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GLOSSARY OF TERMS

A summary of terms used throughout this document is provided below, with brief definitions to
aid reader comprehension.

Term

Clinical global
impression/
improvement
(CGI)

EASSI

FAST

Global
assessment

Laryngeal
treated
population

Non-laryngeal
population

Observation
period adverse
event

Phase III safety
population

Phase III treated
population

Definition

The investigator used a 7-point scale to score the severity of the attack from 1 for
“normal, not at all ill” to 7 for “among the most extremely ill patients” at pretreatment.
The subjects used a 5-point scale to assess the severity of the attack using the question
“How severe do you consider this HAE attack to be?” at pretreatment. Following
treatment, the subject and investigator used a 7 point scale to indicate levels of
improvement in severity of the attack.

Evaluation of the Safety of Subcutaneous Icatibant (self-administration study, Study
JE049-3101)

For Angioedema Subcutaneous Treatment (controlled Phase III studies FAST-1, FAST-
2, FAST-3))

A global assessment of symptoms in 3 areas (cutaneous symptoms, abdominal symptoms
and laryngeal symptoms) was performed by the investigator using a 5-point scale.

The laryngeal treated population included all patients with laryngeal attacks who were
treated with double-blind or open label icatibant and used data from the patient’s first
laryngeal attack to explore the efficacy of icatibant for the treatment of laryngeal attacks.
Analyses were limited to data corresponding to the subject’s first icatibant-treated
laryngeal attack regardless of whether that attack occurred in the controlled or open label
phase of the studies.

The non-laryngeal population included all randomized patients whose first attack on
study was either cutaneous or abdominal; randomized patients with laryngeal first attacks
were excluded. This is considered the intent-to-treat population used data resulting from
the randomized, double-blind treatment with icatibant or control for the main analysis of
each efficacy endpoint and allowed comparisons to comparator treatment. Analyses
were limited to data corresponding to the subject’s first attack.

For safety analyses in pooled Phase III populations, adverse events were monitored
continuously from study drug administration through the Day 14 visit for each study
drug-treated attack. Observation period adverse events were defined as treatment
emergent adverse events occurring prior to or on the Day 14 visit or study
discontinuation, which ever occurred first, for each study drug-treated attack.

The Phase III safety population included all (both non-laryngeal and laryngeal)
randomized and treated patients from the controlled Phase III studies and used data from
double-blind treatment (icatibant or control) of the patient's first attack for analyses of
safety and allowed safety comparisons for icatibant and comparator treatment.

The Phase I1I treated population included all patients (with either non-laryngeal or
laryngeal attacks) from the controlled Phase III studies who were treated with
double-blind, as well as open-label icatibant. The Phase III treated population was used
to explore efficacy and safety of repeated treatment with icatibant. Although all repeat
attacks were analyzed, most analyses conducted with this population were focused on
data corresponding to the patient’s first 5 icatibant-treated attacks due to the small
number of patients with more than 5 icatibant treated attacks. Results were summarized
by icatibant-treated attack number.

Shire
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Rescue Rescue medication was any medication immediately necessary to alleviate acute
medication symptoms which were judged by the investigator as resultant from the current HAE

Symptom scores

Time to almost
complete
symptom relief
(TACSR)

Time to initial
symptom
improvement
(TISD)

Time to onset of
symptom relief
(TOSR)

Time to onset of
primary
symptom relief
(TOSR-P)

Treatment-
emergent
adverse event

Visual analog

attack.

Attack symptoms were evaluated by the subject (skin swelling, erythema, irritation, skin
pain, abdominal pain, nausea, vomiting, diarrhea, difficulty swallowing, and voice
change) and investigator (skin swelling, erythema, skin pain, abdominal pain, nausea,
abdominal tenderness, vomiting, diarrhea, difficulty swallowing, voice change, breathing
difficulties, stridor, and asphyxia) using a 5-point scale for each individual symptom.

Time to almost complete Symptom relief was calculated from the time of treatment
administration to the onset of almost complete symptom relief. Almost complete
symptom relief was determined as the earliest of 3 consecutive non-missing
measurements for which all VAS scores were less than 10 mm.

Time to initial Symptom improvement (TISI) was the time at which initial improvement
of the symptoms was noticed, and was reported separately by the patient and the
investigator.

Time to onset of Ssymptom relief (TOSR) was calculated from the time of treatment
administration to the onset of symptom relief. Symptom relief was determined as the
earliest of three consecutive non-missing measurements in which there is at least a 50%
reduction in the pretreatment composite VAS score. TOSR was the primary endpoint in
FAST-3 and was calculated post hoc for FAST-1 and FAST-2 based on prospectively
collected single VAS data in those trials.

Time to onset of Symptom relief for the primary attack symptom was calculated from
the time of treatment administration to the onset of primary symptom relief. Primary
symptom relief was determined as the earliest of 3 consecutive non-missing
measurements in which there is a reduction to less than Y = 6/7 X —16 in the
pretreatment primary VAS score, where X = pretreatment VAS for the symptom and Y =
post-treatment VAS

TOSR-P was the primary efficacy endpoint in FAST-1 and FAST-2.

Treatment-emergent adverse events were defined as those adverse events which occurred
or worsened after the time of the first study drug administration.

The VAS is a scale used to measure the intensity of each symptom of the attack at

scale (VAS) baseline and at the pre-determined time points throughout the treatment period. It
consists of a horizontal 10 centimeter line, with the 0 point corresponding to a state
where the patient experiences no symptoms at all and the 10 cm point represents the
worst symptoms ever experienced by the patient. The patient indicates his or her current
state of symptoms by drawing a mark across the horizontal line.
The VAS was the chief patient reported outcome (PRO) symptom assessment tool used
in the Phase III studies. Unless otherwise specified, VAS refers to a VAS for a single
symptom.

VAS-3 (3- For attacks classified as abdominal or cutaneous, this composite VAS score (VAS-3) was

symptom calculated as the average of 3 symptoms: skin pain, skin swelling, and abdominal pain.

composite This endpoint allows for comprehensive evaluation of the heterogenous symptoms

VAS) . ) .
experienced by patients across abdominal and cutaneous attacks.
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VAS-5 (5- The composite VAS score for laryngeal attacks (VAS-5) was calculated as the average of
symptom 5 symptoms: skin pain, skin swelling, abdominal pain, difficulty swallowing, and voice

composite VAS  change.

This endpoint allows for comprehensive evaluation of the heterogenous symptoms
experienced by patients across abdominal, cutaneous, and laryngeal attacks.

Worsening or As delineated in the Phase I1I study protocols, investigators were asked to report

recurrence of worsening or recurrence of HAE symptoms within 48 hours of study drug administration

HAE as an adverse event. If symptoms worsened or recurred more than 48 hours after study
drug administration, the attack was considered to be a new attack and was not reported as
an AE.
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1 EXECUTIVE SUMMARY
Icatibant Proposed Use

Icatibant is a bradykinin receptor antagonist with a proposed indication for the treatment
of acute attacks of hereditary angioedema (HAE) in adults.

Background Information

HAE is a rare, debilitating, autosomal dominant disorder characterized clinically by
recurrent, unpredictable and complex attacks of edema, inflammation and pain of the face,
larynx, extremities, genitals and gastrointestinal tract that is fatal in some patients.

