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BACKGROUND Patients >65 years old with hereditary angioedema (HAE) due to C1-inhibitor
(C1-INH) deficiency may have an atered response to treatment and be at higher risk for
treatment-related adverse events (AES) due to comorbidities and polypharmacy.

OBJECTIVE Investigate the safety and efficacy of subcutaneous (SC) C1-INH in patients >65
years old treated in an open-label extension of aphase 3 trial.

METHODS Eligible patients (>4 attacks over 2 consecutive months) were randomized to
receive twice-weekly C1-INH (SC) 40 IU/kg or 60 1U/kg for 52 to 140 weeks. Safety endpoints
and efficacy outcomes were eva uated for patients aged >65 and <65 years.

RESULTS Of 126 subjects treated, 10 were >65 years old (mean age [range], 68 [65-72 years]).
Eight of 10 subjects had multiple comorbidities; 6/10 were taking >5 non-HAE-related drugs
concomitantly. AEs occurring in >1 subject included injection-site bruising (n = 2, related),
injection-site pain (n = 2, related), urinary tract infection (n = 2, unrelated), and diarrhea (n = 2,
unrelated). No thromboembolic events or cases of anaphylaxis were reported. Two subjects >65
years old experienced unrelated serious AES (dehydration and hypokalemiain one and
pneumonia and an HAE attack |eading to hospitalization in another). Six of 9 evaluable subjects
were responders, with >50% reduction in HAE attacks versus pre-study; 6/10 had <1 attack/4
weeks and 3 were attack-free (median

attack rate, 0.52 attacks/month).

CONCLUSION C1-INH (SC) was well tolerated and effective in the management of HAE in these subjects 265 years

old with multiple comorbid conditions and polypharmacy.
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INTRODUCTION

Hereditary angioedema (HAE) due to C1-esterasditoni(C1-INH) deficiency (C1-INH-HAE)

is a rare autosomal-dominant disorder charactebgagcurrent, debilitating attacks of
nonpruritic bradykinin-mediated angioedema that camly affect the tissues of the face, trunk,
extremities, and genitalia, as well as the uppevagis and gastrointestinal trdctThe exact
prevalence of C1-INH-HAE is unknown, but has bestingated to be 1.5 per 100,000.
Symptoms usually commence in childhood, worsenratquuberty, and persist throughout the
patient’s life>® HAE is associated with significant morbidity arhde fatal if laryngeal
angioedema is not managed promptly and appropyiageit can lead to asphyxiatiBAHAE
attacks are unpredictable, making it difficult fiatients to plan for travel or other life events,
and often cause anxiety about future attdcki patients who are untreated, frequency of
attacks can range from a few attacks per yeamtonore attacks per weeR:*° Emotional

stress, physical exertion, trauma, hormonal charagekinfection have been reported to trigger
HAE attacks, but they can occur without any idéatife stimulus-*2

The treatment of HAE in older adults (patier&5S years old) presents several challenges. Age-
related changes in physiology and in pharmacolaadtbsorption, distribution, metabolism, and
excretion) may affect the safety profile of a dm@lder patients, putting them at higher risk for
treatment-related adverse events (ABsSfPatients>65 years old are more likely to have
multiple comorbidities, leading to polypharmacy,igrhin turn may increase the likelihood of
drug-related disease and drug-drug interactldfifie presence of comorbidities may also affect
the clinical course of HAE, especially in femaldigats. In a retrospective study of 150 patients
(mean age, 44.1 years; 16 patieri§ years old), Martinez-Saguer et al reportedtti@annual

mean attack frequency was greater in patients @atttomitant diseases, particularly in female
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patients (48.3 attacks/year in female patients waticomitant disease vs 28.6 attacks/year in
female patients without concomitant disedSéf). the same study, the prevalence of
comorbidities was higher in patier#65 years old, as expected.

