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Abstract

Background: Patients with hereditary angioedema with C1 inhibitor deficiency or
dysfunction have burdensome recurrent angioedema attacks. The safety, efficacy,
and health-related quality of life (HRQoL) outcomes of C1 inhibitor (C1-INH) prophy-
laxis (intravenously administered) in patients aged 6-11 years were investigated.
Methods: Eligible patients were enrolled in a randomized, single-blind, crossover,
phase 3 trial. After a 12-week baseline observation period (BOP), patients received
500 or 1000 U C1-INH, twice weekly, for 12 weeks before crossing over to the alter-
nate dose for 12 weeks. The primary efficacy end-point was the monthly normalized
number of angioedema attacks (NNA). HRQoL was assessed using the EuroQolL 5-di-
mensional descriptive system youth version and visual analog scale (EQ-VAS).
Results: Twelve randomized patients had a median (range) age of 10.0 (7-11) years. Mean
(SD) percentage reduction in monthly NNA from BOP was 71.1% (27.1%) with 500 U and
84.5% (20.0%) with 1000 U C1-INH. Mean (SD) within-patient difference (-0.4 [0.58])
for monthly NNA with both doses was significant (P = 0.035 [90% Cl, -0.706 to -0.102]).
Cumulative attack severity, cumulative daily severity, and number of acute attacks treated
were reduced. No serious adverse events or discontinuations occurred. Mean EQ-VAS
change from BOP to week 9 of treatment (500 U C1-INH, 10.4; 1000 U C1-INH, 21.6) was
greater than the minimal important difference, indicating a meaningful HRQoL change.
Conclusions: C1-INH prophylaxis was effective, safe, and well tolerated in children
aged 6-11 years experiencing recurrent angioedema attacks. A post hoc analysis in-
dicated a meaningful improvement in HRQoL with C1-INH.

Trial registration: ClinicalTrials.gov identifier NCT02052141.
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1 | INTRODUCTION

Hereditary angioedema with C1 inhibitor deficiency or dysfunc-
tion (C1-INH-HAE) is a rare inherited disease with an estimated
prevalence of 1:50 000,! characterized by episodic swelling of
the skin, abdomen, and Iarynx.z’5 C1-INH-HAE's clinical manifes-
tations including age of first symptoms, and attack location, fre-
quency, and severity, are heterogeneous."'8 Approximately 50% of
patients have potentially fatal laryngeal attacks.”'° In a European
survey of patients aged 212 years, recurrent acute angioedema
attacks impaired health-related quality of life (HRQoL) to a similar
extent to other serious chronic diseases.!* The HRQoL of patients
aged 3-18 years can be impaired relative to healthy controls, es-
pecially in school and physical domains, due to the frequency and
site of angioedema attacks.!? Questionnaires completed by/for
patients aged 5-18 years in Israel and Hungary found that children
and adolescents had higher anxiety traits correlating with HRQoL
impairment.*®

International World Allergy Organization/European Academy
of Allergy and Clinical Immunology guidelines for managing C1-
INH-HAE recommend C1-INH for first-line long-term prophylaxis.**
Although pediatric patients were included in prior studies of C1-
INH,*® no dedicated randomized clinical trials specifically assessed
children aged 26 to <12 years. As C1-INH was safely used in children
in uncontrolled studies or studies non-specific to a pediatric cohort,
C1-INH is recommended for emergencies.'®

Recent consensus guidelines indicated the need for phase
3 clinical trials specifically targeting pediatric populations.)” In
Europe and the United States, C1-INH (Cinryze; Shire) was re-
cently approved for routine prophylaxis in patients aged 26 years,
but before this study was initiated, it was only approved for adult
and adolescent patients. Interim results of this study were pre-
viously published.!® This article describes full study results in 12

patients.

2 | METHODS

The randomized, phase 3, single-blind, crossover study involved
10 sites in the United States, European Union, Mexico, and Israel
(NCT02052141). Patient assent and written informed consent
from parents/legal guardians were obtained, and the Institutional
Review Board approved study materials. The study adhered to the
International Conference on Harmonisation Good Clinical Practice
guidelines, the principles of the Declaration of Helsinki, and other
local ethical and legal requirements.