HAE prevalence is estimated at 1:10,000 to 1:50,000, with 6,000 to 30,000 patients in the United
States.! Known attack stimuli include stress, trauma, surgical procedures, and hormonal
changes. However, many attacks occur without an observable triggering factor, which adds to
the overall complexity of the disease and creates anxiety for the patient. HAE typically presents
as edematous attacks that are non-pitting, non-erythematous and non-pruritic. The frequency of
HAE attacks ranges from less than 1 per year to more than 100 per year and attacks typically last
2 to 5 days if untreated.” The most serious of HAE attacks result in laryngeal edema, causing
obstructiogl 4of the upper airways that may lead to death by asphyxiation if undiagnosed and/or
untreated.™

As a chronic disease, patients become attuned to the initial signs of an HAE attack and play an
active role in their treatment.” HAE research suggests that early intervention can lessen attack
severity and duration, as well as limit progression to other anatomical locations.’ As a result, all
available HAE guidelines and recommendations support prompt intervention when an attack
begins.” Patient feedback suggests that the symptomatology for HAE attacks is significantly
different and distinguishable from other emergent medical conditions.’

Bradykinin is the key mediator of the clinical symptoms of HAE.

The result of functional deficiencies in the kallikrein-bradykinin pathway is a rapid accumulation
of bradykinin (BK). Bradykinin is directly responsible for the clinical symptoms of HAE,
causing increased vascular permeability, vasodilation, and contraction of visceral smooth
muscle. Deficiencies in this pathway cause either a quantitative (Type I) or functional (Type II)
deficiency of complement 1 inhibitor (C1-INH).

Icatibantis a novel, potent and specific antagonist of the BK type 2 receptor with the same
affinity for the receptor as endogenous bradykinin.

Icatibant is a synthetic decapeptide with a similar structure to BK, but with 5 non-proteinogenic
amino acids. It is a competitive antagonist developed to specifically and selectively block the B2
receptor. Icatibant is prepared as sterile, isotonic, acetate buffered solution (pH 5.5+£0.3). The
product is supplied as a 10 mg/mL (free base) solution in a 3-mL pre-filled syringe. The product
is to be stored below 25°C (77° F).
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Icatibant offers the potential for early access to treatment of acute HAE attacks.

While prophylactic and acute treatments are currently available for the treatment of HAE in
adults, these treatments do not completely fulfill the medical needs of many HAE patients. In
treating HAE, a need exists for a medication that will facilitate early intervention for most
patients and allow self-administration for treatment of their attacks when they occur. This will
give patients increased independence and an improved quality of life.

Icatibant provides the opportunity for early intervention and, as such, icatibant offers the
potential to address this unmet medical need.

Icatibant Clinical Trial Overview

A comprehensive clinical dataset has been created to establish the efficacy and safety of
icatibant, despite the rarity of HAE.

In clinical studies, a total of 1055 HAE attacks have been treated with 30 mg subcutaneous (SC)
icatibant. Subcutaneously administered 30 mg icatibant has been administered by a healthcare
provider (HCP) to 129 healthy subjects and 236 patients with HAE and has been
self-administered by 56 patients with HAE. In addition to exposure in clinical studies, over
8,000 patient exposures to Firazyr™ have occurred cumulatively in the postmarketing setting from
European Union regulatory approval on 11 July 2008 through January 2011.

Efficacy and safety were assessed in 3 controlled Phase 111 studies that used similar clinical
designs.

Three double-blind, randomized, controlled Phase III studies (FAST-1, FAST-2, and FAST-3)
have been conducted in patients with Type I or Type Il HAE following initial findings of safety
and efficacy in Phase I and Phase II clinical studies. FAST-3 represents the definitive Phase 111
study for icatibant and is supported by FAST-1 and FAST-2.

The FAST studies were similar in design; each had a controlled phase to assess efficacy and

safety in a randomized, controlled, double-blind setting and an open-label extension phase to
assess treatment of subsequent HAE attacks. FAST-1 and FAST-3 were placebo-controlled;

FAST-2 used tranexamic acid as a comparator.

As shown in Figure 1-1, eligible patients consented to participate in the study and were
instructed to return to the investigational site when their next HAE attack began. At that time,
enrolled patients were randomized and received study drug. Patients and investigators were
asked to rate their symptoms using validated efficacy measures, the visual analog score (VAS),
clinical global impression/improvement (CGI), investigator global assessment, and symptoms
score measurements, through 48 hours after the administration of study drug. Patients were
followed for up to 14 days after study drug administration or until the onset of another HAE
attack, whichever came first. After receiving treatment for their first on-study attack, patients
could participate in the open-label phase of the studies for treatment of subsequent attacks. In
FAST-1 and FAST-2, patients who were screened but did not have an attack while the controlled
phase was open for randomization were also eligible to participate in the open-label phase.
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Figure 1-1  Phase I11 Study Design: Controlled Phase
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The Phase 111 studies used patient-reported outcomes (PROSs) as the instruments to
measure outcomes on patient-reported symptoms such as abdominal pain and skin
pain/swelling.

Following endpoint design precedent for HAE studies, icatibant Phase III studies used a VAS
and symptom score measurements that examined the symptoms of primary importance to
patients (eg, skin and abdominal pain and skin swelling in cutaneous and abdominal attacks as
well as voice change and difficulty swallowing in laryngeal attacks). These symptoms were
identified using literature review, expert input, qualitative and quantitative market research, and
post hoc patient qualitative research. The efficacy measures were validated per FDA guidance as
part of comprehensive patient reported outcome (PRO) validation studies.

The key study endpoints measured “time to a clinically relevant effect” from the patient’s
perspective.

The primary endpoint in the 3 controlled Phase III studies was “Time to onset of symptom
relief”. In FAST-1 and FAST-2, Time to Onset of Symptom Relief was based on a pre-specified
reduction (relative to VAS pretreatment) in the VAS score for a single identified primary
symptom (TOSR-P). The primary symptom was identified based on the type of attack
(cutaneous or abdominal).

Upon evaluation of the results of these studies it was determined that use of a single primary
symptom lacked the ability to capture the full clinical picture of disease activity during an acute
attack, and as suggested by FDA, a composite endpoint was developed.
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The primary endpoint for the definitive Phase III study, FAST-3, was the Time to Onset of
Symptom Relief (TOSR) based on a pre-specified reduction (relative to VAS pretreatment) in a
3-component (cutaneous pain, cutaneous swelling and abdominal pain) composite VAS score
(VAS-3). The VAS-3 was considered to be a more comprehensive and clinically relevant
measure of treatment effect than the primary symptom VAS, as patients may experience multiple
concomitant symptoms during an HAE attack. To facilitate cross-study comparisons, the
primary endpoint used in FAST-1 and FAST-2, the time to onset of symptom relief, TOSR-P,
was specified as the key secondary endpoint for FAST-3. The prospectively collected single
VAS data from the FAST-1 and FAST-2 studies were also used to calculate the 3-component
VAS-3 post hoc to facilitate comparison with the definitive FAST-3 study.

Because reduction in attack duration and severity is a key goal of HAE attack management, the
Phase III studies also analyzed the Time to Almost Complete Symptom Relief (TACSR) (ie, first
of 3 consecutive measures where all VAS measures <10 mm) as a key supportive endpoint.

A listing of other supportive endpoints collected during these Phase III studies can be found in
Appendix 2.

Icatibant Efficacy Data

The Phase 111 clinical studies demonstrate that icatibant is an effective treatment for acute
HAE attacks in adults, including cutaneous, abdominal, and laryngeal attacks, as
demonstrated by reproducible and consistent efficacy across multiple endpoints.

