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INTEROFFICE MEMO

TO: BLA125277/Resubmission
Sequence number/date/type of submission: 000/June 1, 2009/Complete Response

FROM: Jean Q Wu, M.D., Ph.D.
Acting Pharmacology/Toxicology Supervisor
Division of Pulmonary and Allergy Products

DATE: October 29, 2009

BLA 125277 was originally submitted for approval of Ecallantide on September 23, 2008.
Ecallantide is a 60 amino acid protein inhibitor of plasma kallikrein developed as a potential
treatment of hereditary angioedema (HAE). The original pharmacology/toxicology review was
completed by Dr. Jean Wu on February 13, 2009 and a recommendation of approval was made
from the nonclinical perspective. A carcinogenicity study in one species (rat) was recommended
as a post-marketing requirement. The labeling review of pharmacology/toxicology relevant
sections was conducted in the original review. A complete response letter was issued on March
25, 2009 due to the clinical deficiency.

In the current re-submission, no new nonclinical data was submitted. As indicated in the primary
review of this re-submission by Dr. Timothy Robison dated October 13, 2009, the recommended
labeling is essentially identical to that in the original Pharmacology/Toxicology review dated
February 13, 2009. The post-marketing requirement for a carcinogenicity study remains the same.
Therefore, I concur with the primary reviewer’s recommendation that Ecallantide should be
approved with suggested labeling changes from a nonclinical perspective.

W/W 10/9?/0?

Jean Q Wu, M.D., Ph.D.
Acting Pharmacology/Toxicology Supervisor




Tertiary Pharmacology Review

By: Paul C. Brown, Ph.D.
OND IO
BLA: 125277
Submission date: September 23, 2008
Drug: ecallantide (Kalbitor)
Sponsor: Dyax Corp.
Indication: patients with acute attacks of hereditary angioedema
Reviewing Division: Division of Pulmonary and Allergy Products

Introductory Comments: :

The pharm/tox reviewer and supervisor have written reviews which recommend that
ecallantide be approved from a nonclinical perspective. The reviewer and supervisor also
recommend a phase 4 carcinogenicity study.

Reproductive and Developmental toxicity:

The sponsor proposed a pregnancy labeling category of C and the Division agreed with
this category although some minor changes in specific wording describing the relevant
studies were suggested by the pharm/tox reviewer. The reviewer noted that the drug
appears to produce some increase in resorptions in rats dosed intravenously at
approximately 13 times the maximum recommended human dose on a mg/kg basis.
Although this dose is significantly higher than the human dose and was associated with
some mild maternal toxicity, it still is appropriate to describe the effects in the labeling.

Carcinogenicity:
No carcinogenicity studies have been conducted with ecallantide. The sponsor was
advised in the end-of-phase 2 meeting that they should provide a rationale for not
conducting a carcinogenicity study. The sponsor subsequently provided a rationale. The
division, in conjunction with pharm/tox associate directors, assessed the rationale and
found that there was inadequate reason not to conduct a carcinogenicity study. The
intended use of the drug was considered chronic intermittent, the carcinogenicity study
appeared feasible and the lifetime consequences of inhibiting kalikrein or other off-target
effects were unknown. The sponsor was informed by facsimile on September 26, 2007
 that evaluation of carcinogenic potential for ecallantide would be required if it was
feasible in one rodent species. However, the sponsor was also informed that such a study
would be acceptable as a post-marketing commitment. Allowing the study to be
conducted as a phase 4 commitment was considered acceptable due to the lack of
effective treatments for the indication.

The pharm/tox reviewer has recommended that a carcinogenicity study be conducted in
the rat. This recommendation is based on the observation that the rat appears to be a
relevant species since it responds with an appropriate pharmacologic marker
(prolongation of activated partial thromboplastin time) and appears to tolerate treatment
with the compound in the six month study already completed. Induction of antidrug



antibody was noted in the six month rat study; however, this did not reduce drug
exposure and the pharmacologic effect was maintained.

Conclusions:

I concur with the Division pharmacology/toxicology recommendation that the non-
clinical studies submitted to this BLA provide sufficient information to support the
approval of ecallantide for the treatment of patients with acute attacks of hereditary
angioedema but that a rat carcinogenicity study should be required as a post marketing
commitment.

’/QW'ZC‘&M 3.15-09
Paul C. Brown, Ph.D.
ODE Associate Director for Pharmacology and Toxicology



INTEROFFICE MEMO
- TO: BLA 125277

FROM:  Timothy W. Robison, Ph.D., DABT.
N Acting Pharmacology/Toxicology Team Leader
Division of Pulmonary and Allergy Products

DATE: February 19, 2009

| concur with pharmacologist's (Dr. Jean Wu) recommendation that the pharmacology
and toxicology of KALIBITOR (Ecallantide) have been adequately studied and the drug
product should be approved from a nonclinical standpoint.

Pharmacology: Ecallantide is a 60 amino acid recombinant protein inhibitor of plasma
kallikrein developed as a potential treatment for hereditary angioedema (HAE). It is
intended for the subcutaneous route of administration. In vitro pharmacology studies
demonstrated that ecallantide was a potent plasma kallikrein inhibitor with a Ki of 25 pM
for the humanform. , S : : S -

ADME: Following subcutaneous administration, the terminal half-life ranged from 143-
158 minutes in rats, rabbits and minipigs. Due to the relatively short half-life, the repeat-
dose PK profile was consistent with the single dose profile. Volume of distribution
values in all species indicated ecallantide could distribute beyond the blood volume into
the tissues. Generally, exposure increased with increasing dose in both monkeys and
rats. , .

General Toxicalogy: Pivotal nonclinical toxicology studies were conducted in Sprague-

Dawley rats and Cynomolgus monkeys that received subcutaneous doses up to 25

mg/kg administered once every 3 days for a total freatment duration of 6 months.

Potential treatment-related deaths occurred for rats in the 25 mg/kg group. Significant

increases of AST and ALT values were observed for female rats in the 25 mg/kg group
that resolved during the recovery period and were not associated with any

histopathological findings in the liver. For both rats and monkeys, there were test article- .
related findings at injections sites that included inflammation, epithelial hyperplasia,

exudate, ulceration, and granulation tissueffibrosis for rats and minimal to moderate

perivascular mixed inflammatory cell infiltrates for monkeys. Findings at injection sites

generally resolved during the recovery period. The NOAEL for rats was identified as 10

mg/kg. Systemic and local NOAELSs for monkeys were 25 and 0.4 mg/kg, respectively.

NOAELs identified in the 6-month toxicology studies with ecallantide in rats and

monkeys provided adequate safety margins for the maximum recommended human

dose of ecallantide (See Dr. Wu's review for further details).

In studies with rats and monkéys, ecallantide caused a dose-dépe'ndent, reversible
prolongation of APTT, which was attributed to inhibition of activation of factor Xil to




factor XHa in the clotting cascade. There was no evidence of gross bleeding in the
animals with increased APTT values.

Anti-ecallantide antibodies were measured in both rats and monkeys and at a higher
frequency in the higher dose groups. Based upon the pharmacokinetic data, clearance
of ecallantide was reduced and systemic exposure was increased following the
" development of ecallantide antibodies.. -However, there was no increase in toxicity
noted with the higher exposure. Drug activity appeared to be maintained throughout the
duration of the 6-month rat and monkey studies based upon measurements of
ecallantide and elevated APTT values.

Reproductive Toxicology: A complete battery of reproductive toxicity studies -was
conducted with ecallantide. Subcutaneous doses of ecaflantide administered to male
and female rats up to 25 mg/kg/day had no effects on fertility or reproductive
performance. Subcutaneous doses of ecallantide up to 20 mg/kg/day in rats had no
effects on embryofetal development. An embryofetal development study was conducted
with rats that received ‘intravenous doses of 0, 10, 15, and 20 mg/kg/day. At 15
mg/kg/day, there were increased numbers of early resorptions and percentages of
resorbed conceptuses per litter without significant reduced numbers of live fetuses.
These findings occurred in the presence of relatively mild maternal toxicity. There were
additional findings at 20 mg/kg/day although significant maternal toxicity was evident.
The developmental NOAEL was identified at 10 mg/kg. in an embryofetal development
study with rabbits, intravenous doses of ecallantide up to 5 mg/kg/day had no effects.
~In a pre- and postnatal -development study with rats, subcutaneous doses up to 25
mg/kg had no effects. - : - '

- Labeling: Ecallantide was determined to be Pregnancy C based upon the resuits of an
intravenous teratology study with rats. At 15 mgikg/day, there were increased numbers
of early resorptions and percentages of resorbed conceptuses per litter in the presence
of mild maternal toxicity. : N '- '

A carcinogenicity study should be conducted in onevspecies (rat) as a post-marketing-
commitment. There are no _other outstanding nonclinical issues. o

I ‘ W. Roliaown 2-19-09
Timothy W. Robison, Ph.D., D.A.B.T.
Acting Pharmacology/Toxicology Team Leader -
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EXECUTIVE SUMMARY

Recommendations

A

Recommendation on approvability
From a nonclinical standpoint, the application is recommended for
approval.