Eligible patients were aged 26 to <12 years with a confirmed
HAE type I/l diagnosis, functional C1-INH level <50% of normal, and
an average of 21.0 (2.0 in Germany) attacks/month of moderate or
severe intensity or requiring acute treatment. A randomization pa-
tient number of 12 was targeted due to the ability to enroll patients
aged 6-11 years with C1-INH-HAE.

Key Message

Before this study was initiated, intravenous C1-INH (Shire)
was approved for routine prophylaxis against HAE at-
tacks in the United States and in the European Union in
adolescent and adult patients, but not in pediatric patients
<12 years of age. This study shows that patients aged
6-11 years with recurrent and burdensome hereditary
angioedema attacks would benefit from prophylaxis with
twice-weekly C1-INH (500 or 1000 U) as it is efficacious
and safe, and may lead to a meaningful improvement in

health-related quality of life.

A 12-week baseline observation period (BOP) occurred after
screening. Using the sponsor's randomization schedule, patients
were assigned with equal probability to 500 or 1000 U C1-INH
(intravenously administered by qualified personnel at the inves-
tigational site or at the patient's home/other location), every
3-4 days for 12 weeks before switching to the alternate dose
for 12 weeks with no washout between the doses. Only patients
and parents/caregivers were blinded to treatment sequence and
dose. Attacks were classified as mild, moderate, or severe (se-
verity score 1, 2, or 3). Adverse events were recorded through-
out the study.

Efficacy analyses included patients in the safety set with 21
post-baseline primary efficacy assessment. The primary efficacy
end-point was the monthly normalized number of attacks (NNA)
in a 12-week treatment period. Secondary efficacy end-points
were cumulative attack severity (sum of the maximum symptom
severity score recorded for each attack), cumulative daily severity
(sum of the severity scores recorded for each day of symptoms),
and number of attacks receiving acute treatment. Primary and sec-
ondary end-points were normalized for number of days a patient
participated in a given period, expressed as a monthly frequency.
C1-INH doses were compared using a 2-sided paired t test con-
ducted at @ = 0.1. A post hoc analysis of the patient proportion with
a 250%, 270%, and 290% reduction in NNA relative to baseline was
performed.

To assess a potential carryover effect, primary and secondary
efficacy end-points excluding the first 2 weeks of the second treat-
ment period and then the first 2 weeks of both periods were ana-
lyzed. Treatment and sequence effects for all end-points (without
removing the first 2 weeks of the second treatment period) also
were tested using a mixed-effects model at a = 0.1, with treatment,
sequence, and their interactions as fixed effects and assessments for
same patient within sequence as repeated measurements.

HRQolL was assessed using the EuroQol 5-dimensional descriptive
system youth version (EQ-5D-Y) at screening, weeks 5 and 9 of the
BOP, weeks 1, 5, and 9 of both treatment periods, and each day of an
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angioedema attack. Patients/caregivers used electronic study diaries
to record information on angioedema attacks and complete EQ-5D-Y
questionnaires. The EQ-5D-Y is a descriptive system comprising five
dimensions in child-friendly language (“mobility,” “looking after my-
self,” “doing usual activities,” “having pain/discomfort,” and “feeling
worried, sad, or unhappy”). Each dimension has three problem sever-
ity levels (“no problems,” “some problems,” and “a lot of problems”).
The EQ-5D-Y includes a visual analog scale (EQ-VAS) of overall health
ranging from O (worst imaginable health) to 100 (best imaginable
health). EQ-5D-Y responses and EQ-VAS scores were summarized by
combining those for the same dose for both periods and scheduled
visit using descriptive statistics. EQ-VAS score differences from the
BOP (average of all pre-dose visits during the BOP) to week 9 of each
treatment period were summarized. The minimal important difference
(MID) was estimated using half the SD of the EQ-VAS value during the
BOP 1920

3 | RESULTS

3.1 | Patient demographics and baseline
characteristics

Between March 2014 and May 2017, 4 of 16 screened patients failed
to meet the randomization criteria and 12 were randomized and
completed the study. Table 1 summarizes patient demographics and
baseline characteristics. Most patients received on-demand acute
treatment for an angioedema attack within 3 months pre-screening.
No patients received long-term prophylaxis for HAE with 3 months
before screening or the BOP.