The 2017 World Allergy Organization (WAOQ) guidelsyor the management of HAE do not
provide specific recommendations for older patievita HAE, but plasma-derived (pd) C1-INH
is cited as the preferred therapy for long-ternppgdaxis in adult patients with C1-INH-HAE
(types | or I1)!° Intravenously administered pdC1-INH has been alsél for prophylactic
treatment of C1-INH-HAE for several yedrs2In June 2017, the first subcutaneous (SC)
formulation of C1-INH (C1-INH [SC] 60 IU/kg, Haegdd®, CSL Behring, Marburg, Germany)
was approved by the US Food and Drug Administrafi€idA) for routine prophylaxis to
prevent HAE attacks in adolescents and adfili$ie efficacy and safety of

C1-INH (SC) have been demonstrated in the pivptatebo-controlled phase 3 COMPACT
trial (Clinical Study for Optimal Management of Reating Angioedema with Low-Volume
Subcutaneous C1-Inhibitor Replacement Therapykedisas an open-label extension (OLE) of
this trial, in which patients were treated for op2t7 years??°In the COMPACT trial,
prophylaxis with C1-INH (SC) 60 1U/kg twice weekigsulted in a 95% median reduction in
HAE attacks relative to placebo and a >99% medédnction in rescue medication USén the
OLE of this trial, the median annualized attaclesawvere 1.3 and 1.0, and annual median rescue
medication use was 0.2 and 0.0 times per yearecsisply, with the C1-INH (SC) 40 IU/kg and
60 IU/kg dose$? In addition, long-term prophylactic therapy with-ONH (SC) was well
tolerated, with a low incidence of AEs (11.3 and &vents per patient-year with C1-INH [SC]

40 IU/kg and 60 1U/kg, respectivelsf.
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In the current post-hoc analysis, we evaluatecetheacy and safety of C1-INH (SC) in the
subgroup of subjects with C1-INH-HAEES years old treated in the OLE of the COMPACT
trial to determine whether older age and comoraslinight affect the efficacy and safety

profile of C1-INH (SC).

METHODS

The OLE of the COMPACT trial was a multicenter,damized, parallel-arm study and included
patients who had completed the placebo-control@dI@ACT trial, as well as C1-INH (SC)-
naive patients. Eligible patients (ag@ years witl>4 attacks over 2 consecutive months before
enrollment in the OLE or the COMPACT trial) weredamly assigned to receive C1-INH (SC)
40 IU/kg or 60 IU/kg twice weekly for 52 weeks. ats in the United States had the option to
continue treatment for up to 140 wedksgure 1). The study included 2 treatment periods
(TPs)—during the first treatment period (TP1, 24k, patients experiencird2 HAE attacks
per 4-week evaluation period were eligible for aroental dose increases of 20 1U/kg up to a
maximum of 80 IU/kg at the discretion of the invgator. In TP2 (28 weeks), patients
experiencing3 attacks within an 8-week evaluation period wéigtlde for dose increases to

optimize treatment respon$e.

The primary objective of the OLE study was to assks long-term safety of C1-INH (S&).

The primary, prespecified endpoints were persom-imsidence rates of related serious AEs;
AEs leading to premature discontinuation; AEs afcsal interest (thromboembolic events,
anaphylaxis); HAE attacks resulting in hospitali@at injection-site reactions graded severe by

the investigator; and the development of anti-CHidhtibodies® Efficacy endpoints included
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the percentage of patients with <1 attack per 4kvpeegiod, and the percentage of responders

(patients wit250% reduction in attacks relative to the pre-stpegiod)®

In this post-hoc analysis, patients were analyzedde subgroups (<65 years at@b years at
OLE study entry), based on the FDA definition @jaaiatric population. Safety outcomes and
the following efficacy endpoints were evaluatedtfuese 2 age subgroups: time-normalized
number of HAE attacks, percentage of respondetsparcentage of patients with <1 attack per
4-week period. Informed consent and IRB review wnaisrequired for this study as existing data

was utilized for post-hoc analysis.