Recommendation for nonclinical studies
A carcinogenicity study in rats is recommended as a post-marketing
commitment (see Review dated February 13, 2009).

Recommendations on labeling

See recommended labeling attached at the end of this review. The
recommended labeling is essentially identical to that in the Review
dated February 13, 2009 (refer to that review for details of the labeling
review). In the final version of the labeling, other review disciplines
made changes in the Mechanism of Action section under Clinical
Pharmacology that removed the recommended PharmTox changes,
which is acceptable.

Summary of nonclinical findings

A.

Brief overview of nonclinical findings
No new PharmTox data was provided in the resubmission. See Review
dated February 13, 2009 for details of nonclinical findings.

Pharmacologic activity
Ecallantide is a 60 amino acid protein inhibitor of plasma kallikrein. See
Review dated February 13, 2009 for details of nonclinical findings.

Nonclinical safety issues relevant to clinical use
None.

Recommended Labeling:
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cc: list:

BLA 125277, HFD-570
JacksonC, HFD-570
Wud, HFD-570
RobisonT, HFD-570



'3/§] DEPARTMENT OF HEALTH AND HUMAN SERVICES
- PUBLIC HEALTH SERVICE ,
: FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

PHARMACOLOGY/TOXICOLOGY REVIEW AND EVALUATION

BLA NUMBER: - 1sm

SERIAL NUMBER: 000

DATE RECEIVED BY CENTER: September 23, 2008

PRODUCT: Ecallantide (DX-88)

INTENDED CLINICAL POPULATION: Patients with acute attacks of hereditary

S - angioedema |

SPONSOR: ) Dyax Corp

DOCUMENTS REVIEWED: Electronic Submission

REVIEW DIVISION: Division of Pulmonary and Allergy Products (HFD-
570) |

PHARM/TOX REVIEWER: | Jean Wu, MD, PhD

PHARM/TOX SUPERVISOR: Timothy Robison, PhD, DABT

DIVISION DIRECTOR: Badrul Chowdhury, MD, PhD .

PROJECT MANAGER: | Colette Jackson '

Date of review submission to Division File System (DFS): N/A




TABLE OF CONTENTS

EXECUTIVE SUMMARY ; weee 4

2.6 PHARMACOLOGY/TOXICOLOGY REVIEW 8

2.6.1 INTRODUCTION AND DRUG HISTORY
2.6.2 PHARMACOLOGY

2.6.2.1
2.6.2.2

2623

2.6.24

2.6.2.5°
2.6.3 PHARMACOLOGY TABULATED SUMMARY,
2.64 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1
2642
2.6.4.3
2.6.4.4
2.6.4.5
2646
$2.64.7
2648
2.64.9

2.6.4.10
2.6.5 PHARMACOKINETICS TABULATED SUMMARY
2.6.6 TOXICOLOGY.

13

Brief summary .............. erenenene reeesresisaseteeeare e e seeernentesessasasesesstsarsessanentsnseasane 14
Primary pharmacodynamics.........cuuininienien. 14
Secondary pharmacodynamics........cceouvenisresssisnsrssesivnnencssnsessossssissssssassesess 20
Safety pharmacology .........vcviiinmniinsn, 21
Pharmacodynamic drug interactions..............eueeeereeressesserressessersnsens R 23

23

24

BIHES SUMMATY ....ccvecoiieciiinnnnierorcsiisnsimeeesssssssssensessssssesssssesssssnsssasassssssssasss 24
Methods of Analysis.....cccecvnninnniinienninnnineniennd rereereenens susensneansassssarnans 25
ADBSOIPHON..c.ceciricimrriiisiniti bbbt ssessabsssasasasnaes 25
Distribution........cccourueee vesronsens rebeseseereeraneeetterernesenaeas st s sasata e esaebaseres erecens 29
Metabolism ........cccevenreerrnarunacs ettt st st se R ea st e st e b enasaassasa s rees e 31
EXCIEHON ...cceiverreereniniessrarsesseessasressserssserasasnene eeereireeetsstreessataessatreasaeesatnessren 31
Pharmacokinetic drug interactions............cocvvisrsnssiinsennsersnsssssnsssesesessnsanns 31
Other Pharmacokinetic Studies.......covcevcenrcerrinniernccecsinininsnnenissnsnsisasesinens 31
Discussion and ConcluSions ...........ccceiieniniinnivieiesnsmeminemen. 31

Tables and figures to include comparative TK SUMIMALY .....convsviverseresersnss 32

32

33

2.6.6.1 = Overall toxicology SUMMATY.......cccoceirierinmsseressrsesessesssacsessesanns rrereensstnrenns 33
2.6.6.2 Single-dose tOXICILY ..ocuvcvirninmirsimsisieicsisniinssiscsinsnisnesesssnensstssnsesisssssssessnsens 36
2.6.6.3 Repeat-dose tOXICItY.....orviivrreininniesmsiseiisineniinssssmenns 39
2.6.6.4 Genetic toXiCology .........cocruruvivnrirnirnnerennin. s s e ee 77
2.6.6.5 CarcinOeniCIty .......c.ocecrerisuiscsenientiiniensississesniessesresssssssssssseivssessssnesesssanse 77
2.6.6.6 Reproductive and developmental tox:cology ................................. reneeensans 77
2.6.6.7 Local tolerance...........cecevnevsvesimninsinnesisscsnesinsiisensess et s aenne 109
2.6.6.8 Special toxicology studies................. rerereie ettt e ae e seas e et tasasasaeseate 113
2.6.7 TOXICOLOGY TABULATED SUMMARY.........c.cvvimiiiineinenennennns 115

OVERALL CONCLUSIONS AND RECOMMENDATIONS

115




APPENDIX/ATTACHMENTS , . 124




Reviewer: Jean Wu -BLLA No. 125277

EXECUTIVE SUMMARY
L Recommendations |
A. kecommendation on approvability
From the nonclinical perspective, approval is recommended.
B. Recommendation for nonclinical studies:
A carcinogenicity study in rats as a post-marketing commitment is recommended.

C. Recommendations on labelmg (see Suggested labeling at the end of current
review) -

IL Summary of nonclinical findings
A. Brief overview of nonclinical findings

The sponsor conducted general toxicity studies mainly in rats and monkeys,
reproductive/ developmental toxicity studies in rats and rabbits, and local
tolerance studies in rats and minipigs -

General toxicology studies were conducted in rats monkeys and minipigs with
administration of ecallantide by the subcutaneous or intravenous route. The
duration of exposure employed in these studies ranged from a single dose up to 6-
month with dosing frequency from once daily, once every other day to once every
three days. Pivotal repeat-dose subcutaneous GLP studies in rats and monkeys
were conducted to support intended subcutaneous, intermittent/chronic dosing
with a maximum frequency of once every three days in the clinic. Ecallantide was
pharmacologxcally active both in vitro and in vivo across the species tested including
mice, rats, minipigs, rabbits, dogs and monkeys :

The pharmacokinetics of ecallannde was evaluated following single and/or
repeated-dose intravenous/subcutaneous administration in rats, monkeys, rabbits
and minipigs. Generally, following single or repeated s.c. dosing, systemic
exposure (Cmax and AUC) increased with increasing dose with no consistent

. gender differences across species. Tmax Were 40-60 minutes post single s.c. dose
in rats and rabbits, and 2-3 hours in minipigs. The elimination half-life ranged
from 143-158 minutes following a single s.c. dose (rats, rabbits and minipigs).
The exposure appeared to be greater in the cynomolgus monkeys than in the rat.