As shown in Table 1-1, patients treated with icatibant demonstrated a statistically significant
improvement in TOSR for cutaneous and abdominal attacks relative to placebo in FAST-3
(p<0.0001) and a significantly faster TOSR-P than tranexamic acid in FAST-2 (p<0.0001).
While the median TOSR-P in FAST-1 was shorter for the icatibant group than for the placebo
group, the difference was not statistically significant (p=0.1217).

Significant benefit in TOSR was also observed in FAST-1 and FAST-2 when these studies were
analyzed according to the primary endpoint as defined in FAST-3. In addition, significant
benefit in TOSR-P was observed in FAST-2 and FAST-3 studies (p<0.0001 for each). All

3 FAST studies also demonstrated a consistent reduction in Time to Almost Complete Symptom
Relief (TACSR) with icatibant treatment, with statistical significance shown in FAST-2
(p=0.0001) and FAST-3 (p=0.0116) (Section 7.1.3.3). Consistent evidence for the efficacy of
icatibant is also demonstrated by the secondary endpoints shown in Appendix 5.
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Table 1-1 Summary of Efficacy Across the Phase 111 Controlled Studies

FAST-3 FAST-1 FAST-2
Tranexamic
Icatibant Placebo Icatibant Placebo Icatibant Acid
Endpoint N=43 N=45 N=26 N=29 N=33 N=38
TOSR
Median (h) 2.0 19.8 23 7.9 2.0 12.0
(95% CI) (1.5,3.0) (6.1,26.3) (1.5,5.1) (5.0, 19.8) (1.5,3.5) (6.0,22.3)
p-value® <0.0001 0.0136 <0.0001
TOSR-P
Median (h) 1.5 18.5 23 5.0 2.0 10.1
(95% CI) (1.0, 2.0) (3.6,23.9) (2.0, 5.0) (3.0, 8.0) (1.5,2.6) (3.5,18.1)
p-value® <0.0001 0.1217 <0.0001
TACSR
Median (h) 8.0 36.0 10.5 19.4 (12.0, 10.0 425
(95% CI) (5.0, (29.0, 50.9) (3.0,31.5) 55.7) (3.5,12.1) (26.0, 59.8)
42.5)
p-value® 0.0116 0.1195 0.0001

TACSR=time to almost complete symptom relief, TOSR= time to onset of symptom relief; TOSR-P=time
to onset of primary symptom relief

TOSR is defined as at least 50% reduction from pretreatment in the 3-symptom VAS score (VAS-3).

TOSR-P is defined as a reduction from pretreatment in the score for a single, primary VAS symptom.
Symptom relief is defined as any reduction below 6/7 pretreatment value -16 mm for pretreatment

VAS>30 mm. This criterion corresponds to a reduction by 31 mm at a pretreatment VAS of 100 mm and by
21 mm at a pretreatment VAS of 30 mm. For subjects with a pretreatment VAS <30 mm, symptom relief
was defined as a 68% reduction from pretreatment.

TACSR is defined as all VAS scores <10 mm.

*  Peto-Peto Wilcoxon p-value

Source: ISE Tables 6.1.1, 8.1.1, and 10.1.

After participating in the controlled phase of the study, patients could elect to enter the open-
label extension phase where they were eligible for treatment with icatibant for subsequent
attacks. In total, 225 patients participated in the open-label extensions. Open-label efficacy data
demonstrated that the response to treatment for repeated attacks was similar to that observed in
the controlled phase of the studies, and also consistent when analyzed for each attack. Figure 1-2
presents the TOSR for the first 5 icatibant-treated attacks in the Phase III treated population,
showing consistent median TOSR ranging from 1.5 to 2.4 hours, which was consistent with the
TOSR for each of the controlled Phase III trials (2.0, 2.3, 2.0 hours for FAST-3, FAST-1, FAST-
2, respectively). Thirty eight (38) patients have also been treated for more than 5 HAE attacks,
with one patient treated for 142 attacks. In these patients with repeat exposure, the efficacy
remained consistent from attack to attack (Section 7.3).
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Figure 1-2  Time to Onset of Symptom Relief (First 5 Icatibant-Treated Attacks)- Phase
111 Treated Population

Symptom relief is defined as a 50% reduction from pretreatment in the 3-symptom composite VAS score.

Only non-laryngeal attacks are summarized since FAST-2 and FAST-1 did not collect VAS scores for laryngeal
symptoms.

For patients previously randomized to placebo or tranexamic acid, their second on-study attack will be their first
icatibant-treated attack.

Data from patients who did not achieve symptom relief within the observation period were censored at the last
observation time. Dot indicates censoring.

Source: ISE Figure 1.4 and ISE Table 6.4

The median Time to Initial Symptom Improvement (TISI) for laryngeal attacks was
0.6 hours.

Laryngeal attacks were experienced by 60 patients over the course of the controlled Phase II1
studies. Because VAS-based laryngeal symptoms were not collected in FAST-1 and FAST-2,
the Time to Initial Symptom Improvement (TISI) as judged by the patient was used across the

3 studies to assess onset of response for laryngeal attacks. Results for patient with laryngeal
attacks were consistent with the icatibant-treated subjects in the controlled Phase III studies. The
median patient-reported TISI was 0.6 hours for all first on-study laryngeal attacks treated with
icatibant across the controlled Phase III studies, compared with a median TISI of 0.8 hours for
each of the icatibant treated non-laryngeal attack groups in the controlled phases of FAST-3,
FAST-2, and FAST-1 (Section 7.4).

Icatibant Safety Data

Icatibant 30 mg SC was well tolerated for the treatment of acute HAE attacks, with a
consistent safety profile across all clinical studies.
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Although almost all patients treated with SC icatibant experienced localized injection site
reactions, these reactions were mostly mild or moderate in severity, and resolved quickly after
icatibant administration without the need for intervention (Section 8.1.4).

Excluding localized injection site reactions, the overall occurrence of adverse events was lower
for the icatibant group than for the placebo group (42.5% and 54.7% of patients,

respectively, experienced AEs within 14 days of study drug administration). There were no
deaths or discontinuations due to AE reported for patients receiving icatibant in the Phase III
studies (Section 8.1.2).

Worsening/recurrence of HAE was expected to occur in the course of an HAE attack due to the
continuously evolving nature of HAE attacks. In all three trials, the protocol designated that any
worsening/recurrences were to be reported as an AE. It was reported in 15.9% of
icatibant-treated patients during the controlled phase of the Phase III studies. The majority of
worsenings/recurrences of HAE were considered mild or moderate and resolved with no or
limited intervention (Section 8.1.5.4).

No hypersensitivity or anaphylactic reactions were reported in patients treated with icatibant.
Three patients tested positive for anti-icatibant antibodies (IgG). The positive results were
transient and all 3 patients maintained efficacy over the treatment period (Section 8.1.6.3).

No clinically relevant trends were observed in the safety profile by age, sex, body weight
category, race, geographic region, concomitant medication, attack severity, or edema location.
The safety profile seen across treatment of subsequent attacks was consistent with that seen for
the icatibant groups in the controlled Phase III studies, and it is consistent with the post-
marketing safety observed to date in countries outside the United States.

The safety profile of self-administered icatibant was consistent with that seen in the
controlled Phase 111 studies.