RESULTS

Baseline Demographic and Disease Characteristics

Of the 126 patients randomized to treatment witAMH (SC) in the OLE of the COMPACT
trial, 10 were>65 years oldTable 1). The mean age in this older subgroup was 68 Yeange,
65-72 years) and the meangtandard deviation [SD]) weight was 97.5 k871.3 kq),
substantially higher than the mean weight in subje65 years old (844 23.2 kg). Mean body
mass index (BMI) was also higher in the older sobpr(33.8 kg/rvs 28.8 kg/rf). Eight of
these subjects had HAE type |, and 2 subjects & type II, consistent with the overall

epidemiology of HAE-

All 10 subjects>65 years old hadl comorbidity, with the majority (8/10) having mple
comorbidities: 8 had hypertension, 5 had diabetelitors, and 6 had

hyperlipidemia/hypercholesterolemia. In additiorsubjects had anxiety and/or depression
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disorders. Based on World Health Organization dkdims of overweight (BME25 kg/nf) and
obesity (BMI>30 kg/nf),?" all patients were overweight and 7 of 10 were eb€snsistent with
the presence of multiple comorbidities in this olgeoup, polypharmacy was common as well,

with 6 subjects taking more than 5 drugs for theseorbidities during the study &ble 2).

In subjects>65 years old treated with C1-INH (SC), the mediam@e) duration of treatment in
the efficacy evaluation period was 75 weeks{t3&3 weeks). Two of the C1-INH (SC)-treated
subjects were randomized to the 40 |U/kg dose atodi®e 60 IU/kg dose. Subjects 3 and 6 had
their dose up-titrated from 40 1U/kg and 60 IU/kgspectively. Seven subjects were previously

enrolled in the placebo-controlled COMPACT triatl@hwere naive to C1-INH (SC) treatment.

No subjects in the older subgroup discontinuedtdws AE. One 68-year-old subject withdrew
from the study after ~8 weeks because the “studyta@ much of a hassle.” Another subject
discontinued after ~2 years due to personal issndsa third withdrew after ~1 year (no reason

provided).

Safety Outcomes

In the overall study population, as well as in shbgroup of subjectst5 years old,

C1-INH (SC) was well tolerated. Local injectionesieactions were the most common AEs and
occurred in 5 subjects. Specific AEs occurring inseibject in the subgroup age6b years old

included injection-site bruising (n = 2, relateidjection-site pain (n = 2, related), urinary tract
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infection (n = 2, unrelated), and diarrhea (n arelated) Table 3 and Supplementary Table

1).

In the overall population (N = 126), 12 serious ABK unrelated to treatment) occurred in

9 subjects, 2 of whom weké5 years old. Subject 1, a 67-year-old female, eepeed
dehydration and hypokalemia during treatment withlISH (SC) 40 IU/kg. The events resolved
and did not lead to treatment discontinuation. 8cti, a 68-year-old male, experienced
pneumonia during treatment with C1-INH (SC) 60 IAnd an HAE attack leading to
hospitalization during treatment with the 80 IUtkgse. Again, the events resolved and did not
lead to treatment discontinuation. There were eattnent-related thromboembolic events or

reports of anaphylaxis in any subjects in either sigbgroup.

Efficacy Outcomes

Of the 9 subjects in the older subgroup evaluati¢hfe responder analysis, 6 were classified as
responders, witk50% reduction in the time-normalized number of H&tEacks during

treatment with C1-INH (SC) relative to the pre-styetriod(Table 4). Two subjects did not
experience a decrease in attacks and 1 subjectienped a 42% reduction. Six of 10 subjects
experienced <1 attack per 4-week period and 3 attaek free. The mean number of HAE
attacks/month decreased from 2.71 before the $tu@y86 with C1-INH (SC). For comparison,
among subjects <65 years old (n = 116), 106 (94%)e113 evaluable for the analysis were
classified as responders, and 98 (85%) had <lkatteek; 47 (40%) were attack-free. The mean

number of HAE attacks/month decreased from 4.46rbehe study to 0.42 with C1-INH (SC).