In the 6-month  rat toxicity study, DX-88/vehicle was administered
subcutaneously at dose levels of 0, 0.4, 10 and 25 mg/kg once every three days.
Three unscheduled deaths occurred between SD 103 to 142 in the 25 mg/kg males
and females and potential relationships to treatment could not be excluded;
however, the incidence (4.7%) was low. For these 3 deaths, one female that died
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early showed multiple necrosis in the brain mc!udmg optic chiasm, the lateral
internal capsule and optic tract, the fimbria of the hippocampus and the ventral
midline of the brainstem, and for the other 2 animals, the cause of the death could
not be determined. One control group female also died during this period. There
were significant increases of AST and ALT values observed in the 25 mg/kg
females that resolved during the recovery period and were not associated with any
liver lesions in mxcroscopw examination.  Test article-related injection sites
reactions observed in both males and females of the 25 mg/kg group and in
‘females only of the 10 mg/kg group included inflammation, epithelial hyperplasia,
exudate, ulceration, and granulation tissue/fibrosis. These injection site reactions
were completely resolved after recovery period in most animals except for the 25
mg/kg females that was only partxally resolved.- The NOAEL was identified at 10
mg/kg (approximately 5-fold of maximum recommended human dose on an AUC
basns)

n monkeys, a 3-month study with daily sc dosmg up to 25 mg/kg and a 6-month
- study with once every three day sc dosing up to 25 mg/kg were conducted. There
was no significant evidence of systemic toxicity observed in either study. Test
article-related effects were limited to the injection sites, which included minimal
to moderate perivascular mixed inflammatory cell infiltrates at injection sites
observed in males and females at doses of 10 and 25 mg/kg in both studies. The
NOAELs for systemic toxicity in both monkey studies were identified at 25
mg/kg while the NOAEL:s for local toxicity would be 0.2 and 0.4 mg/kg for the 3-
. and 6-month studies, respectnvely

In these pivotal repeat—dosc studies, transient APTT prolongation was observed in
rats and monkeys treated with 10 and 25 mg/kg DX-88; which was considered an
expected pharmacologic effect of DX-88 and clinically monitorable. No evidence

- of gross bleeding was observed in these animals.

With respect to immunogenicity, anti-DX-88 antibodies were measured in the
pivotal rat and monkey studies by using validated ELISA or ECL methods. In
both rats and monkeys, anti-DX-88 antibodies were detected in each test article-
“treated group with greater percentages of animals being antibody-positive in the 10
and 25 mg/kg dose groups. The 3-month monkey study (using ELISA method)
showed that DX-88 exposure was increased and the clearance rate was decreased
when the positive antibody titer was > 26,000 ng/mL, regardless of dose. In the 6-
month rat and monkey studies, the increased DX-88 expasure and reduced
- clearance was also observed. However, there was no increase in toxicity noted -
- with the higher exposure. Drug activity appeared to be maintained throughout the
duration of the 6-month rat and monkey studies as evidenced by elevated APTT.

The carcmogemmty assessment was not evaluated in the current application. As
indicated in the previous Agency correspondence the potentlal carcinogenicity of
DX-88 should be assessed, if feasible, in one species as a post-marketing
commitment. Based on the 6-month rat toxxclty study, it appears feasible to
conduct a carcinogenicity study in rat given that exposure to DX-88 was
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maintained based upon prolongation of APTT values. It is noted that anti-drug
antibodies may increase the drug exposure and reduce the clearance rate although
. the biological significance is unclear.

A complete battery of reproductive toxicity studies was conducted with DX-88. In
the reproductive toxicity studies, subcutaneous doses of DX-88 in rats up to 25
-mg/kg/day did not show any adverse effects on male or female fertility and
reproductlve functions. Embryonic and fetal development studies were conducted
with rats using the subcutaneous and intravenous routes. Subcutaneous doses of
DX-88 in rats up.to 20 mg/kg/day did not result in any developmental toxicity.
Intravenous administration with DX-88 at a dose of 20 mg/kg/day in rats showed
“increased number of resorptions and percentage of resorbed conceptuses per litter
with corresponding decreased number of live fetuses, reduced fetal body weights
(-11%), and increased incidence of fetal alterations, including marked dilation of
the lateral ventricle of the brain, short tail, and vertebrate/rib malformations.
These findings occurred in the presence of. significant maternal toxicity.
. Intravenous dose of DX-88 at 15 mg/kg/day in rats resulted in increased the
number of early resorptions and the percentage of resorbed conceptuses per litter
. without significant reduced number of live fetuses and reduced fetal body weights
(-4%). These findings occurred in the presence of relatively mild maternal toxieity
and should be reported in the labeling. The development NOAEL in rats was
identified at intravenous dose of 10 mg/kg (AUCinf=7.55 ug.hr/mlL= 453
- ug.min/mL after single intravenous dose of 10 mg/kg). Intravenous doses of DX-
88 in rabbits at dose levels of 2, 5 and 10 mg/kg did not show any adverse
development toxicity. However, the number of rabbits at 10 mg/kg dose group
(n=10) was not considered sufficient for a full evaluation. Subcutaneous doses of
DX-88 up to 25 mg/kg in Fo rats did not affect the gestation, parturition, or
. lactation in- the Fo-generation rats, growth, development, and reproductive
performance of the Fi-generation rats, and the viability and growth in the
offspring. DX-88 was not measured in the milk of rats.

B. Pharmacologic activity

Ecallantide is a 60 amino acid protein inhibitor of plasma kallikrein identified
using an engineered phage display technology. A series of in vitro and in vivo
experiments were conducted to evaluate the ability of ecallantide to inhibit plasma
kallikrein. Human plasma kallikrein is known as a serine protease that is active in
the intrinsic coagulation, fibrinolysis, hypotension, pain and inflammation
pathways (Bhoola et al. 1992). The following figure (excerpted from page 4 of

- Section 2.4) outlines the contact system, or kallikrein kinin system and the role of
DX-88 in the pathway.
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Figure 2.4.1. Ecallontide Activity in Pathways of intrinsic Coagulation and Inflammation

Prokalikrein

Plasma kalkrein-kinin system
Coagulation

KK Piasma kafkkenin

HMNK High molecular weight kininogen

B182GPCR  Bradykinia Bt ans B2 G-prokein coupled recepiors

! Dissclvad Clot I
In vitro pharmacology studies demonstrated that ecallantide was a potent human
plasma kallikrein inhibitor with a Ki of 25 pM. Ecallantide showed nanomolar
inhibition plasma kallikrein in human monkeys; pigs, rabbits, and dogs and
micromolar inhibition in rats and mice. In two in vivo animal models, ecallantide
administered by the IV route reduced in a dose-dépendent manner, increases of
vascular permeability in C1-INH deficiency mice, and alleviated the carrageenan-
induced paw swelling in rats at a subcutaneous dose of 30 mg/kg, which was

similar to the effect of a bradykinin receptor antagonist, tested in the same model
as a reference.

C. 'Nonclinical safety issues relevant to clinical use: None
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2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

~2.6.1 INTRODUCTION AND DRUG HISTORY

BLA number: 125277

Review number: 1 i
Sequence number/date/type of submission: 0/September 23, 2008/BLA
Information to sponsor: Yes (X) No ()

Sponsor and/or agent: Dyax Corp.

Manufacturer for drug substance: ‘

Avecia Biologics (Avecia)

Advanced Biologics Centre 5000 L Facility
(ABC5000)

PO Box 2, Belasis Avenue

Billingham, Cleveland TS23 1YN

United Kingdom

Reviewer name: Jean Q. Wu, MD, PhD

Division name: D1v1s1on of Pulmonary and Allergy Products
- HFD #:570

Review completion date: February 13, 2009

Drug:
Trade name: Kalblto M (proposed by the sponsor)
Generic name: Ecallantide
Code name: DX-88
Chemical name: Recombinant human plasma kallikrein lnhtblt{)l' produced by
expression in the yeast Pichia Pastoris
" CAS registry number: 460738-38-9
Molecular formula/molecular weight: ~7054 Daltons
Structure: Ecallantide contains 60 amino acid residues and three intramolecular
disulfide bonds as depicted in the figure below.




Relevant INDs/NDAs/DMFs: IND 10426, () (4)

Drug class: Recombinant protein which reversibly hmds human plasma kallih-em

* Intended clinical population: Patients with acute attacks of hereditary angioedema.