Self-administration of icatibant was evaluated in the EASSI study, a multicenter, open-label
Phase IIIb study, which assessed the clinical safety and effect of self-administration of 30 mg SC
injections of icatibant for acute HAE attacks. In the ongoing, EASSI study, 56 patients have
received training on and have self-administered icatibant. The safety profile of self-administered
icatibant was consistent with that seen in the controlled Phase III studies and the integrated
safety analyses. No new safety issues have been identified in this ongoing study. The TOSR
was consistent with that observed in the controlled Phase III studies (Section 9.3).

Icatibant Benefit-Risk

Treatment with 30 mg SC icatibant produces a rapid and predictable response for acute
cutaneous, abdominal and laryngeal attacks of HAE with an acceptable safety profile.

Icatibant is a first-in-class B2 bradykinin receptor antagonist with a proposed indication for the
treatment of acute attacks of hereditary angioedema (HAE) in adults.

Patients suffering from an acute HAE attack are in need of a safe and effective treatment that
offers fast access, portability, and the opportunity for earlier intervention than currently approved
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therapies. Subcutaneously administered 30 mg icatibant has been shown to be a safe and
efficacious treatment for acute HAE attacks including cutaneous, abdominal, and laryngeal
attacks, as demonstrated by reproducible and consistent efficacy for icatibant across multiple
endpoints in the double-blind treatment phases of 3 controlled Phase III studies, and upon
repeated open-label use for treatment of subsequent HAE attacks.

Icatibant demonstrated a consistent adverse event profile across the 3 controlled Phase 111
studies. The majority of events were reported at an incidence similar to that observed in the
active comparator (tranexamic acid) group and lower than in the placebo group. The Phase II1
safety data confirmed the safety profile seen in the Phase I and II studies. Additionally, over
8,000 patient exposures to Firazyr™ have occurred cumulatively in the post-marketing setting
from European Union regulatory approval on 11 July 2008 through January 2011.
Post-marketing data are consistent with that observed in the clinical studies, and no safety
concerns have been identified.

Treatment of HAE, including self-administration, is a patient-physician partnership. Existing
international treatment guidelines recommend that every patient with HAE be considered for
self-administration.” With proper training, patients with HAE are able to detect the unique signs
and symptoms of their disease that allow them to distinguish an acute attack from other medical
conditions and to remain actively involved in ongoing treatment and attack management.’
Patient disease awareness, appropriate training, and active participation in the treatment of their
HAE attack symptoms support the benefit of a prompt self-administered treatment following the
onset of an attack. The results of the EASSI study demonstrate that patients were able to decide
when initiation of treatment was appropriate, and they were able to safely self-administer
icatibant to treat their attacks. The safety of self-administered icatibant was similar to
HCP-administered icatibant seen in the controlled Phase III studies, and these patients
experienced a similar TOSR after administration of icatibant.

Shire has proposed specific instructions within the “Patient Counseling Information” section of
the draft labeling for use by physicians in the education of their patients regarding the safe use of
icatibant, including information about when to administer icatibant, when to seek clinical
assistance, and correct injection administration.

Subcutaneously administered 30 mg icatibant was demonstrated to be efficacious in the
treatment of acute HAE attacks with an overall acceptable safety profile.
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2 HEREDITARY ANGIOEDEMA

2.1  Disease Description and Epidemiology

Hereditary angioedema (HAE) is a rare, autosomal dominant disorder characterized clinically by
recurrent and self-limiting attacks of edema. Its prevalence is estimated at 1:10,000 to 1:50,000."
HAE attacks can strike at several anatomical locations, generally categorized into 3 primary
areas, cutaneous, abdominal, and laryngeal. Individuals can experience symptoms for attacks
that differ between attacks. Known stimuli include stress, surgical procedures, and hormonal
changes. However, many attacks occur without a known triggering factor, which adds to the
overall complexity of the disease and burden to the patient. The frequency of HAE attacks
ranges from less than 1 per year to more than 100 per year and attacks typically last 2 to 5 days.?
The most serious of HAE attacks result in laryngeal edema, causing obstruction of the upper
airways that may lead to death by asphyxiation in 30-50% of patients if undiagnosed and/or
untreated.> * Proper diagnosis, patient education, and management have led to a decrease in the
number of patient deaths due to laryngeal edema. However, even among properly diagnosed and
informed patients, HAE attacks can be fatal. »*’

2.2  Pathophysiology

Bradykinin is widely accepted to be responsible for the clinical symptoms of HAE, causing
increased vascular permeability, vasodilation and contraction of visceral smooth muscle.® The
disease is caused by either a quantitative (Type I) or qualitative (Type II) deficiency of C1
inhibitor (C1-INH). A third type of HAE (Type III) has been described, but its pathophysiology
has not been well-elucidated; this condition, therefore, has not been the subject of clinical
studies. The functions of C1 inhibitor include the prevention of C1 complement autoactivation,
inactivation of coagulation factors XIla, XIIf, XIa, and inhibition of activated kallikrein. After a
triggering event, the deficiency in C1 inhibitor results in accelerated release of bradykinin, the
principal mediator of the increased vascular permeability characteristic of HAE, through its
cleavage from high molecular weight kininogen by dysregulated, activated kallikrein. As the
level of circulating BK increases, vasodilation and progressive edema occur at variable
anatomical locations (Figure 3-1).

2.3  Overall Burden of Disease

The unpredictable nature of and need for frequent medical intervention in the acute and
long-term management of attacks of HAE are associated with significant personal and
healthcare-related costs. HAE may affect a patient’s ability to work full time or may increase the
amount of time absent from work, school, or leisure activities that is directly related to the
clinical manifestations of HAE.” Physical pain from an attack often leads to missed work or
school.” ' The potential for a life-threatening laryngeal attack may result in continual anxiety.’
Swelling caused from a cutaneous attack can be embarrassing as well as both disfiguring and
disabling.” ' Patients with HAE are more likely to have depressive symptoms than the general
population and report taking psychotropic or antidepressant medication at a rate nearly twice the
national average.
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The current treatment paradigm also requires trips to healthcare providers, including emergency
care which leads to delays in initiation of HAE treatment. Thus patients' lives and attack
resolution are often dictated by timing and proximity of appropriate medical care.’

2.4  Currently Available Treatments for HAE and Unmet Medical Need

Current medical management of HAE is multi-faceted, including: long-term prophylaxis to
prevent attacks, short-term prophylaxis before elective surgical procedures, and treatment for
acute attacks. Such treatment strategies include therapies that are both approved and unapproved
in the US.

24.1 Currently Approved Therapies for HAE in the US

Treatments currently approved in the US for the treatment of HAE are limited to a C1-INH
product, Cinryze®, for prophylaxis of HAE attacks (short versus long term prophylaxis is not
specified in its product labeling), another C1-INH product, Berinert”, for treatment of acute
facial or abdominal attacks of HAE, and a kallikrein inhibitor, Kalbitor® (ecallantide), for the
treatment of acute attacks of HAE (types of attacks not specified in product labeling). In
addition, a variety of therapies are commonly used “off-label” for HAE. Both the approved and
unapproved treatments form part of a general treatment strategy that can be further divided into
prophylaxis (both short and long term) and treatment of acute attacks.