The 3 nonresponding subjects had multiple comaibgliincluding hypertension, and were

taking multiple concomitant medications. One nopoesler subject (Subject 2) withdrew from
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the OLE after ~8 weeks (patient choice), experiegp& HAE attacks over the study evaluation
period Eigure 2, first panel). The second nonresponder (SubjecbBipteted the OLE study

and reported mostly mild and moderate attacks, orilly 1 severe attack during the 1 year in the
study; of note, this subject’s trough steady-statetional C1-INH level was above the normal
range through most of the year of treatmé&ingir e 2, second panel). The third nonresponder,
Subject 6, reported mild to severe attacks, eveernviinctional C1-INH levels were >40% of
normal Eigure 2, third panel); the frequency of attacks decreaseehwiinctional C1-INH

levels increased to the lower limit of normal.
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Subjects 7, 8, and 10 (all treated with the 60 §kse) were attack-free during the treatment
evaluation period, which ranged from ~1 to 2.6 geArqualitative review of demographic and
disease characteristics of these subjects didewett any predictive factors for an attack-free
response. In the 3 attack-free subjects, functi@ialNH levels were maintained above the 40%
level proposed to have a prophylactic therapedteceat almost time pointsS(pplementary

Table 2).223

DISCUSSI ON

In this post-hoc analysis of subjeet85 years old with C1-INH-HAE treated prophylactlgal
with C1-INH (SC) in the OLE of the COMPACT triall aubjects had multiple comorbidities
and polypharmacy, yet C1-INH (SC) was found to eeagally safe and well tolerated. No
subject in this subgroup discontinued due to anlAERddition, C1-INH (SC) was effective, with
3 of 10 subjects65 years old having no attacks for ~1 to 2.6 yaas6 of 10 having an

average of <1 attack per month.

Studies of older adults with C1-INH-HAE are limit&t?**Older age may influence the clinical
course of C1-INH-HAE and complicate treatment duedncurrent comorbidities and their
associated medication$® In subjects>65 years old treated in the present study, hypsidan
was the most common comorbidity; type 2 diabetelitueeand hypercholesterolemia were also
frequently reported. These findings are consisigthit other studies in similar HAE populations.
In a retrospective study of older patier#8% years) with HAE, hypertension was the most
common comorbidity? In another retrospective HAE study comparing 1&demts <65 years

with 16 older patients, the most common comorleditn the older cohort were arterial
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hypertension (62.5%), autoimmune thyroiditis (31)3&lergic rhinitis (18.8%), and
hypercholesterolemia (18.8%9)The prevalence of these comorbidities was highéne older
cohort. In the same study, the presence of comitidsdvas associated with a higher frequency
of attacks, especially in woménIn our study, all subjects in the older subgroad multiple

comorbidities.

In the 2017 WAO guidelines, pdC1-INH is cited as gheferred therapy for long-term
prophylaxis in adult patients with C1-INH-HAE In the observational Berin€rfC1 esterase
inhibitor [human], CSL Behring, Marburg, Germanipnt registry, intravenous (IV) pdC1-
INH therapy used as acute or prophylactic treatmast found to be safe in older adults with
C1-INH-HAE, with low rates of AEs similar to youngadults®® The results of the present post-
hoc analysis are consistent with the Beriheegistry stud§” and indicate that the SC
formulation of C1-INH is also well tolerated andesas prophylactic treatment in adolescents
and adults, including patiert§5 years old. The most common treatment-relatedéie 1 to

3 mild injection-site reactions per subject, whadturred in 5 of 10 subjects, each reaction

resolving without further treatment.

Adverse events of special interest in the COMPAQEGtudy included thromboembolic events
and anaphylaxis events. Aging itself is a strosg factor for thromboembolic disease, and
diseases such as congestive heart failure, chotisicuctive pulmonary disease, and diabetes
mellitus, which were observed in our older subgr@rp associated with an increased risk of
thromboembolic eventS. There were no thromboembolic events reportediggtoup of

subjects>65 years old, despite the inherent increased miskis age group. In addition, no case
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of anaphylaxis was reported in this older subgr@upn the overall population), despite a

history of drug hypersensitivity in 3 of the 10 fdis>65 years old.