Clihicai formulation: The drug pfoduct is a sterile, preservanve~free isotonic solution
: wnthaneeaﬂanhdecancentm&onoflOmgImmewdedmaZmL lass vial. Each vial is

filled with 1 mL. The manufacture of drug
substance and filling into vials. There is no

. The composition of the

drug product manufacture and no
ecallantide drug product per mL is shown in the Table below (excerpted from Sectmn
23P.1) -
Table 2.3.P.1.1. Ecallantkie Drug Product Composition
Component Quantity per mL Quality Standard Function
Ecaliantide Drug Dyax Release Active
Substauce 10mg Specifications Substance
Ecalantide Drug Substance Buffer - ' ‘
Na;HPOy2H0 0.76 mg* Ph. Eur., BP, USP
xn;rm 02mg" Ph. Eur,, BP, NF
8 Oms‘ Ph. Eur., BP, IP, US
02 Ph. Eur., BP, USP
- wT ey R
gsto 1.0amL Ph. Eur., USP

" Mwﬁumﬂﬂﬁaﬁmmmm&hm'm

¥ Water for Injection.
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Route of administration: Subcutaneous

Disclaimer: Tabular and graphical information are constructed by the reviewer unless
cited otherwise.

Studies reviewed within this submission:

Primary Pharmacodynamics

Study 650-00042, Measurements of DX-88 Specificity

Study | (0) (4)11268, In Vitro Pharmacology: Comprehensive Pharmacology Profile
Study (b) (4)04-0847: DX-88: Inhibition of COX-1 and COX-2 Enzymes-
Interaction with Endothelin Receptors A and B

Study 640-00028, Analysis of the Effect of DX88 on Vascular Permeability in C1
Inhibitor Deficient Mice

Study 06GSTR068 (FFA00021), Pharmacokinetics and Pharmacodynamics of DX-88 in
the Carrageenan Model of Rat Paw Edema

Secon Pharmacodynamics
Study 640-00078: DX-88 Specificity and Effects on Coagulation Factor Assays
Study 640-00079: DX-88 Effects on Fibrinolysis and Protein C

Safety Pharmacology

Study | (0)-446019: The Acute Central Nervous System Pharmacological Profile of
Lyophilized DX-88 Following Subcutaneous Administration in Rats '

Study = (0)-446014: Plethysmograph-Restrained Respiratory Assessment of Lyophllxzed
DX-88 Subcutaneously Administered To Sprague Dawley Rats

Study| (6).00010: A Safety Pharmacology Study to Assess Potential Cardiovascular Effects of
DX-88 Administered Subcutaneously to Cynomolgus Monkeys

Study (b) 3131, DX-88: A Hemodynamic and Cardiac Functlon in Consclous Cynomolgus
Monkeys Following Intravenous Administration .
Study 050223 (0): Effects of DX-88 on Cloned hERG Channels Expressed in

Mammalian Cells (GLP)

ADME '
Study (b) 1571: A Single Dose Intravenous Pharmacokinetic Study in Sprague-Dawley Albino
Rats (non-GLP)

Study (b) 3127: DX-88: A Single Dose Intravenous Phaxmacokmetlc Study in Cynomolgus
Monkeys (non-GLP)

Study  (0)00019: Subcutaneous.Single Dose Toxicokinetic Study of DX-88 in Male Rats
Study 05-0218PDX: Pharmacokinetics of DX-88 in Cannulated Female Sprague-Dawley

Rats following a Single, Subcutaneous Injection ‘
Study GENZ-04-0570P: Biodistribution and Pharmacokinetics of Two Different Lots of 'I-DX-
88 Made by Two Manufacturing Processes in Female Cannulated Sprague-Dawley Rats
Following a Single Intravenous Injections

Toxicology
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Smg!gl)ose Toxicity Studies
(b) (4)1572: DX-88: A SINGLE DOSE INTRAVENOUS TOXICITY STUDY IN

SPRAGUE-DAWLEY ALBINO RATS (GLP)
Study| (0)-446006, A Single-Dose Intravenous Toxicity Study in Rats Comparing DX-
88 Manufactured by the Original and New Processes

l Study (b)-446020: A 6-Month Tox:c:ty Study of DX-88 Administered Subcutaneously Once
Every Three Days to Cynomolgus Monkeys With a 28-Day Recovery Period

2. Study  (0)-446010: A 90-Day Toxicity Study of DX-88 Administered Subcutaneously Once
Every Other Day to Cynomolgus Monkeys

3. Study  (0)-446021: A 6-Month Toxicity Study of DX-88 Administered

Subcutaneously Once Every Three Days to Sprague-Dawley Rats With a 28-Day

Recovery Period - .

4, Study  (b) 3130: DX-88: 14-day Intravenous Toxicity Study in Cynomolgus Monkeys

5. Study (D) 1574: DX-88: 14-day Intravenous Injection Toxicity Study in Sprague-Dawley Rats
6. Study| (0)-446004: A 14-day Intravenous Toxicity Study of DX-88 in Rats

Reprogductive and Development Toxicity -
1. Study @ 2204-003: Fertility and General Reproduction Toxicity Study of DX-88
Administered Subcutaneously in Rats - .
2. Study| (D)L 2204-001: Intravenous Development Toxicity Study of DX-88 in Pregnant Rats
Study| (0)'2204-001P: Intravenous Dosage-Range Development Toxicity Study of DX-88 in
Rats .
3. Study ©©,00012: Subcutaneous Developmental Toxicity Study of DX-88 in Rats
4. Study| (D) 2204-002, Intravenous Development Toxicity Study of DX-88 in Rabbits.
Study (2204-002P, Intravenous Dosage-Range Developmem Toxtczty Study of DX-88 in
Rabbits

©®\00008: Intravenous Development Toxicity Study of DX-88 in Rabbits
(supplement to Study  ©“ 2204-002 with additional dose group of 2 mg/kg).
5. Study ©©,00031, Subcutaneous Dosage-Range Developmental Toxicity Study
of DX-88 in Rabbits ' | |
6. Study  ©“  100006: Developmental and Perinatal/Postnatal Reproduction Toxicity
Study of DX-88 Administered Subcutaneously in Rats, Including A Postnatal
Behavioral/F unctwnal Evaluation
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Local ToleranceStudy-M6008: A Local Tolerance Study of Subcutaneously Administered
DX-88 (liquid) in Rats
Study 446013 A Local Tolerance Assessment of Lyophilized DX-88
Subcutaneously Administered in Rats-

Others

Note: The following studies were only given cursory reviews as they were not pivotal, not.
the relevant route of administration, non-GLP or for mechanism exploration purpose
only, which were not considered to aﬁ”ect the safety evaluation.

Study 05022-' Effects of DX-88 on Act-ion Potentials in Isolated Canine Cardiac Purkinje
Fibers (GLP) ‘ ' '

Stud Test 05122 : Effect of DX-88 on Inward Sodium Current (INa) and
Transient Qutward Current (Ito) in Isolated Venmcular Myocytes From Male and Female
Adult Rats (non-GLP)

Study 06GSTR077: The Effect of DX-88 in the Isolated Perfused Female Rat Heart
Preparation (non-GLP)

Study | (b) FFA00026: A Study To Assess The Cardiovascular Effects Of DX-88 In
Telemetered Female Sprague-Dawley Rats (non-GLP)

Study)  ©“.00001: A Study To Assess The Cardiovascular Effects Of DX-88 Foﬁowmg
Intravenous Administration in Telemetered Sprague-Dawley Rats (non-GLP)

- Study GENZ 05-0103PDX: Acute Toxicity of a Single Administration of DX-88 in Normal,
Ovariectomized, and Castrated Sprague-Dawley Rats (non-GLP)

Studies not reviewed within this submission:
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PHARMACOLOGY

2.6.2.1 Brief summary :

Human plasma kallikrein is known as a serine protease that is active in the intrinsic
coagulation, fibrinolysis, hypotension, pain and inflammation pathways (Bhoola et al.
~ 1992). Ecallantide is a 60 amino acid recombinant protein inhibitor of plasma kallikrein
identified using an engineered phage display technology. A series of in vitro and in vivo
experiments were conducted to evaluate the ability of ecallantide to inhibit plasma
_ kallikrein and thus as a potential treatment for hereditary angioedema (HAE).

In vitro pharmacology studies demonstrated that ecallantide was a potent plasma
kallikrein inhibitor with a Ki of 25 pM for the human form and a Ki of 17 nM for the rat
form. Ecallantide inhibited plasma kallikrein in human and other species tested using
activated endogenous plasma kallikrein. Nanomolar inhibition was demonstrated in
human monkeys, pigs, rabbits, and dogs and micromolar inhibition in rats and mice.
Ecallantide produced weak to moderate inhibition for 5 out of 18 different human
'proteases tested (i.e. neutrophil elastase, tissue kallikrein 2, pancreatic trypsin, plasmin
and factor XIa) with Ki ranging from 1.7 nM to 0.75 uM. At a level of 5.7 uM
ecallantide, there were no binding to over 100 receptors screened and significant
inhibition on 2 out of 34 enzymes tested, i.e. Lyn-kinase and elastase. Ecallantide did not
interact with the endotheliny and endotheling receptors and did not inhibit COX-1 or
COX-2 enzyme activity.