3.1.1 | Greater reduction in monthly NNA with
1000 vs 500 U C1-INH relative to baseline

Five patients were randomized to the 500/1000 U C1-INH treat-
ment sequence and 7 to the 1000/500 U sequence. Patients had
a mean (SD) NNA of 3.72 (3.15) during the BOP (Figure 1A). The
median percentage reduction in NNA from baseline was 76.2% with
500 U C1-INH and 87.4% with 1000 U. The reduction in NNA was
significantly greater (P = 0.035 [90% CI, -0.706 to -0.102]) with
1000 vs 500 U C1-INH (mean [SD] within-patient difference, -0.4
[0.58]).

A >70% reduction in NNA from baseline was achieved by 58.3%
of patients with 500 U C1-INH and 91.7% of patients with 1000 U
(Figure 2A).

3.1.2 | Patients with no attacks

Five of 12 patients (42%) had no attacks in 21 treatment period with
either dose (Figure 2B). Three of 12 patients (25%,; patients 2, 4, and
5) had no attacks with 500 U C1-INH and 4/12 patients (33%,; pa-
tients 2, 3, 4, and 12) with 1000 U (Figure 3). The mean (SD) normal-
ized number of attack-free days was 28.2 (2.7) with 500 U C1-INH
and 29.3 (1.7) with 1000 U.

TABLE 1 Patient demographics, baseline characteristics, and
characteristics of attacks that occurred up to 3 mo before patient
screening

Patients
Characteristic n=12
Age, y, median (range) 10.0 (7-11)
Sex, n (%) Female 7 (58.3)
Race, n (%) White 11(91.7)
Mixed: Black, White 1(8.3)
Body mass index, kg/m?, 18.6
median (range) (13.1-28.2)
HAE type |, n (%) 12 (100)
Patients with first-degree 9 (75.0)
relative with HAE,? n (%)
Patients who received 8(66.7)
HAE therapy 9 mo before
screening, n (%)
Attacks that occurred in 3 mo before screening
Number of attacks, median 5.5(3-48)
(range)
Locations affected by at- Upper airway 3(25.0)
tacks, n (%) Gastrointestinal 12 (100)
tract or abdomen
Genitourinary 2(16.7)
Facial 7 (58.3)
Extremity or 10 (83.3)
peripheral
Average severity of attacks Moderate 9(75.0)
experienced by patient, Severe 3(25.0)
n (%)
Average duration of attack, 1.5 (1-3)
days, median (range)
Patients needing acute 11(91.7)

treatment for HAE attack,
n (%)

HAE, hereditary angioedema.
Six patients had 21 sibling diagnosed with HAE.
?Eight patients had a mother, and 1 had a father, diagnosed with HAE.

3.1.3 | Attack severity and number of acute attacks
treated with rescue medication were reduced

Monthly normalized cumulative attack severity, cumulative daily se-
verity, and number of treated acute attacks were reduced with both
doses compared with the BOP (Figure 1B-D). Mean (SD) change
from the BOP in cumulative attack severity was -5.2 (5.4) [90% Cl,
-8.0to —2.4] with 500 U C1-INH and -5.8 (5.5) [90% Cl, -8.7 to -3.0]
with 1000 U. Mean (SD) change from the BOP in cumulative daily se-
verity was -8.2 (6.5) [90% Cl, -11.5 to -4.8] with 500 U C1-INH and
-10.0 (7.5) [90% ClI, -13.9 to -6.1] with 1000 U. Mean (SD) change
from the BOP in number of treated acute attacks was -1.6 (3.0) [20%
Cl, -3.2 to -0.1] with 500 U C1-INH and -1.9 (3.1) [90% CI, -3.5 to
-0.2] with 1000 U.
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Using a 2-sided paired t test at a = 0.1, there was a significant

difference between either dose for number of angioedema attacks

(P = 0.03), cumulative attack severity (P = 0.05), cumulative daily

FIGURE 1 A, Total number of HAE
attacks. B, Cumulative attack severity. C,
Cumulative daily severity. D, Number of
attacks needing acute treatment. Data