As expected in a population with multiple comorbés, polypharmacy was common in our
subgroup of older subjects, with 6 of 10 taking entivan 5 drugs concomitantly. As C1-INH
replacement therapy is designed to correct an Wyidgdeficiency using the human pdC1-INH
protein, significant drug interactions would notdgected with C1-INH (SC) prophylaxis. This
may be an important consideration in older patients are likely to be taking multiple

medications concomitantly.

All subjects in our older subgroup were overweighbbese and 5 of 10 had type 2 diabetes.
Venous access may be difficult in patients with odoidities, such as type 2 diabetes or
obesity?”*® For such patients, C1-INH (SC) is a conveniergraktive to C1-INH (V) therapy

and obviates the need for venous access.

In conclusion, the results of this post-hoc analpdithe OLE of the COMPACT trial
demonstrated that C1-INH (SC) provides effectiade sand well-tolerated long-term
prophylaxis of angioedema attacks in patier@S years old with C1-INH-HAE in spite of
multiple comorbidities and polypharmacy. Additiomalalyses using a broader definition of

“older” adults (eg>60 years op55 years) are planned.
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Tables

Table 1. Baseline Demographic Characteristics by Age Group

Subjects <65 Years Old Subjects>65 Years Old

Characteristic (n = 116) (n=10)
Age, years
Mean (SD) 38.2 (13.9) 67.9 (2.1)
Range 8-64 65-72
Female, % 61.2 50
Weight, kg, mean (SD) 84.1 (23.2) 97.5 (27.3)
BMI, kg/m? mean (SD) 28.8 (7.2) 33.8 (6.7)

Baseline attack rate before
C1-INH (SC) treatment, mean (SD) 4.4 (3.1) 2.7 (2.5)

BMI = body mass index; C1-INH = C1l-inhibitor; SCsabcutaneous; SD = standard deviation.



Table 2. Demographic and Disease Characteristics of StuthjeSis>65 Years Old|

Subject Gender Age BMnI{2 Chronic Comorbidities Concomitant Chronic Medicato
kg/

1 Female 67 32.1 CHF, depression, diarrhea, lower Levothyroxine, SSRI, ondansetron,
back pain, elevated creatinine, insulin, antipropulsive, gabapentin,
diastolic dysfunction, drug iron, magnesium, PPI,
allergy/hypersensitivity, hydroxychloroquine
fibromyalgia, GERD,
hypercholesterolemia, hypertension,
hypothyroidism, iron deficiency,
irritable bowel syndrome, T2DM,
chronic UTls, hypomagnesemia,
lupus, dyspnea, leg cramps, nausea,
edema, restless legs syndrome

2 Male 68 30.3 Anxiety, chronic pain, COPD, Albuterol, atenolol, duloxetine,
depression, hypercholesterolemia, fluticasone propionate/salmeterol,
intermittent constipation, tiotropium bromide, lorazepam,
hypertension, chronic insomnia, simvastatin, trazodone
degenerative disc disease, retinal
artery occlusion, chronically
abnormal blood differential count

3 Female 66 27.2 Drug hypersensitivity, occasional Cetirizine, fluticasone propionate
arthralgias, allergic rhinitis

4 Male 67 38.6 Anxiety, depression, diarrhea, ED, Verapamil, atorvastatin, liraglutide,

chronic fatigue, chronic UTIs glipizide, zolpidem tartrate,
(related to prostate cancer), elevatedrazodone, amphetamine
GGT, hypercholesterolemia,

hypertension, insomnia, allergic

rhinitis, obstructive sleep apnea,

T2DM

16
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5 Female 71 25.2 Diverticulitis, eczema, degenerativePPI, ranitidine, ipratropium bromide
eye disease, GERD, stomach polyps,
hypertension, degenerative disc

disease

6 Male 68 39.2 Hyperlipidemia, hypertension, Metformin, glimepiride, insulin,
obesity, osteoarthritis, T2DM carvedilol, valsartan, atorvastatin,

canagliflozin

7 Male 67 41.2 Hypertension Metoprolol, HCTZ

8 Female 68 27.8 Hypercholesterolemia, insomnia, Zolpidem tartrate, metoprolol,
allergic rhinitis, tachycardia rosuvastatin, ezetimibe, cetirizine