In two in vivo pharmacology studies, ecallantide administered by the IV route reduced
increases of vascular permeability in C1-INH deficiency mice in a dose-dependent
manner, and alleviated the carrageenan-induced paw swelling in rats at a subcutaneous
dose of 30 mg/kg. The effect of ecallantide on the paw edema was similar to the effect of
a bradykinin receptor antagonist that was assessed in the same test as a positive control.

Safety pharmacology core battery studies were conducted for respiratory, CNS and

cardiovascular evaluations. Ecallantide, at single subcutaneous doses up to 25 mg/kg, did

not show adverse effects in an acute CNS evaluation in rats (functlonal observational

battery performance and local motor activity) and in a respiratory assessment in rats
(respiratory frequency, tidal volume or minute volume). No test article-related adverse

findings in a cardiovascular evaluation were observed in a monkey telemetry study with

subcutaneous doses up to 25 mg/kg or in monkey study at an intravenous dose of 23

mg/kg. Ecallantide showed no significant inhibition on hERG channel at a level of 10

uM.

2.6.2.2 Primary pharmacodynamics
Mechanism of Action:

Study 650-00042, Measurements of DX-88 Specificity

Plasma kallikrein activity can be measured using purified enzyme or directly in plasma
samples following the addition of a commercially available mixture (Chromogenix, Milan,
Italy) composed of fXI1, phospholipids, ellagic acid, and HMWK (high molecular weight
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kininogen). The addition of this mixture to plasma specifically converts prekallikreinto
active kallikrein, which is measured using the fluorogenic synthetic substrate Pro-Phe-Arg-
aminomethylcoumarin (Sigma-Aldrich, St. Louis, MO). Using either purified plasma
kallikrein proteins or activated plasma samples, the effect of DX-88 on plasma kallikrein
activity was determined and enzyme inhibition constants (K; or ICs; values) were reported.
The specificity of DX-88 towards human plasma kallikrein versus 20 other selected human or
nonhuman serine proteases was measured by comparing inhibition constants. As shown in
‘Table 2 (excerpted from page 9 of the report), using purified enzymes, DX-88 inhibited both
human and rat plasma kallikreins with high potency (Ki = 25 pM for human and Ki=17 nM
for rats) while it inhibited human factor XIa (K; = 1.7 nM), human plasmin (K;= 29 nM),
human trypsin (K; = 69 nM), human tissue kallikrein 2 (K;=0.29 yM), and human neutrophil
elastase (K; = 0.75 pM) with potencies ranging from approximately 68-fold to 30,000-fold
less than that of human plasma katlikrein. DX-88 did not inhibit other selected proteins tested
(listed in Table 2 below). As shown in Table 4 (excerpted from page 11), using activated
plasma cross the species, DX-88 inhibited plasma kallikreins from human and nonhuman
species including Cynomolgus monkeys, pigs, dogs, rabbits, rats, and mice.

Table4.  Inhibition of Activated Kallikrein in Plasma by DX-88

Species ICs
Human 14+060nM
- Monkey (cynomolgus) 1.4+ 0.5 nM
Pig , 27+ 1M
Dog | 12+3aM
Rabbit ‘ 25105 0M
Rat : ' 0.52+0.1 yM
Mouse 0811+002uM .

ICso= amount of the inhibitor required to inhibit enzyme activity by 50%
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Table 2. Summary of DX-88 Inhibition of Purified Human and Nonhuman
Proteases
Protease ' DX-88 K;* Fold Reduction in Potency (relatwe to
» ' - plasma kaHikrein)
' Human plasma kallikrein 25+4pM - na
Rat plasnia kallikrein 17+3nM 680-fold
Mouse plasma kallikrein 28 +3 M 1120-fold
Human factor Xla 1.7£020M - 68-fold
Human plasmin 29+1.2nM 1160-fold
Human trypsin " 69+7nM 2760-fold
Human tissue kallikrein 2 0.29 £ 0.05 uM 11 600-fold
Human neutrophil elastase - 0.75+0.0t pM = = 30 000-fold
Human tissue kallikrein 1 >100 uM >4 000 000-fold
Rattissue kallikceinl ~ >10 M >400 000-fold
Mouse tissue kallikrein 1~ >10 uM >400 000-fold
Rabbit tissue kaltikrein 1 >10 uM >400 000-fold
Human C1 esterase >100 pM >4 000 000-fold
Human thrombin >10 pM >400 000-fold
Human factor XIla >10 uM >400 000-fold
Human tissue factor/factor ~ >10uM >400 000-fold
“Vlla/factor Xa '
Human tissue plasminogen  >10 uM >400 000-fold
activator (tPA)
Human urokinase-type >10 uM >400 000-fold
plasminogen activator (uPA)
Human activated proteinC ~ >10 uM >400 000-fold
Human tryptase >1 mM >40 000 000-fold
Human ACEL1 >8 UM >320 000-fold
Human ACE2 >8 uM >320 000-fold
Human chymotrypsin >10 uyM >400 000-fold

BLA No. 125277

*  The emor in all measurements, except the etror associated with the K; for human plasma kallikrein, corresponds
to the standard error of the estimate associated with the fit of the data to the appropmte inhibition equation
(Equation 2 or Equation 3). The error in the K; for the human plasma kallikrein is the standard deviation from
repeated determinations as shown in Appendix 2.

Study(6) (4) 11268, In Vitro Pharmacology: Comprehensive Pharmacology Profile

Effect of DX-88 (Lot 227-05-001, at 40 pg/mL or 5.7 pM) on various in vitro receptor bindings
and enzyme activities was tested. Binding with each of 107 different receptors across species
(human, rat, bovine, hamster, mouse or guinea pig origin) was tested with a labeled ligand
specific for that receptor. The each activity of 34 different enzymes was determined with assay
specific substrates. A specific reference compound was tested in each binding or enzyme assay

16




Reviewer: Jean Wy : BLA No. 125277

concurrently with DX-88. The results showed that DX-88 had no significant effect in any of 107
receptor binding assays. DX-88 significantly (>50%) inhibited elastase activity and moderately
(20% -50%) inhibited Lyn Kinase activity, and had no effect on other tested enzymes.

Study (b) (4), 04-0847; DX-88:

Interaction with Endothelin Receptors A and B

Effect of DX-88 on in vitro binding to endothelin, or endotheling (ET-A, derived from human
neuroblastoma cells) or endotheling (ET-B, derived from human astrocytoma cells), and on
enzyme activity of COX-1 (derived from rat seminal vesicle) or COX-2 (derived from bovine
placenta) was tested at DX-88 (Lot 227-104-001) concentrations of 0.1, 1.0 and 10 pM. The
corresponding reference compound was used in each assay. The highest concentration of DX-88
tested inhibited ET-A and ET-B receptor bindings by 5.0% and 15.7%, respectively, and
inhibited enzyme activities of COX-1 and COX-2 by 3.9% and 14.0%, respectively. These levels
of inhibition were considered to be within the baseline range of activity for these assays.
Therefore, the results indicated that DX-88 did not interact with the ET-A or ET-B receptors and
did not inhibit COX-1 or COX-2 enzyme activity.