2.4.2 Treatment for the Prophylaxis of HAE Attacks

C1 inhibitor replacement is approved for prophylaxis and used as such in short and long term
situations. Because currently available C1-INH products are blood-derived, however, they carry
a potential risk of transmission of infectious agents and the potential for hypersensitivity
reactions. They also must be infused intravenously. Despite the availability of C1 inhibitor
replacement and other prophylactic agents, breakthrough attacks still occur.'*

Antifibrinolytics (eg, tranexamic acid, e-aminocaproic acid) have also been used for short and
long term prophylaxis. Their utility in acute attacks has not been studied in clinical trials;
however, they are commonly used for treatment of acute attacks, and such use has historically
been part of therapeutic guidelines. The use of antifibrinolytics in HAE has not been approved
in the United States.

Another class of agents for long-term prophylaxis is the attenuated androgens (eg, danazol or
stanozolol) and plasma-derived C1 inhibitor replacement. Though capable of reducing the
frequency and severity of HAE attacks over time, attenuated androgens have the potential for
significant side effects with chronic use, such as masculinization, hyperlipidemia and hepatic
adenomas.

Icatibant is not intended for use as a prophylactic agent.
2.4.3 Treatment of Acute Attacks of HAE

The indication sought for icatibant in the US is for the treatment of acute attacks of HAE in
adults.
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In the US, C1 and kallikrein inhibitors are available for the treatment of acute attacks of HAE.
Though C1 inhibitor products can provide relief of symptoms in acute attacks, they require IV
infusion and refrigerated storage, and thus may not always be convenient to administer. A
kallikrein inhibitor (ecallantide) has been approved in the United States for treatment of acute
attacks; however, there is a risk of drug hypersensitivity associated with its use. The product
labeling states that ecallantide should only be administered by a healthcare professional with
appropriate medical support to manage anaphylaxis.'*

While acute treatments are available for HAE, they require intravenous administration and
supervision by a healthcare professional which can result in initiation delays that may lessen the
potential therapeutic benefit. No treatment is approved for self-administration for acute HAE
attacks in the United States. Other treatments for acute attacks are primarily palliative and are
intended to ameliorate the symptoms (eg, pain, gastrointestinal manifestations such as nausea
and vomiting) of angioedema rather than to control the HAE attack itself.

244 Accessibility of Therapy for Self-Management of HAE

Publications support that with proper training and experience, HAE patients are able to detect the
unique signs and symptoms of HAE that allow them to distinguish an acute attack and remain
actively involved in ongoing treatment and attack management.’

Prompt intervention has been linked with lessened attack severity, lessened likelihood to
progress to another anatomical site, and sooner symptom resolution; as supported by HAE
clinical data.>"® Current treatment guidelines specify that patients with HAE should initiate
treatment as soon as the patient recognizes the signs and symptoms of an acute attack in order to
arrest the attack cycle, thereby helping to increase personal safety and minimize disruption in
living a healthy and productive life.’ These guidelines, together with patient familiarity with
their condition and ability to recognize and treat attacks, support the ongoing need for
self-administration.

There remains a need for a novel HAE treatment that is readily accessible. Inhibition of
bradykinin action through use of a bradykinin receptor (B2) antagonist is a novel therapeutic
strategy for treatment of clinical symptoms of HAE, and represents the rationale for use of

icatibant, a potent B2 receptor antagonist, in treatment of acute attacks of angioedema in patients
with HAE.
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3 OVERVIEW OF ICATIBANT

3.1 Description of Icatibant

Icatibant is a bradykinin antagonist indicated for treatment of acute attacks of HAE in adults. It
is a highly selective direct inhibitor of bradykinin action, the key mediator of edema in HAE.

Icatibant is a synthetic decapeptide with a similar structure to bradykinin, but with

5 non-proteinogenic amino acids. Icatibant is prepared as a sterile, isotonic, acetate buffered
solution containing sodium chloride, acetic acid, sodium hydroxide, and water for injection,
adjusted to pH 5.5 £ 0.3. The solution does not contain any preservative. The product is
supplied as a 10 mg/mL (free base) solution in a 3-mL pre-filled syringe. The product is to be
stored below 25°C (77° F).

3.2 Mechanism of Action

Icatibant is a potent and selective antagonist of the B2 receptor, and can alleviate the symptoms
of an acute release of bradykinin.'® The B2 receptor is a G coupled protein receptor that is
expressed in multiple tissues, which once bound and activated in the vascular endothelium, leads
to the production of nitric oxide, prostacyclin and cGMP."” The released signaling molecules
cause disruptions in both inter and intra cellular transport, specifically in the cytoskeletal
elements leading to the opening of tight junctions between cells.'® The resulting vascular
leakage and edema are the most recognizable symptom of HAE and are directly attributable to
increases in bradykinin formation. Icatibant has an affinity for the B2 receptor that is equal to
that of bradykinin and is a competitive antagonist of the human B2 receptor.

Bradykinin is produced as a result of a series of proteolytic events that begins with the auto
activation of factor XII which converts pre-kallikrein to kallikrein. Once sufficient kallikrein is
formed, it catalyzes the formation of bradykinin from high molecular weight kininogen."’
Cl-inhibitor therapies which act on at least two targets, plasma kallikrein and factor XIla, act to
reduce the production of plasma kallikrein and the subsequent formation of bradykinin.’ In
contrast, icatibant directly inhibits the action of bradykinin at its receptor target. Thus icatibant
represents a logical and scientifically sound therapeutic approach for the treatment of acute HAE
attacks.
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Figure 3-1  Sites of Action for Icatibant and Approved Treatments for Acute HAE
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Bradykinin is elevated during and after an ischemic insult and has been shown to have beneficial
effects on tissues following ischemia-reperfusion events.”' !

Laboratory studies have shown that perfusion with bradykinin into the heart after periods of
cardiac ischemia reduces the infarct size as well as the duration and incidence of ventricular
fibrillation, improves cardiodynamics, reduces release of cytosolic enzymes, and preserves
energy-rich phosphates and glycogen stores in models of myocardial infarction.”>*’ However, in
animal models blockade of B2 receptors with icatibant worsened ischemia-induced effects in the
heart tissue of rats.”*** While there is a risk of aggravating the deleterious effects of
ischemia-reperfusion during exposure to icatibant there is no evidence that antagonizing the
bradykinin 2 receptor leads to ischemia.

Other molecules such as adenosine and opioids have been shown to have similar benefits as
bradykinin on ischemia-reperfusion injury and operate through distinct yet converging
mechanisms.’®?® These convergent pathways potentially mitigate the risks posed by the
presence of icatibant during the reperfusion phase of a myocardial infarction. Additionally, the
clinical duration of action of icatibant is less than 12 hours, which is a narrow window of time in
which a myocardial infarction would have to occur to realize the potential negative effects of
icatibant on an ischemic event.
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3.3 Regulatory History

Icatibant received Orphan Drug Designation status on 25 November 2003. The development
program was granted Fast Track status by the United States Food and Drug Administration
(FDA) on 15 June of 2004.

Clinical development of icatibant was initiated by Hoechst AG in the early 1990s. Jerini AG
continued clinical development of icatibant after in-licensing the drug from Hoechst Marion
Roussel in 2001. In October 2007, following completion of 2 randomized, blinded, controlled
Phase III studies (FAST-2 and FAST-1) in patients with HAE, a New Drug Application (NDA)
for icatibant (NDA 22,150) was submitted for the treatment of acute attacks of HAE. Following
completion of the review in April 2008, the FDA determined that an additional Phase III study
would be necessary. FAST-1 failed to demonstrate a statistically significant treatment difference
between placebo and icatibant, and there were concerns regarding the use of tranexamic acid as a
comparator in FAST-2 because it was not approved for the treatment of HAE in the United
States. Shire completed its acquisition of Jerini in 2009.