(n = 12) normalized per month. Mean
(SD) values shown at top of each bar.
Minimum/maximum values shown in
square brackets. Mean difference (MD)
between baseline and treatment period
shown

FIGURE 2 A, Clinical response rate.
Proportion of patients achieving at least
50%, 70%, or 90% reduction relative to
baseline in NNA. B, Angioedema attack
and severity profile of patients during
baseline observation period and during
treatment with 500 and 1000 U C1-INH.
Data for full analysis set shown (n = 12)

severity (P = 0.04), and number of treated acute attacks (P = 0.07).

These results were consistent when analyzed using a mixed-effects

model (Appendix 1), and no significant differences for sequence



AYGOREN-PURSUN ET AL.

WILEY-7

100+
= Bl Severe
5 75 3 Moderate
‘uc‘J = Mild
-§ 3 No symptoms
%5 504
c
o
£
2
o 251
o
25.0 33.3
0- . T T
Baseline 500 U 1000 U
C1-INH C1-INH

FIGURE 3 Proportion of patients by attack severity during
baseline observation period and during treatment with 500 and
1000 U C1-INH. Data for full analysis set shown (n = 12)

effect were observed. Two sensitivity analyses conducted to as-
sess any carryover effect, one excluding the first 2 weeks of the
second treatment period and the second without the first 2 weeks
of both treatment periods, showed a significant difference (using
a mixed-effects model at a« = 0.1) between either dose for num-
ber of angioedema attacks (P = 0.03), cumulative attack severity
(P = 0.07), and number of treated acute attacks (P = 0.05), and no
significant differences for sequence effect. There was no signifi-

cant difference between the doses for cumulative daily severity.

3.1.4 | Both C1-INH doses were safe and
well tolerated

Breakthrough HAE attacks, captured as treatment-emergent adverse
events (TEAESs), occurred in 10/12 (83.3%) patients. Within 24 hours
of administration, the most common non-HAE attack TEAEs were
fatigue and/or irritability (Table 2). One HAE attack in one patient
was considered by the investigator as related to C1-INH (1000 U),
and in two patients, mainly mild TEAEs of fatigue (18 events) and ir-
ritability (14 events) were considered related to both C1-INH doses.
Eleven severe breakthrough HAE attacks occurred in five patients
(six during treatment with 500 U C1-INH, three with 1000 U, and
two during follow-up). Furthermore, a severe TEAE (dental caries)
occurred in one patient.

No serious TEAEs or discontinuations occurred (Table 2). All
patients tested negative for anti-C1-INH antibodies following
6 months of total exposure to study drug (2.7 person-years), and no

thrombotic or thromboembolic TEAEs occurred.

3.1.5 | Patients' HRQoL improved, particularly with
1000 U C1-INH

Most patients experienced no problems in any EQ-5D-Y dimension.
At screening and weeks 5 and 9 of the BOP, <10.0% of patients re-
ported problems with mobility and/or feeling worried, sad, or un-
happy; <14.3% reported problems with self-care and doing usual
activities; and <33.3% reported problems with pain/discomfort.
During treatment with 500 U C1-INH (weeks 5 and 9), no patients

reported problems with mobility, self-care, and doing usual activi-
ties; 11.1% reported feeling worried, sad, or unhappy; and <22.2%
reported having pain or discomfort. During treatment with 1000 U
C1-INH (weeks 5 and 9), no patients reported problems with any of
the five dimensions. For simplicity, the patient proportion with no
problems at week 9 is shown in Figure 4A.

