmission of these viruses, nor any of
animal origin, have been reported in any of the subjects/patients treated in the studies.

Table 39 provides an overview of all treatment~emergent adverse events reported as possibly
related to ATryn, hpA T or placebo in any of the studies, in any of the patients.

Table 39. Related Treatment-Emergent Adverse Events - All Patients
(Safety Population)

Numbcr of Patients 

System Organ CI;iss I Preferred Term Statistic ATryn hpAT PI:icebo
(N~27) (N~I4) (N=62)

Total n(%) 54 (19.8) 2(14.3) 7 (11.)
Blood And Lymphatic System Disorders

n(%)
I (0.4)

Hemorrhagic Diathcsis i (0.4)
eardiac Disorders I ( 1.6)

Atrial Fibrillation n (%) I ( 1.6)

Ventricular Extraystoles I ( 1.6)

Eye Disorders
n (%)

I (7.1)
Visual Disturbance 1(7.1)

Gastrointestimil Disorders 7 (2.6) I ( 1.6)

Gastroesophageal Rcflux Disease
n (%)

I ( 0.4)
Intra-abdominal Hemorrhage 1(0.4)
N= 5 ( 1.8) I ( 1.6)

Gcncral Disorders And Administration Site 14 ( 5.1) 1 ( 1.6)

Conditions

Application Site Bruising
I ( 1.6)

Application Site Pruritus I (0.4)
Chest Pain I (0.4)
Feeling Hot 3(1.1)
Infusion Related Reaction I (0.4)
Infusion Site Erythcma n (%)

2(0.7)
Infusion Sitc Rash 2 (0.7)
Infusion Site Swelling I (0.4)
Injection Sitc Bruising

5 ( 1.8)

lnjcction Site Discomfort I ( 0.4)
Injection Site Pain 2(0.7)
Non-cardiac Chesl Pain I (0.4)

lnfcctions And Infestations
n (%)

I ( 0.4)
Urethritis i ( 0.4)
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Table 39. Related Treatment-Emergent Adverse Events - All Patients
(Safety Population)

Number orPatients

System Organ Class I Prelerred Term Statistic ATryn hpAT Placebo
(N=273) (N=14) (N=62)

Injury, Poisoning And Procedural Complications 12 (4.4) I ( 1.6)

Opcrative Hemorrhagc i (0.4)
Post Procedural Hemorrhage n(%) 6 (2.2)
Procedural Pain I ( 1.6)

Wound Secrction 5 ( 1.8)

Investigations 2(0.7)
Hemoglobin Decrcased n(%) I ( OA)

Hepatic Enzyme Abnonnal I (0.4)

Musculoskeleial And Connective Tissue Disorders I ( OA)

Hemartosis n (%)
I (OA)

Nervous System Disorders 14 (S.I)

Dizziness 3 ( 1.)
Dysgeusia n (%) i (OA)

Headache II ( 4.0)

Hypoaesthesia I (0.4)

P~ychiatric Disorders I (7.1)
Acute Psychosis n (%) I (7.1)
Hallucimition i (7.1)

Rcnal And Urinar Disorders 2 (0.7)
Hematuria i (OA)

Renal Failure
n (%)

i (0.4)
Ureihral Hemorrhage i (0.4)

Skin And Subcutaneous Tissuc Disordcrs
n (%)

I (OA)

Erythema i (OA)

Vascular Disorders 8 (2.9) 3 ( 4.8)

Hematoma 2 (0.7)
Hemorrhage n (%) 5 ( 1.8) 2 (3.2)
Hypoiension I ( 1.6)

Pa1tor I (0.4)

Many of the related events are only reported once or twice. Some relevant groupings can
however be done. All cvcnts that are of some type ofbleeding/emorrhage could be grouped.
These are hemorrhagic diathesis, intra-abdominal hemorrhage, operative hemorrhage, pOSl-

procedural hemorrhage, hemarthrosis, urethral hcmorrhage and hemorrhage. For ATryn
treated patients these events are reported in a total of 16 (6%) patients. These were not
reported in hpAT treated patients and for 2 (3%) placebo treated patients.
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Another relevant group of events are the injection site reactions. Application site pruritis,
infusion site eryhema, infusion site rash, infusion site swelling, injection site bruising,
injection site discomfort, injection site pain were reported in a total of 15 (5%) ATryn treated
patients. Application site bruising was reported in 1 placebo treated patient.