In response to the concerns of the FDA, Shire HGT conducted a third randomized, blinded,
controlled Phase III study, FAST-3, designed to definitively evaluate the efficacy and safety of
icatibant for treatment of acute attacks of HAE.

Data from the FAST-3 study, supported by data from the previously submitted Phase I1I studies
(FAST-2 and FAST-1), plus data from a self-administration study (EASSI) and PRO validation
studies demonstrating the validity of the visual analog scales (VAS) used in the primary and key
secondary endpoints, form the basis of the application that is currently under review by the FDA.

Icatibant was approved for use in the European Union (EU) on 11 July 2008 and is currently
approved in 37 countries worldwide for the treatment of acute attacks of HAE in adults. In
February 2011, the European Commission granted approval for self-administration of icatibant in
the EU.
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4  NONCLINICAL RESULTS

4.1  Summary of Nonclinical Safety

The completed nonclinical data package included single and repeated dose studies, embryofoetal
toxicity studies in rats and rabbits, and the reproductive toxicity package was completed with
fertility and pre-/post-natal studies based in rats and rabbits with subcutaneous administration.
All studies were supported by integrated toxicokinetic measurements. The nonclinical safety
package was completed with genotoxicity testing consistent with current guidelines and
appropriate safety pharmacology studies. All impurities have been qualified by nonclinical
safety assessments. The icatibant-related safety findings observed in the clinic were also present
in the preclinical safety studies. In addition, carcinogenicity testing is ongoing.

4.2 Summary of Nonclinical Pharmacology

The pharmacologic activity of B2 receptor antagonism by icatibant has been demonstrated in

in vitro and in vivo models. Icatibant is a potent antagonist of B2 receptors, with an affinity
similar to bradykinin. In vivo icatibant has been shown to attenuate bradykinin-induced
decreases in blood pressure, as well as increases in bronchoconstriction and nociception. In vitro
studies have shown that icatibant can act as a partial B2 receptor agonist at concentrations
greater than 300 uM. Additional studies done in human skin mast cells have also shown that
concentrations greater than 100 uM led to histamine release. The concentrations of icatibant that
led to agonism of the receptor or histamine release exceed the maximal clinical systemic
exposure by 300 and 100 fold respectively; however such concentrations are likely achieved at
the site of injection. This transient local concentration at the injection site may trigger histamine
release and partial agonism, and may be responsible for the observed injection site reactions.

The interaction of icatibant with human bradykinin 1 and 2 receptors was investigated in a
binding assay (JE049-003). Icatibant bound to the B1 and B2 receptors with an ICsy of 6uM and
4.3 uM, respectively.

Absorption of icatibant from the subcutaneous injection site and time to peak concentration in
plasma are rapid. Catabolism of icatibant results in cleavage of the molecule, forming

2 principal moieties, icatibant (1-5) (M1) and icatibant (7-10) (M2) which are common to rat,
dog and man, thus validating the choice of species used for toxicology. Following
administration of *H-icatibant to rats, with the radiolabel in either the M1 or M2 portions of the
molecule, excretion of radioactivity was predominantly urinary with the major radioactive
components in urine being the M1 or M2 metabolite, depending on the position of the radiolabel.
Very little unchanged icatibant (<10%) was recovered in urine.
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5 PHASE I/ll CLINICAL DEVELOPMENT PROGRAM IN HAE

5.1 Summary of Clinical Studies

In clinical studies, a total of 1055 HAE attacks (including 115 laryngeal attacks) have been
treated with 30 mg SC icatibant. SC icatibant 30 mg has been administered by a healthcare

provider to 129 healthy subjects and 236 patients with HAE. Icatibant has also been
self-administered by 56 patients with HAE in the EASSI (Evaluation of the Safety of
Subcutaneous Icatibant) study (Study JE049-3101).

A summary of the clinical development program for icatibant supporting HAE is presented in

Table 5-1.
Table 5-1 Icatibant Phase I/11 Clinical Development Program for HAE
Study N
Number Study
(Name) Design Dose(s) population
Phase | Studies
JE049- Part 1/Panel 0: open SD sb 0.005, 0.01, 0.025, 0.05, 0.4, 26
1001 S&T, PK/PD, BK Challenge 0.8 mg/kg 4-h 1V infusion. NHV
Part 1/Panels A&B: 2 rotating 0.8, 1.6,3.2 mg/kg 1-h IV infusion
panels, 4-period , sb co 0.15 mg/kg, 24-h IV infusion
S&T, PK/PD, BK challenge
Part 1/Panel C: 4-period db co,
placebo S&T, PK/PD, renal
function
JE049- Db, placebo-controlled, sequential ~ 0.04 mg/kg/1 h, 0.4 mg/kg/0.5 h, 0.4 10
1101 groups, S&T, PK mg/kg/ 0.25 h, IV infusion NHV
JE049- Part 1: db, ascending SC dose, Part 1: SC injection of 0.05(40 Part 1: 16
1102 placebo-controlled mg/mL), 0.2 (40 mg/mL), 0.2 (20 Part 2: 24
Part 2: Randomized, open-label co Mg/ %1L) and ?-4 ([30 mg/mL) mg/kg NHV
icatibant or placebo
S&T, PK/PD
Part 2: SC injection of 0.4 mg/kg (10
or 20 mg/mL) or IV infusion of 0.4
mg/kg icatibant
JE049- Db, placebo-controlled SC icatibant 30 mg or placebo; 3 doses 32
1103 S&T, PK/PD day 1, single dose days 8 and 15 NHV
JE049- Randomized,db, placebo- 0.15 mg/kg/day continuous IV Panel A: 8
2001 controlled, 2-way co, S&T, infusion of icatibant or placebo over 3  patients with
PK/PD, 2 parallel panels days hepatic
insufficiency
Panel B: 8
NHV
JE049- Panel A: Randomized, db, 0.15, 0.3, 0.6, or 1.2 mg/kg/day Panel A: 37
2002 placebo-controlled, escalating continuous IV infusion of icatibant or ~ patients with
dose placebo over 5 days hepatic
Panel B: Open-label, escalating 0.15, 0.3, or 0.6 mg/kg/day continuous  Cirthosis
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Table 5-1 Icatibant Phase I/11 Clinical Development Program for HAE

Study N

Number Study

(Name) Design Dose(s) population
dose IV infusion of icatibant over 5 days Panel B: 4
Efficacy, S&T, PK/PD patients with

hepatorenal
syndrome

HGT-FIR-  Randomized, placebo-active 4 treatment periods; SC icatibant 30 71

061 controlled, co mg or placebo single dose, SC NHV
Safety, effect of single SC dose on  icatibant 90 mg 3 injections,
QT prolongation, PK moxifloxacin 400 mg PO single dose

HGT-FIR-  Open-label, uncontrolled SC icatibant 30 mg (3 x10 mg 3-mL 21

065 S&T, PK of icatibant and injections); multiple dose (3 doses at NHV
metabolites M1 and M2 6-h intervals)

Phase Il Study

JE049- Open-label, uncontrolled, proof of IV icatibant: 0.4 mg/kg (2 h or 30 m 15

2101 concept infusion); 0.8 mg/kg (30 m infusion);  HAE
Sequential dosing of IV and SC single dose ,
icatibant SC icatibant: 30 mg and 45 mg; single

dose

Efficacy, S&T, PK/PD

Abbreviations: co = crossover; db = double blind; HAE = hereditary angioedema; IV = intravenous; NHV
= normal healthy volunteers; sb = single blind; SC = subcutaneous; SD = single dose; S&T = safety and
tolerance; PD = pharmacodynamics; PE = pharmacoeconomics; PK = pharmacokinetics

5.2  Summary of Clinical Pharmacology

Data on the pharmacokinetics (PK) and pharmacodynamics (PD) of icatibant were obtained from
3 early studies using IV administration (JE049 9101, JE049 9103, and JE049 9106), 6 studies in
healthy subjects using IV and SC administration (JE049-1001, JE049-1101, JE049 1102,

JE049 1103, HGT-FIR-061 and HGT-FIR-065), and one study in patients with HAE using both
IV and SC administration (JE049-2101). In addition, the pharmacokinetics of IV icatibant in
non-HAE patients with hepatic and/or renal impairment was investigated in two studies
(JE049-2001 and JE049-2002).