The MID for the EQ-VAS was calculated as half the SD at base-
line (13.8); therefore, a change in EQ-VAS score >7 was considered
the minimal important change, with higher EQ-VAS scores indicating
better HRQoL. At week 9, the mean (SD) change in EQ-VAS score
from baseline with 500 and 1000 U C1-INH was greater than the
MID indicating a meaningful change (ie, 10.4 [19.0] with 500 U C1-
INH and 21.6 [13.4] with 1000 U; Figure 4B).

4 | DISCUSSION

World Allergy Organization consensus guidelines highlighted the
optimization of existing long-term prophylactic and on-demand
therapies, for example, by dose-ranging and pediatric-specific
studies, an unmet need of HAE management.14 In a post hoc
analysis of two placebo-controlled and two open-label extension
studies of 1000 U C1-INH, the mean number of attacks in four
patients (aged 9-17 years) was 13.0 with placebo and 7.0 with
C1-INH over 12 weeks, and the median number of monthly at-
tacks in 23 patients (aged 2-17 years) was 3.0 pre-enrollment and
0.39 post—treatment.15 In the open-label study, 87% of patients
aged 2-17 years experienced <1 monthly attack and 22% had no
attacks.'® The reduction in the number and frequency of attacks
with twice-weekly C1-INH is expected to improve the HRQolL of
patients with C1-INH-HAE.*?

In this first blinded, randomized, controlled trial of C1-INH for
prophylaxis targeting patients aged 6-11 years, the interim analysis
in six patients showed that both doses reduced the monthly number
of attacks by a mean of 1.89 compared with the BOP.28 In the com-
plete study described here, mean (percentage) reduction in monthly
number of attacks relative to the BOP was 2.58 (71.1%) with 500 U
C1-INH and 2.98 (84.5%) with 1000 U C1-INH. In both analyses (in-
terim and complete), angioedema attacks were generally less severe
with prophylaxis and fewer attacks required rescue medication. As
in the interim analysis, both C1-INH doses were efficacious, safe,
and well tolerated in children with C1-INH-HAE, but the complete
study demonstrated that the 1000 U dose is more efficacious.
Although some patients had no attacks with 500 U C1-INH, 1000 U
C1-INH induced a statistically significant effect in reducing the num-
ber and severity of attacks and number of treated acute attacks.
Dose and frequency adjustments prevent breakthrough attacks in
adults effectively.?

No attacks occurred in this study for 25% of patients with 500 U
C1-INH and 33% with 1000 U. Similarly, in a placebo-controlled
phase 3 trial of twice-weekly 1000 U C1-INH, 18% of 22 patients
had no attacks,?%2
146 patients had no attacks.?®

and in an open-label extension study, 35% of
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TABLE 2 Treatment-emergent adverse events

Patients who experienced 21 event of that type, n (%) n = 12

Any type of TEAE (within 24 h of administration) 11 (91.7)
HAE attack TEAE (within 24 h of administration) 4(33.3)
Non-HAE attack TEAE (within 24 h of administration)
Fatigue 2(16.7)
Irritability 2(16.7)
Diarrhea 1(8.3)
Gingivitis 1(8.3)
Tonsillitis 1(8.3)
Infusion-site pain 1(8.3)
Excoriation 1(8.3)
Post-traumatic neck syndrome 1(8.3)
Decreased appetite 1(8.3)
Epistaxis 1(8.3)
Oropharyngeal pain 1(8.3)
Erythema 1(8.3)
Coccydynia 1(8.3)
Vascular pain 1(8.3)
Any type of TEAE related to study drug 4 (33.3)
HAE attack TEAE related to study drug 1(8.3)
Non-HAE attack TEAE related to study drug
Fatigue 2(16.7)
Irritability 2(16.7)
Diarrhea 1(8.3)
Erythema 1(8.3)
Pruritus 1(8.3)
Any type of TEAE by maximum severity
Mild? 1(8.3)
Moderate” 4(33.3)
Severe®! 6(50.0)
HAE attack TEAE by maximum severity
Mild? 2(16.7)
Moderate” 3(25.0)
Severe®d 5(41.7)
TEAE during study drug administration 0
Any serious TEAE 0
TEAE leading to study drug discontinuation 0

HAE, hereditary angioedema; TEAE, treatment-emergent adverse event.