For the package insert, it is normally requested to formulate a relevant cut-off of the
incidence of related adverse events to be listed for information of the treating physician.
However, due to the relatively small size of the database, no relevant cut-off seems to be
possible. Therefore, it is proposed to report all adverse events assessed as related to ATryn
treatment, while using the grouping of events as discussed above.

The following list of adverse reactions will be presented in the package insert:

Gastrointestinal Disorders
Nausea (5)
Gastroesophageal Reflux Disease

General Disorders And Administration Site Conditions
Infusion site reaction (15)
Chest Pain
Feeling Hot
Infusion Related Reaction
Non-cardiac Chest Pain

Infections And Infestations
Urethritis

Injury, Poisoning And Procedural Complications
Wound Secretion (5)

Investigations
Hemoglobin Decreased
Hepatic Enzyme Abnormal

Nervous System Disorders
Headache (II)
Dizziness (3)
Dysgeusia
Hypoesthesia

Renal And Urinary Disorders
Hematuria
Renal Failure

Skin And Subcutaneous Tissue Disorders
Erythema

Page 86



Briefing Document
Blood Products Advisory Committce
ATrynli (Antithrombin II (Recombinant)) for Injection

GTC Biothcmpeutics, Inc.
03 December 2008

Vascular Disorders
Hemorrhage (16)
Hematoma (2)
Pallor

7.4 ATryn - Fulfillng an Unmet Medical Need

ATryn addresses an unmet medical need for a safe and effective recombinant DNA-derived
alternative to the current human plasma-derived antithrombin III product, Thrombate moo.
The safety and effcacy of ATrynoo has been established based upon the outcomes of the
clinical trials (i.e., active and historical cohort studies) presented in this document, and which
have been discussed and agreed upon with CBER.

The need for a non-plasma derived alternative is based upon patient preference as well as a
concern, however small or large, about the potential risk of transmission of infectious agents,
such as viruses and prions, from pools of human plasma. ATryn does not carry the risk of
transmission of viruses derived from human plasma, such as HIV, hepatitis C, and human
palVO B i 9 or prions known to infect man such as CJD or new variant CJD. The robust
ATrynOO manufacturing process has been extensively validated to demonstrate the

removal/inactivation of potential viruses, as well as prions even though the herd of goats
from which antithrombin alfa is derived, has been and remains certified scrapie-free by the
USDA, i.e. a strictly controlled source. The latter being the weakest link for plasma derived
products.

Finally, while it is presently claimed that Thrombate IJoo is available in the U.S. marketplace,
this has not always been the case (as proven by thc compassionate use program that existed
for ATryn when Thrombate moo was not available) and there is no guarantee that this product
will be readily available in the future. Increased dcmands of other plasma derived products,
an~ implementation of more restrictions on donor selection, may again lead to a product
shortage. GTC Biotherapeutics, Inc. has established through use of recombinant DNA
technology a dedicatcd, steady and reliable source of antithrombin alfa which may be made
available unrestricted to physicians, pharmacists and distributors alike. Guaranteeing
continuous availability of product in the marketplace also fulfills an unmct medical need.

7.5 Benefit to Risk Assessment

ATryn's active ingredient (antithrombin alfa) is the rccombinant fonn of the naturally
occurring antithrombin protein. The proposed indication for ATryn is similar to how the
plasma derived form of antithrombin has been used for a long time. Plasma AT has
historically becn uscd to restore plasma AT activity levels and by doing so reducing the risk
of development of venous thromboembolic complications in patients having a genetic defect
that makcs them deficient for AT, as well for the trcatmcnt of any venous thromboembolic
complications that do occur.