521 Drug Metabolism and Excretion

Icatibant is extensively metabolized to 2 inactive metabolites, M1 and M2, probably by
NADPH-independent proteolytic enzymes, with no involvement of cytochrome 450 (CYP450)
enzymes. In humans, it was shown that only about 5% (range from 2 to 10%) of icatibant is
excreted unchanged in urine. Given the high recovery of both metabolites (up to greater than
90%) excreted in urine, there are no theoretical concerns about inclusion of icatibant-derived
peptides and amino acids in the amino acid pool.
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522 Protein Binding and Drug-Drug Interactions

The in vitro binding of icatibant to human serum plasma proteins is low (44%). No information
is available on the type of proteins that may bind to icatibant or its metabolites.

In vitro studies investigating the effects of icatibant on human CYP450 isoenzymes showed no
evidence that clinically relevant inhibition or induction of these enzymes would be expected.
Accordingly, no drug-drug interaction studies were performed in humans during the clinical
development program. The inhibition of bradykinin degradation by angiotensin-converting
enzyme (ACE) inhibitors, leading to an increased bradykinin concentration, may contribute to
the antihypertensive effect of these drugs. Since icatibant acts as a bradykinin receptor
antagonist, there is a theoretical possibility, though considered remote, of a PD interaction
whereby icatibant may attenuate the antihypertensive effect of ACE inhibitors. Because some
patients receiving ACE inhibitors are known to develop angioedema due to increased bradykinin
levels, use of ACE inhibitors is contraindicated in patients with a history of any type of
angioedema. For this reason, subjects on ACE inhibitors were excluded from the Phase III trials.

5.2.3 Pharmacokinetics

The PK properties of subcutaneously administered icatibant have been thoroughly characterized
in healthy subjects and in subjects with HAE. There is no indication from existing data or any
physiologically-based expectation that the PK properties of SC icatibant overall would differ
significantly between healthy subjects and subjects with HAE.

In the 3 early Phase I clinical studies, icatibant was given by IV infusion at rates and durations
that were constant within a given study, but varied by study, in a series of placebo-controlled,
double-blind studies to healthy male volunteer subjects over a dose range from 0.03 mg/kg to
approximately 0.26 mg/kg (JE049-9101, JE049-9103, JE049-9106). In subsequent IV infusion
studies (JE049-1001 and JE049-1101), doses from 0.005 to 3.2 mg/kg over 1 hour were tested.
All doses up to 1.6 mg/kg over 1 hour were well-tolerated, with 0.4 mg/kg being identified as the
minimum dose having a clinically useful duration of action of about 6-8 hours. In JE049-1001,
which investigated the exposure-response (PK/PD) for icatibant using a human bradykinin
challenge model in healthy subjects, the PD response of icatibant was shown to be relatively
insensitive to dose. At a dose of 0.4 mg/kg, mean peak plasma concentrations of icatibant are
rapidly achieved that are about 50- to 100-fold above the EC50 values necessary for inhibition of
bradykinin-induced effects on blood pressure, heart rate and cutaneous blood flow, making this a
clinically relevant dose. The principal effect of increasing or decreasing dose by as much as
2-fold is a modest change in the duration of effect of approximately 1.5-2 hours.

Overall across IV studies, there was a linear, dose proportional relationship between the
administered dose and plasma exposure as measured by Cp.x and AUC. Elimination of icatibant
was multiphasic with the majority of the drug being eliminated with t;; ranging from
approximately 0.6 hours to 1.5 hours. The clearance of icatibant was similar across studies,
though increasing slightly with increased IV dose. In a study in healthy subjects, the absolute
bioavailability of icatibant after SC administration (10 mg/mL formulation) was determined to be
97.2% (JE049-1102), thus establishing the equivalence in exposure of 0.4 mg/kg IV and 30 mg
SC doses (0.4 mg/kg in a 75 kg subject).
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In single- and repeated-dose Phase I studies in healthy male and female subjects in which doses
of 30 or 90 mg (HGT-FIR-061 and HGT-FIR-065) were characterized, approximately dose
proportional increases in the mean values for Cpax, and AUC were seen between the 30 mg and
90 mg doses. Following SC administration of a single 30 mg dose of icatibant to healthy
subjects (N=96; HGT-FIR-061, HGT-FIR-065), a mean (+ standard deviation) maximum plasma
concentration (Cpax) of 974 + 280 ng/mL was observed after approximately 0.75 hours. The
mean area under the concentration-time curve (AUC.,) after a single 30 mg SC dose was

2165 £ 568 ng-hour/mL, with no evidence of accumulation of icatibant following three 30 mg
SC doses administered 6 hours apart. Plasma clearance (CL/F) after SC administration was
245 £+ 58 mL/min with a mean elimination half-life (t;;) of 1.4 £ 0.4 hours and volume of
distribution at steady state (V) 0f 29.0 + 8.7 L.

The effect of age and sex on icatibant PK was investigated in a repeated-dose SC administration
study in healthy subjects (JE049-1103; n=6 on treatment/group). In this study, there was an
approximately 2.5-fold greater C,,x and approximately 4-fold greater AUC in elderly females
compared to young males. In this small study, the differences seen between males and females,
and young and elderly subjects could not be fully explained by differences in body weight or
body mass index (BMI). In order to more comprehensively address potential demographic
effects on PK, a population PK analysis based on data from 210 treatments representing a total of
98 male and 42 female subjects (age range 19 to 83 years) was then conducted. This analysis
indicated that there was a modest but statistically significant effect of age on icatibant clearance
which is equivalent in magnitude to the known effects of age on renal function. Sex was not a
significant covariate for clearance in this analysis and there was no difference in
weight-corrected clearance values between males and females. Integrated analysis of PK data
from 2 recent Phase I studies in healthy subjects (HGT-FIR-061, HGT-FIR-065; N=103, 51
males, 52 females) showed that over the 18 to 50 year age range for subjects in these studies,
there were no statistically significant trends toward increases or decreases in CL/F (clearance
uncorrected for bioavailability, F) or t;». There were statistically significant positive correlations
between clearance, volume of distribution and body weight. The magnitude of the observed
differences are not expected to be clinically relevant given the overall variability in PK
parameter estimates and the broad exposure-response profile of icatibant, where the main impact
of demographic effects on exposure would be to modestly affect the duration of effect rather than
its magnitude.

The PK properties of icatibant in patients with HAE were investigated in a Phase II study
(JE049-2101). Two males and 2 females were enrolled into each of the 30 mg and 45 mg

SC dose groups (8 patients total). The mean Cp,x and AUC were consistent overall with those
derived in other studies, including studies with healthy volunteers.