Drug activity related to propoesed indication:

Study 640-00028, Analysis of the Effect of DX88 on Vascular Permeability in C1
Inhibitor Deficient Mice

Effect of DX-88 on vascular permeability in C1-INH-/- mice was tested in three
experiments. The vascular permeability was determined by vascular extravasation of
Evans blue dye (30 mg/kg) which was iv. injected into the mice immediately after test
article injection. In experiment 1, the vascular permeability was tested in n=5 wild type
(C1-INH+/+) mice, n=5 heterozygous (C1-INH+/-) and n=5 homozygous C1-INH
deficient mice, and n=4 C1-INH-/- mice receiving a single iv injection of 10 ug DX-88.
As shown in Figure 2 below (excerpted from page 4), C1-INH deficient mice revealed
markedly increased vascular permeability within a shorter period of time and more
intense blue coloration when compared to the wild-type mice which developed blue
coloration around the eyes, nose, and feet over a period of 15-30 minutes after dye
injection. Intravenous injection of 10 ug DX-88 completely reversed the increased
vascular permeability observed in C1-INH-/- mice. In experiment 2, a dose-dependent -
effect of DX-88 on vascular permeability in C1-INH-/- mice was tested when wild-type
mice (n=16) received 0 DX-88, and C1-INH-/- mice received 0 (n=4), 0.001(n=6),
0.01(n=6), 0.1 (n=8), } (n=6) and 10 ug DX-88 (2=6). As shown in Figure 3 below
(excerpted from page 5), i.v. injection of 0.001-10 pg DX-88 resulted in a dose-
dependent reduction of vascular permeability in C1-INH-/- mice that was significant at
doses - > 0.1 pg and was equivalent to the wild-type genotype response at doses > 1.0 Mg,
In experiment 3, increased vascular permeability in C1-INH-/- mice was determined prior
to, and 2, 4, 6 and 8 hours post i.v. injection of 10 ug DX-88. As shown in Figure 4
below (excerpted from page 6), the duration of the reversal of increased permeability was
maximal to 2 hours post dosing, then the increased permeability was back to pre-dosing
level at 8 hours post injection of DX-88. :
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Figure 2 : :
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Figure 4
DX88 - Time Course - Foolpads

Male rats (N—l()/group) were dosed with a single s.c. injection of 0 (vehicle, 0. 9%
sodium chioride) or 30 mg/kg DX-88 (Lot 227-01-004), or a single iv. injection of 0.5
mg/kg of HOE-140, a bradykinin receptor antagonist. Paw edema was induced by a
single subplantar injection of 0.1 mL of a 1% carrageenan suspension in the right hind
footpad 1 hour prior to test article administration. The effect of treatment on rat paw
edema was measured by plethysmometer-at 0.5 hour prior to carrageenan injection for a

baseline value, and at 1, 1.5, 2.0, 2.5, 3.0, 3.5, 4.0 and 6 hours post carrageenan injection.

DX-88 and HOE-140 treatments resulted in reduced paw edema relative to vehicle, as
shown in the figure below (Figure 1, excerpted from page 8 of the report). The observed
inhibition is sustained for at least 5 hours following test article administration. The level
of circulating bradykinin was measured but could not be determined reliably as the level
was undetectable in 8 out of 10 animals in one group.

Figure 1. DX-88 snd HOE-140 reduce mraamu-lndueed paw edema in rats. -
Casrageenan (0.1ml of 1.0% solution) was administered via sub-plantar injection at tinie
=0 hours into the right tind foot pad. Vehicle (control), DX-88 (30 mg/kg, sc), or HOE-

. 140 (e 5 mgA:g iv) were udm:mstmhons at tlme = 0. Data represent mean + SD
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2.6.2.3 Secondéry pharmacodynamics

Study 640-00078: DX-88 Specificity and Effects on Coagillation Factor Assays h

The effect of DX-88 on coagulation factors and their assay was assessed by the in vitro
mixing of buffer or DX-88 with citrated plasma from healthy normal subjects. In some
experiments, aprotinin was used as a reference material. The results indicated:

1-stage extrinsic factor clotting assays (thromboplastin based) and FX assay (RVYV,
Russell's viper venom, based) were not affected. This shows that there wasno -
inhibition of factor V, VII or X activity, or interference in the assay systems used.
1-stage intrinsic factor clotting assays (FVIIL, FIX, FXI, FXII) were inhibited by
DX-88. The effect was significant at 5 pg/mL DX-88 and higher concentrations

and caused increasing non-parallelism as the DX-88 concentration increased. At

low doses of DX-88 (5 ug/mL and less), these inhibitory effects should be

overcome by using higher plasma dilutions in the assays. This would not cause a
problem provided that the patient did not have haemophilia. 18 pg/mL Aprotinin.
(125 KIU/mL) gave similar inhibitory effects to 5 pg/mL DX-88.

2-stage FVIII amidolytic assays (based on activation of factor X with thrombin,
FIXa, phospholipid and calcium ions, and measurement of FXa with a chromogenic
substrate), showed no inhibition by DX-88. This shows that the inhibition of 1-stage
clotting assays for FVIII was due to interference with the activation system, since -
kallikrein generation is required in the APTT system used in 1 -stage intrinsic system
factor assays, and not due to true inhibition of FVIII activity. Since the degree of
inhibition seen in 1-stage factor IX, X1 and XI1 assays was similar to that in FVIH
assays, it is unlikely that DX-88 has any direct inhibitory effect on these proteins.
Amidolytic substrate assays for FXI showed an apparent reduction in FXI activity
when (b) (4) was added to pooled normal plasma, but not at(b) (4) doses.
The effect was abolished if two-fold higher dilutions of the plasma were used in

the assay. Aprotinin had a weaker effect, with some reduction in FXI at a
concentration of 40 pg/mlL. This suggests that DX-88 was inhibiting kallikrein
activity, which is required during FXI activation in the assay.

Amidolytic substrate assays for FXH showed a significant reduction in activity at
5-10 pg/mL DX-88. The effect was abolished when two-fold higher dilutions of
plasma were prepared in the assay. Aprotinin had a weaker effect at equivalent doses
(a 12.5% reduction in FXII activity was seen at 40 pg/mL aprotinin). Kallikrein -
generation is required during the activation stage of the FXII assay, and it is likely
that this is inhibited by DX-88.

Amidolytic substrate assays for prekallikrein showed a dose dependant inhibition

by DX-88, which was statistically significant at 1 pg/mL DX-88.This effect was not
removed by preparing two-fold higher dilutions of plasma for assay. Aprotinin had no
effect. These results are compatible with DX-88 being a direct inhibitor of plasma
kallikrein, with greater potency than aprotinin. '

In amidolytic substrate assays for HK (high molecular weight kininogen), DX-88
caused a dose dependant inhibition at 5 pg/mL. This is likely to be due to interference
with kallikrein in the assay activation stage, thereby decreasing factor Xa generation.
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Study 640-00079: DX-88 Effec ibri is in C

The effect of DX-88 on plasmin and global screening tests for fibrinolysis was assessed using normal

human plasma. Aprotinin was used as a reference for companson The results indicated the following:
o DX-88 had no effect on the commonly used screening tests for fibrinolytic defects
(euglobulin clot lysis time and fibrin plate lysis), whereas aprotinin caused prolonged
lysis times and abolished dextran sulphate stimulated fibrin plate lysis.
s DX-88 caused dose dependant inhibition of human plasmin, but plasmin activity was
not completely abolished at the proposed therapeutic concentrations (20-50%
inhibition at 1-Spug/mL). The degree of plasmin inhibition was approxlmately 3 fold
less than that seen with aprotinin on a protein concentration basis.
o DX-88 appeared to have a weak inhibitory effect (observed using 100 pg/mL DX-88)
on plasmin generation stimulated by dextran sulphate, in the presence of a fibrin clot.
The pattern was disrupted when FXII deficient plasma was used. Full examination of
these results would require an extensive study with the use of a variety of different
plasmas, which does not seem to be justifiable, as there was no evidence of any
potential clinical problem with therapeutic concentrations of DX-88.
e DX-88 showed no inhibition of t-PA stimulated plasma clot lysis in a-microtitre plate
method, whereas Aprotinin caused dose dependant inhibition of clot lysis at 5 pg/mL
and higher concentrations, with approximately 50% inhibition of clot lysis at 20 pg/mL.
e DX-88 had no inhibitory effect on protein C in normal plasma, or on recombinant
human activated protein C in solution. Therapeutic concentrations of Aprotinin showed
dose dependant inhibition of both protein C (after activation by Protac) and activated -

protein C.
2.6.2.4 Safety pharmacelogy

CNS . ' ,

Study  (0)-446019: The Acute Central Nervous System Pharmacological Profile of
Lyophilized DX-88 Following Subcutaneous Administration in Rats
Ten rats/sex/group (Spraque Dawley) were subcutaneously administered with a single
dose of vehicle (10 mM histidine, 10% sucrose, pH 6.5), and 5, 10 or 25 mg/kg DX-88
(lyophilized, Lot No. 05RP029, product purity: 99.6%). Functional observational battery
(FOB) and locomotor activity data were recorded prior to initiation of dosing (study day -
7) and approximately 60 minutes post-dosing. '

- All animals survived to the scheduled termination. There were no test artlcle-related
effects on FOB evaluations (the parameters involved home cage, handling, open field,
sensorimotor, neuromuscular and physiological abservations). There were no test article- .
related effects on mean ambulatory and total motor activity counts.