?Mild attacks defined as those with noticeable signs and symptoms of an angioedema attack easily tolerated without interfering with routine
activities.

PModerate attacks defined as those that interfered with the patient's ability to attend school or participate in family life and social or recreational
activities.

‘Severe attacks defined as those that significantly limited the patient's ability to attend school or participate in family life and social or recreational
activities.

dsix patients had 12 severe TEAEs: 11 HAE attacks (6 during treatment with 500 U C1-INH and 2 during follow-up, and 3 during treatment with
1000 U C1-INH) and 1 report of dental caries. Patients were counted by the treatment most recently taken when the event occurred. Patients were
counted once per category per treatment. TEAEs were defined as events with a start date and time on or after the first dose of C1-INH and up to 7 d
after the last dose of C1-INH, or with an increase in severity on or after the date and time of first dose.
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MID. A: change

The study's safety findings are generally consistent with those in
the interim analysis and with pediatric and adult subgroups in other
C1-INH studies.’®24

In a recent study, 33 children with C1-INH-HAE had a signifi-
cantly higher anxiety state and trait than 52 healthy controls, which
inversely correlated with HRQoL.*® Few studies have assessed pro-
phylaxis’ effect on the HRQoL of patients with C1-INH-HAE. Lumry
et al used the Short Form 36 (SF-36) version 1.0 questionnaire to
evaluate HRQoL in 22 patients at the start and end of two successive
12-week periods, where patients received placebo or twice-weekly
1000 U C1-INH. For 16 patients, least-square mean differences be-
tween treatment and placebo in norm-based SF-36 scores at the
end of each treatment period were 6.55 (P = 0.015) for physical
component summary score and 8.70 (P = 0.019) for mental compo-
nent summary score, indicating that twice-weekly C1-INH improved
HRQoL.?®

To our knowledge, our study is the first phase 3 clinical trial
evaluating HRQoL in patients aged 6-11 years receiving C1-INH
to prevent angioedema attacks. Patients receiving 1000 U C1-INH

WILEY-%

reported no problems in all 5 EQ-5D domains, and all patients re-
ceiving 500 U had no problems with mobility, self-care, and doing
usual activities at weeks 5 and 9 of treatment. Our HRQoL assess-
ments and those by Lumry et al are limited, as SF-36 and EQ-5D-Y
are not angioedema-specific HRQoL assessment tools that fully ad-
dress characteristic burdens of C1-INH-HAE. Adapting the EQ-5D
questionnaire to assess HRQolL in adults with HAE was previously
investigated“; however, estimates for children are unavailable. Our
analysis also did not test a specific hypothesis for HRQoL and used
descriptive statistics. At week 9 of treatment, EQ-VAS data were
missing for 25% of patients receiving 500 U C1-INH and 50% of pa-
tients receiving 1000 U C1-INH. Due to the disease's rarity and the
patient age targeted, the sample size was small, limiting the study.
Overall, prophylaxis with 1000 U C1-INH was statistically supe-
rior to 500 U C1-INH in reducing monthly NNA and provided bet-
ter outcomes, but some patients also had excellent results with the
lower dose. Both doses were effective, safe, and well tolerated and
reduced the burden of disease for patients aged 6-11 years experi-

encing recurrent angioedema attacks.
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APPENDIX 1 Statistical comparison of end points between the two C1-INH doses

t test Mixed-effects model
Efficacy end-points Mean difference P value? Adjusted mean difference P value®
Number of angioedema attacks -0.40 0.035 -0.43 0.030
Cumulative attack severity -0.66 0.055 -0.71 0.043
Cumulative daily severity -1.85 0.045 -1.71 0.066
Number of treated acute attacks -0.22 0.067 -0.23 0.068

C1-INH, C1 inhibitor. ?P value and 90% confidence intervals are based on 2-sided paired t test at a = 0.1. bp values, 90% confidence intervals,
and adjusted means are based on mixed-effects model at a = 0.1, with period, treatment, and sequence as fixed effects and subject nested
within sequence as random effect.