Studies in patients with impairment of renal or hepatic function (JE049-2002; (glomerular
filtration rate [GFR] 30-60 mL/min and Child-Pugh score >7 and <15) did not show any
significant differences in the PK of icatibant or its metabolites compared to healthy subjects,
indicating that no adjustment to the proposed 30 mg dose is necessary in populations with mild
to moderate renal or hepatic impairment. Extrinsic factors, such as smoking and concomitant
drugs, were not specifically studied for their effect on icatibant pharmacokinetics during the
clinical development program.
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5.2.4 Pharmacodynamics and Dose Selection

The PD properties of subcutaneously administered icatibant have been characterized in healthy
subjects and in subjects with HAE.

The pathophysiology of HAE attacks and the mechanism of action of icatibant are well
understood, but relevant PD endpoints are not available in clinical studies of HAE subjects
because of the local character and variable pattern of HAE symptomatology. Consequently, a
traditional approach to prediction/estimation of a clinically effective dose in patients using the
exposure-response (PK/PD) relationship represented a significant challenge for icatibant. The
approach used to address this critical drug development issue included the use of a human
bradykinin challenge model in healthy subjects that confirmed a dose-, concentration-, and time-
dependent inhibition of the effect of bradykinin on blood pressure, heart rate and cutaneous
blood flow by IV infused icatibant. The scientific consensus regarding the pivotal role of
bradykinin in the pathophysiology of HAE strongly supports the validity of the human
bradykinin challenge model for elucidating the PK/PD relationships in HAE.

Several Phase I studies and a Phase II study were conducted to select the optimal route and dose
to take forward into the pivotal Phase III efficacy studies. The Phase I dose-ranging bradykinin
challenge study (JE049-1001; dose range tested: from 0.005 to 3.2 mg/kg over 1 h), and PK/PD
modeling of the resulting data identified the minimum dose with a clinically useful duration of
action of about 6-8 hours as 0.4 mg/kg (IV) and a maximum tolerated dose of 1.6 mg/kg. After
confirming SC as the most favorable route of administration with almost complete bioavailability
in a separate Phase I study (JE049-1102), a small, dose-ranging Phase II study in HAE subjects
(JE049-2101; N=15, 20 cutaneous or abdominal attacks) evaluated 0.4 and 0.8 mg/kg doses via
IV infusion, as well as SC doses of 30 mg and 45 mg (0.4 mg/kg and 0.6 mg/kg in a 75 kg
subject, respectively). This study showed no differences in safety or tolerability between dose
groups and equivalent efficacy between dose groups as assessed by symptom relief at 4 hours
post-treatment (VAS scale). The 30 and 45 mg SC doses showed equivalent efficacy and safety
and a shorter time to first improvement of symptoms (subject reported) over IV infusion. Since
confirmed in study JE049-2101 where the efficacy of 30 and 45 mg SC was equivalent, the

30 mg SC dose was selected and consistently employed in the controlled phases of the Phase III
studies.
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6 DESCRIPTION OF CONTROLLED PHASE 111 STUDIES

The efficacy and safety of SC icatibant have been evaluated in 3 controlled Phase III studies in
patients with Type I or Type Il HAE. These studies are collectively known as the FAST studies
(For Angioedema Subcutaneous Treatment). In FAST-1, FAST-2, and FAST-3, icatibant was
administered to patients by HCPs. The controlled phases of these 3 studies are completed. The
open-label extensions to FAST-1 and FAST-2 have concluded, while the open-label extension
phase of FAST-3 is ongoing. Additionally, an open-label uncontrolled Phase IIIb study (EASSI,
EvAluation of the Safety of Subcutaneous lcatibant) of the safety and efficacy of
self-administered icatibant in treatment of acute attacks of HAE is ongoing at this time. Results
presented in this document are based on the 56 patients who had self-administered icatibant at
the time of data cutoff (16 October 2010).

The FAST studies were similar in design; each had a controlled phase to assess efficacy and
safety in a randomized, controlled, double-blind setting, and an open-label extension phase to
assess treatment of subsequent HAE attacks. A summary of the icatibant Phase III clinical
studies is in Table 6-1.

Table 6-1 Phase 111 Clinical Studies with Icatibant

Study N

Number Study
(Name) Design Dose(s) population
Double-blind Controlled Studies

JE049- Randomized, db, controlled, 30 mg icatibant or placebo; 1 SC dose 64 (56

2103 parallel group

randomized, 8

(FAST-1) Efficacy, S&T, PE treat;d open-
label®)
HAE

JE049- Randomized, db, controlled, 30 mg icatibant; 1 SC dose or 77 (74

2102 parallel group

tranexamic acid; 1 dose PO

randomized, 3

(FAST-2)  Efficacy, S&T, PE treated open-
label®)
HAE
HGT-FIR-  Randomized, db, controlled, 30 mg icatibant or placebo; 1 SC dose 98 (93

054 parallel group
(FAST-3) Efficacy, S&T

randomized, 5
treated open-

label)
HAE
Open-Label Extension Studies
JE049- Open-label extension SC icatibant 30 mg; up to 3 doses at 6- 69
2103 h intervals permitted per attack HAE
(FAST-1)
JE049- Open-label extension SC icatibant 30 mg; up to 3 doses at 6- 50
2102 h intervals permitted per attack HAE
(FAST-2)
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Table 6-1 Phase 111 Clinical Studies with Icatibant

Study N

Number Study
(Name) Design Dose(s) population
HGT-FIR-  Open-label extension SC icatibant 30 mg; up to3 doses at 6- 58

054 h intervals permitted per attack HAE
(FAST-3) Ongoing
Phase 111 Self-administration Study

JE049- Open-label, uncontrolled 30 mg icatibant 56

3101 1 SC dose HAE
(EASSI) Ongoing

Abbreviations: co = crossover; db = double blind; HAE = hereditary angioedema; IV = intravenous; NHV
= normal healthy volunteers; sb = single blind; SC = subcutaneous; SD = single dose; S&T = safety and
tolerance; PD = pharmacodynamics; PE = pharmacoeconomics; PK = pharmacokinetics

* In FAST-1, FAST-2, and FAST-3 patients with laryngeal symptoms who were enrolled during the
controlled phase were not randomized and received open label icatibant. FAST-3 was amended
(Amendment 1) and patients with mild to moderate laryngeal symptoms were randomized received blinded
treatment.

6.1 Patient-Reported Outcomes (PRO)

Consistent with precedent from previous HAE studies, icatibant Phase III studies used a visual
analog scale (VAS) and symptom score measurements that examined the symptoms of primary
importance to patients (eg, skin and abdominal pain followed by skin swelling in cutaneous and
abdominal attacks; voice change and difficulty swallowing in laryngeal attacks).

The use of PROs is an accepted approach to directly measure patient symptoms in registration
trials. The FDA issued a guidance on use of PRO in clinical trials’* commenting that “A PRO
instrument (ie, a questionnaire plus the information and documentation that support its use) is a
means to capture PRO data used to measure treatment benefit or risk in medical product clinical
trials”. “A PRO is any report of the status of a patient’s health condition that comes directly
from the patient, without interpretation of the patient’s response by a clinician or anyone else.
The outcome can be measured in absolute terms (eg, severity of a symptom, sign, or state of a
disease) or as a change from a previous measure.”

The FDA guidance