Pharmacology studies have shown that antithrombin alfa has very similar pharmacodynamic
properties as comparcd to the naturally occurring form. This is true for both its ihrombin
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inhibitory as well as its anti~inflammatory properties. The main difference having
implications for the clinical use of ATryn is the shorter half life of antithrombin alfa. Given
the same phannacodynamic properties though, the same goal of treatment for ATryn could
be maintained, which is to achieve plasma AT activity levels in the normal range of80- I 20%
ofnomial.

Consistent with the situation with development of orphan drugs, the clinical effcacy and
safety database for ATryn in the proposed indication is limited due to the rarity of the
disease. Nevertheless, effcacy has been established by comparing the data from two
prospective ATryn studies with an active control arm. This control ann consisted ofa
historical control group ofHD patients treated in the past with a plasma-derived AT
concentrate. Non-inferiority of ATryn was established in this comparison. The occurrence of
one VTE in an ATryn-treated patient from this trial is not unexpected. Prophylactic treatment
with AT is aimed at bringing the risk for the development ofa VTE to the proportions that
are seen in e.g. other studies with joint replacement surgery. It is likely that this patient who
had a hip replacement procedure, which has a high risk for development of thromboses, even
without thrombophilia, represents this small proportion of treatment failures of
thromboprophylaxis.

Supportive data from a compassionate use study in the same population provides additional
re-assurance of the effcacy of ATryn.

ATryn has also been tested in acquired AT deficient patients. Patients with heparin resistance
were given ATryn to restore the response to heparin, providing suffcient anticoagulation to
initiate CPB. ATryn was very effective in restoring heparin resistance, which provides
additional evidence for the pharmacodynamic properties. Similar to acquired AT deficient
patients, HD patients may be heparin resistant when they are treated for an acute DVT or
other acute VTE. Some patients do not reach an adequate aPT, or some who do still show
progression of the clot. Plasma AT is used in such situations as well. The one patient in the
ATryn study with an acute DVT was also treated by continuation ofthe ATryn therapy, next
to a therapeutic dose of LMWH and initiation of Vitamin K antagonists. The DVT never
became symptomatic and resolved.

The benefit of preventing ED paticnts from developing a VTE is evident. VTEs can be life-
threatening and can induce significant long-tenn morbidity. A safe and efFective treatment

alternativc to plasma derived AT is therefore important. In addition, a continuous commercial
supply of plasma AT has not been readily available in the US and GTC has needed to supply
ATryn on a compassionate use basis to physicians and patients in need.

The risks of treatment with ATryn have been shown Lo be minimaL. Adverse events reported
in the clinical studies were usually mild to moderate in severity. Serious adverse events were
mostly assessed as not related to ATryn. In fact, the types and severity of events reported in
the phase 3 studies in HD and acquired AT deficiency reflect the fact that these patients were
treated in the peri-operative period of major surgical procedures as well as in the peri-partum
period, including during and after cesarean section.
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Adverse events that can be expected due to the anticoagulant properties of ATryn are
different types of bleeding. However, since the vast majority of patients were also treated
with concomitant anticoagulants, this fact provides an alternative explanation for lhe
occurrence of bleeding. Bleeding never was a reason for discontinuation of treatment with
ATryn in HD patients.

A potential safety issue for recombinant proteins is the development of an immunological
reaction to the recombinant protein or any of the potential contaminating proteins in the final
dosage fonn. For ATryn, assays were developed and used to detect antibodies directed
against antithrombin alfa, goat-AT or goat-milk proteins. No confirmed specific
immunological reaction was seen in any of the patients tested, nor was there any clinical
adverse event that might indicate such response.

The Applicant therefore concludes that the benefit to risk ratio for ATryn for the indication
"prevention of peri-operative and peri-partum thromboembolic events, as well as the
treatment of such events, in hereditary antithrombin deficient patients" is positive and
supports licensure in the US.
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