Respiratory

Study (0)-446014: Plethysmograph-Restrained Respiratory Assessment of
Lyophilized DX-88 Subcutancously Administered To Sprague Dawley Rats

Eight rats/sex/group (Sprague Dawley) were subcutaneously administered a single dose
of vehicle (10 mM histidine, 10% sucrose, pH 6.5), 5, 10 or 25 mg/kg DX-88
(lyophilized, Lot No. 05RP029, product purity: 99.6%). Clinical examinations were
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performed daily and detailed physical examinations were performed on the day of dosing.
Respiratory function was measured using a pneumotach to detect the air flow in and out
of the head-out neck-sealed plethysmograph in response to the animal’s thoracic
movement. The pneumotach signals were detected by a variable reductance transducer,
which was amplified and recorded by data acquisition software (PONEMAH Physiology
Platform, version 4.1-SP1, LDS Test and Measurement). Respiratory data were collected
continuously for at least 60 minutes prior to initiation of dosing (study day -1) and for at
least 6 hours post-dosing but no more than 7 hours. Data were organized into 3 phases for
analysis (analysis phase 1 consisted of hours 0-1, analysis phase 2 consisted hours 1-3
and analysis phase 3 consisted hours 3-6).

"All animal survived to termination. There were no test article-related chmcal
observations, and there were no test article-related effects on measured respiratory
parameters including respiratory frequency, tidal volume or minute volume.

Cardiovascular system

Study ©“.00010: A Safety: Pharmacology Study to Assess Potential Cardiovascular Effccts
of DX-88 Administered Subcutaneously to Cynomolgus Monkeys (GLP)

 As study design listed below (excerpted from page 13 of the report), n=4 non-naive female
cynomolgus monkeys were administered with a single dose of vehicle, or 3 doses of DX-88 on
the designated days. All animals instrumented with radiotelemetry devices were monitored via
radiotelemetry (b) (4)). Data was
collected 24 hours prior to each dosing for a baseline record and another 24 hours post each dosing
for a treatment assessment. ECGs acquired by telemetry were sent to a board-certified cardiologist,
for qualitative evaluation of abnormalities and for quantitative assessment of ECG intervals (PR,
QRS, RR, QT, and QTc intervals). Blood samples were collected at selected time points for
determination of DX-88 plasma concentration and the coagulation parameters prothrombin time (PT)
and activated partial thromboplastin time (APTT).

. | Number | Dosage | Dosage | .
133::;::“ of A'fgztle Level | Volume Co(n: ;Zl/ln“"?f)lm~ Route Last Day on Test
Females" | (mg/kg! Sm—L/kE? : 7 . '
1 - Vehicle 0 2.5 0 S
2 - DX-881 04 0.04 . , : ) .
3 * IDxes| 10 | 1 10 S Dy 16
4 DX-88 25 2.5 j |

SC = Subcutaneous.
" Doses were administered on Days 1,4, 9, and 15.
*  The same four animals were dosed at each dose session.

There were no test article-related clinical observations and there were no dose-dependent or
biologically significant changes in heart rate (HR), blood pressure, core body temperature, or
electrocardiograms evaluation. Mean values for the QT and QTc (Bazzett’s HR correction) intervals
ranged from 0.166 to 0.248 seconds and from 0.322 to 0.374 seconds over the four treatments. APTT
was prolonged at 10 and 25 mg/kg as expected while no noteworthy changes were observed in PT.
The Crax Was 0.444, 7.645, or 25.739 ug/mL at the dose of 0.4, 10, or 25 mg/kg, respectively.

Study| (0)3131, DX-88: A Hemodynamic and Cardiac Function in Conscious Cynomolgus
Monkeys Following Intravenous Administration (GLP)

Cynomolgus monkeys (N=1/sex/group) were administered with a single i.v. dose of 6.8

or 23 mg/kg DX-88 (in PBS, lot No. 00799DXP). The monkeys were surgically
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implanted with arterial catheters for blood pressure assessment. Electrocardiograms
(ECGs; bipolar limb leads I, II and 111, and augmented unipolar leads aVR, aVL and aVF)
were obtained for all conscious monkeys once during the pretreatment period, on the day
of treatment at 0, 15 and 30 min. pre-dose (baseline period), and at 15, 30, 45 and 60 min.
post-dose. Heart rate (lead IT), sinus thythm, atrioventricular thythm, P-Q, QRS and Q-T
intervals were evaluated. ECG tracings were sent to a veterinarian cardiologist for
assessment of abnormalities. The following cardiac profile parameters were also
collected at the same time points as for ECG tracings: cardiac output (CO), central
venous pressure (CVP), diastolic arterial blood pressure (DABP), diastolic pulmonary
arterial pressure (DPAP), heart rate (HR), mean arterial blood pressure (MABP), mean
pulmonary arterial pressure (MPAP), pulmonary arterial wedge pressure (PAWP),
pulmonary vascular resistance (PVR), respiration rate (RR), right and left cardiac work
(RCW, LCW), right and left ventricular stroke work (RVSW, LVSW), stroke volume
(8V), systemic vascular resistance (SVR), systolic arterial blood pressure (SABP), and
systolic pulmonary arterial pressure (SPAP). All ECG tracings and cardiac profile data
were evaluated by a veterinary cardiologist. ‘ ’

There was no test article-related mortality or adverse clinical signs observed. There were
no test article-related changes in the morphology, intervals and amplitudes of the P-QRS-
T complexes, cardiac rhythm or heart rate, or on the cardiac profile parameters evaluated
in the study. (Note: the results were based on the limit number of animals tested '
n=1/sex/group.)

Study 050223EZD: Effects of DX-88 on Cloned hERG Channels Expressed in
‘Mammalian Cells '
(b) (4)
The study (GLP) was conducted by The effect of DX-88
on hERG (human ether-a-go-go-relatea gene) channel current (I, the rapidly activating,
delayed rectifier cardiac potassium current), expressed in mammalian cells (HEK 293),
was evaluated at 10 pM DX-88. Four cells were exposed to this concentration (n=4) at
physiological temperature. The 0.6 % inhibition observed with 10 yM DX-88 was not
significantly different from the inhibition (0.2%) seen with the vehicle control tested on
three cells. Under identical conditions, the positive control terfenadine at 60 nM when
tested on two cells produced a 74.5% inhibition of the hERG currents at 60 nM when
tested on two cells (n=2). These results indicated that DX-88 at 10 uM did not
significantly inhibit the hERG current. As the inhibition was less than 50% at 10 pM DX-
88, the study was considered complete and the ICs, was not determined. Analysis of
samples taken from the test formulations suggested that the solutions tested were stable
for the duration of the study and homogenous. However, the test concentration used in
this study was below the limit of quantitation of the validated method and the results of
verification of concentration, stability and homogeneity were provided as estimates. -

" 2.6.2.5 Pharmacodynamic drug interactions
N/A

2.63 PHARMACOLOGY TABULATED SUMMARY
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Table 2.4.1. Summary of Ecallantide-Mediated Protease Inhibition

Proteaze . - Ecallantide K;
Human Plasma Kellikrein - 25:4pM
Hmuen Factor Xla 1720200
Humsn Plasmin ' 2035 2aM
Huwran Trypsin o , 691 7aM
Human Tissue Eallikyein 2 . 0202005 uM
Fuman Neutrophi] Elastase . DI54001pM
Organ Systems Lpectes/ . Mothod of Dose Cenderondn | - .
Evaluated v Steain Adwinistrafion | {ng/kg) per Group | Neteworihy Findings GLY | Study Rumber
Respiratory Far, Bubcuanects | 0, 5, 00 25 | BMABd3F | Mo tefevant difterences i Yo | (DCEsis |
. CLCDESDY . - : respirstosy frequency, tidel 1
j volume o niicare volume,
CN% . | Rat. Subcutengous 0,5,10, | 10Mand I0F | Noeffect on fonctionat Yez (b 246059
CALD(SDY . | 25 ] obsscraionat bamery, total
rotor achivity, anmbuinm:.
) . moter act
Cardiovascullsr | Sdsukey, Subcutaneows | ©,0.3,10, aF Mo ECG sbuormaifiss ssd 5o | Y65 (b)iooa1e
cyaomeolyus. 25 QT:QTx prolengatios, ““
! No effact cu heraodynamic
1 parametesy or corebody
Dute deprudeut, probomged
APIT w0 3-fold vabicls. ’
Dase feperdent Cope ol 04, 7.7,
. 257 pgml. : . :
Carfiovascalar | Monkey, Taavenous $5,33 TMmmd1F | Noecallantide velnted changes | Yes  ||(D)FTE1
cyaomelgns e BCO measnrantants or ]
cardise profils OfN
* Anmydﬂu”mmmmmayimmdaaﬁ.kmmmm