9 Female 72 31.1 Drug hypersensitivity/ allergy, Metoprolol, aspirin, insulin, HCTZ,
hypertension, hyperuricemia, sulfonamides, allopurinol,
hypokalemia, obesity, T2DM metformin, liraglutide, potassium

10 Male 65 44.8 Systolic ejection murmur, Losartan, glipizide, HCTZ,
depression, diabetic neuropathy, EDmetformin, amlodipine, SSRI,
elevated GGT, hyperlipidemia, pravastatin

hypertension, obesity, allergic
rhinitis, sleep apnea, T2DM

CHF = congestive heart failure; COPD = chronic nlzgive pulmonary disease; ED = erectile dysfungti®@ERD = gastroesophageal reflux
disease; GGT = gamma-glutamyl transferase; HCT¥drdthlorothiazide; PPl = proton-pump inhibitor;F8S: selective serotonin reuptake
inhibitor; T2DM = type 2 diabetes mellitus; UTI Finary tract infection.



Table 3. AE Profile of C1-INH (SC) in Subjects65 Years Old

Adverse Events No. of No. of Events
Patients  (No. of Injections = 1605)
(N =10)
Treatment-related AEs
Injection-site pain 2 2
Injection-site hematoma 1 1
Injection-site hemorrhage 1 1
Injection-site induration 1 1
Injection-site bruising 2 3
Serious AEs
Dehydration 1 1
Hypokalemia 1 1
Pneumonia 1 1
HAE leading to hospitalization 1 1

Unsolicited AEs occurring in >1 patient
Urinary tract infection

2
Diarrhea 2

N w

AE = adverse event; C1-INH = C1l-inhibitor; SC = sutaneous.
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Table 4. Efficacy Outcomes in Subject$5 Years Old Treated Long-term With C1-INH (SC)

Subject C1-INH (SC) C1-INH (SC) Evaluation Responder <1 Attack/
Treatment Dose at Period (weeks) (>50% reduction 4-Week
Status Randomization During in attacks vs Period
(IU/kg) C1-INH (SC) pre-study)
Exposure*
1 Previously 40 48.7 Yes No
treated
2 Previously 60 6.1t No No
treated
3 Previously 40% 117.4 Yes Yes
treated
4 Previously 60 99.1 Yes Yes
treated
5 Previously 60 50.4 No No
treated
6 Previously 60F 133.4 No No
treated
7 Naive 60 116.1 Yes Yes
(attack free) (attack free)
8 Naive 60 50.1 Yes Yes
(attack free) (attack free)
9 Naive 60 50.4 Yes Yes
10 Previously 60 127.1 NES Yes
treated (attack free) (attack free)

C1-INH = C1-inhibitor; NE = not evaluable; SC = sutaneous. *The treatment evaluation period begareeak 3 of treatment. tSubject
withdrew early from the study due to personal reas¢Subject was up-titrate8Due to an investigator data entry error, the attatk during
C1-INH (IV) prophylaxis (0 attacks) was recordedtsss pre-study attack rate; therefore, a percehtation in attacks could not be calculated for
this patient.
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Figurel. COMPACT OLE study design. C1-INH (SC) = subcutarsee@Ga-inhibitor
Figure 2. HAE attack patterns and C1-INH functional activitynonresponding subject65 years old. *Reference range: 70%—

130%. C1=INH = C1=inhibitor; HAE = hereditary angaema



Figure 1. COMPACT OLE study design. C1-INH (SC) = subcutarseeGu-inhibitor

Screening Treatment Period 1 Treatment Period 2 Extension Period Follow-up
/ >3 >
< 4 weeks 24 weeks 28 weeks < 88 weeks 2 weeks

40 IU/kg C1-INH (SC)

Screening
Visit
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Figure 2. HAE attack patterns and C1-INH functional activitynonresponding subject®5 years old. *Reference range: 70%—

130%. C1=INH = C1=inhibitor; HAE = hereditary angaema
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