(table was excerpted from page 4 of section 2.6.3)

2.6.4 PHARMACOKINETICS/T OXICOKINETICS

2.6.4.1 Brief summary

Pharmacokinetics of -ecallantide was evaluated followmg single and repeated-dose
subcutaneous administration in rats and monkeys, and single and repeated-dose
intravenous administration in rats, monkeys and rabbits. Additional single dose s.c
studies were conducted in minipigs and rabbits. PK parameters in the repeated-dose
toxicity studies, reproductive toxicology studies and local tolerance studies were
reviewed in the individual studies in Section 2.6.6. Followmg single i.v. or s.c. dose,
systemic exposure (Cmax and AUC,.,f) increased with increasing dose with no apparent
gender differences across species. Tmax Were 40-60 minutes post s.c. dose in rats and
rabbits, and 2-3 hours post s.c. dose in minipigs. The terminal half-life ranged from 143-
158 minutes followmg a single sc dose (rats, rabbits and mini-pigs) and 19-99 minutes
following a single i.v. dose (rats, monkeys, rabbits and mini-pigs). Due to the relatively
short half-life, the repeat-dose PK proﬁle was consistent with the single dose profile.
Volume of distribution values in all species indicated ecallantide could distribute beyond
the blood volume into the tissues. Generally, the exposure increased with increasing dose
in both monkeys and rats with no consistent gender differences in disposition observed.
The exposure appeared to be greater in the cynomolgus monkeys than in the rat. A
biodistribution study showed that radiolabled iodine was detected in all tissues with
highest radioactivity in kidneys at 30 minutes following a single i.v. dose of ecallantide,
but majority of radioactivity was detected in the thyroid, a tissue which is known to
accumulate free iodine, at 6 hour time point.
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2.6.4.2 Methods of Analysis

During the drug development, Ecallantide exposure was measured using 3 different assay
methods of analysis including radiochemical detection of '*’I-DX-88, high performance
liquid chromatography with mass spectrometric detection (HPLC/MS), and enzyme-
linked immunosorbent assay (ELISA). The table below (excerpted from page 7 of
Application section 2.6.4) described the assays formats and analytical labs used in the
studies. Except for the radiochemical method, other assay methods were validated. The
validation reports were not critically reviewed separately but were checked when the
correspondent PK or toxicity studies were reviewed. '

Tahls 2.6.4.1. Assays for the Measurement of Ecallantide Concentration

Method of
Laberatery Analysis Matrix Species LLOQ Validation Report __ Studies
Genzyme Radiochemical  Serum Rat (b) (4) ola GNZ 04-0570P
(Framingham, MA)
()@ HPLCMS Cittedplasma  Rat AA6809-UXZ (10)aas00d
. 2204-001P |
W) \«) HPLC/MS Serum Rat DX005 (0) 1574
Citrated plasma Monkey (4) 3130
Urine
Genzyme ELISA Citrated plasma Rat GENZ-06GSTRO62 (b)00019
(Framingham, MA) o GENZ 0540218PDX
. (6) @)30012
. Citrated plasma Monkey GENZ-OSGSTROIZ | (4746010
(b) ( 4) EDTA phsma Monkey GENZ-05GSTR033 0010
ELISA Ciated plasma Rabbis v (6)-0225 2204-002p
() - [ (b)0003}
Citated plasma Minipig (b) (40204 () 446005
] (b) 446042
ELISA Citmated plagma - Rat 7928-106 (10)44d5021
Citrated plasma Monkey 7928107 (/) 445020
2.6.4.3 Absorption
Rats
(b) (4)

Study . 1571: A Single Dose Intravenous Pharmacokinetic Study in Spragﬁe-Dawley
Albino Rats IR -

This is a non-GLP study conducted by | (b) (4). Eight male and
female rats were intravenously administered with a single dose of 0.6 mg/kg DX-88 (Lot
No. 00799DXP, liquid form, DX-88 in PBS, purity, 97%). One rat per sex (one subgroup)
was sampled at O hour (pretreatment) and at each of 0.25, 0.5, 1, 1.5, 6, 12 and 24 hour
time points following the administration of DX-88. All the serum samples were analyzed
by LC-MS ¢ () (4) (1(B), Method DX005 Version 1). Non-
compartmental analysis was conducted using WinNoLin software (version 1.1). The PK
parameters were summarized in the table below. In this particular study, the half-life was

" prolonged in female rats as compared to male rats. The volume distribution values.
suggest distribution beyond the blood volume into the tissues.
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Table 2. Pharmacokinetic parameters for rats recei\;ing 0.6 mg/kg injection

Variable - Male Rats FemaleRats Al Rats
) o . , L Mean + SD
o : - . (%CV) -
Cmax (pg/mL) v 0.80 . 090 . 0.85 4 0.05
. . v (5:9)
Toaax (min) _ 150 150 150100
- i )
) 36.14 8827 62.21 + 2607
' ‘ (41.9
AUC (030 mi) (p1g-min/mL) —16.50 E 19.30 T 1800 % 15
: e : - (83)
Vs (observed, mL) 170.56 16154 | 166,05 +4.51
: ‘ @n -
MRT (min) 19.09 ' 562 T 1936% 027
4 | (14

Study ®“00019: Subcutaneous Single Dose Toxicokinetic Study of DX-88 in Male Rats

- (non-GLP)

Method: Male Sprague-Dawley rats (n=6/group for TK assessment and n=18/group for
coagulation evaluation) received a single s.c. dose of 0, 5, 10 or 20 mg/kg DX-88
(vehicle was phosphate buffered saline). The blood samples were collected from each rat
at approximately 0.25, 0.5, 1, 2, 4, 8, 16, and 24 hours postdose. Serum concentrations of
DX-88 were determined using an ELISA method with a low quantitation limit of 12.5

- ng/ml (validation report 06GSTR062). The data was analyzed using a non-compartmental

method (WinNonlin, version 5.0.1. Pharsight Corp., Mountain View, CA).

Results:

All rats survived until scheduled termination. Mean pharmacokinetic parameters are
shown in the table below (excerpted from page 21 of the report). Mean AUCq.ins values
appeared to increase in a dose-proportional manner while Cpna values increased in a less
dose proportional pattern. There were trends of prolongation of T, and reductions
ofclearance with increasing dose. Volume of distribution values appeared to increase in a
dose-dependent manner and suggested extensive distribution into tissues.
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B | Group I1 T GronpHI Gromp IV
| Smwkgay 10 mg/kgidey Daghgdsy
N §
Ty (min) -  114+2399 146.0 = 14.45 . 184.7£50.16
Cl (L ‘mindka) 170231 17.6%1.54 - 143%228
Vd fg[._{k;} 2814 =933 37133563 | 4008+ 1490
Coun (megml) 1.69=048 218037 361104
Ca/Dose ] 0340.10 €.22+0.04 0.13£005
(kg*meg/ml./mg) -
Toq (i) - 400x155 50.0% 155 55.0£35.1
L AUG ¢ (mncg*min‘ml) _ 298388 3733524 1383 195
' AUCo,#/Dose , 396+776 . 5732324 692978
{ (mcg*mintkeg/ml | -
Ty = ehmination hatf-$ife
Cl = clearance
Vid = apparent volume of distribution
Croax = n3axinal test uticle conceatration
Tizax = time after dosing C,,,, observed

" AUC.;. = area under concentsation vessus time curve extrapolated to infinity

APTT (activated partial thromboplastin times) were prolonged in the test article-treated
groups at time points up to 4 hours post dose without a dose-dependent pattern and. the
values were comparable at 8 and 16 hours post dose among control and test article-treated
groups.

Study 05-0218PDX: Pharmacokinetics of DX-88 in Cannulated Female Sprague-
Dawley Rats following a Single, Subcutaneous Injection (non-GLP)

Method: Ten female Sprague-Dawley rats received a single s.c. dose of 30 mg/kg DX-88.

The blood samples were collected from each rat at approximately 0.5, 1,2, 4,6, 8, and 24

hours postdose. Serum concentrations of DX-88 were determined using an ELISA
method with a low quantitation limit of 12.5 ng/ml. The data was analyzed using a non-
compartmental method (WinNonlin, version 5.0 Pharsight Corp., Mountain View, CA).

Results: ' . :

All rats survived until scheduled termination. Mean pharmacokinetic parameters are
shown in the table below (excerpted from page 5 of the report). DX-88 concentrations
were detected through 24 hours post dose. The volume of distribution value suggests
extensive distribution into tissues. ' -

PARAMETER Mean * SD
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