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Abstract

Background: Hereditary angioedema (HAE) is a disease characterized by recur-
rent tissue swelling affecting various body locations. Recent literature shows that
patients with frequent attacks may benefit from long-term prophylaxis. This study
evaluated the safety and prophylactic effect of weekly administrations of recombi-
nant CIINH (rhC1INH).

Methods: Patients with a history of HAE attacks occurring >every 2 weeks
received a once weekly administration of 50 U/kg rhCIINH. Hereditary angioe-
dema attack history was collected at screening. Breakthrough attacks during the
study were recorded at each visit. Following a 2-week run-in period, HAE
patients received 8 weekly rhCI1INH administrations and were followed-up for an
additional 6 weeks. Efficacy was evaluated by comparing the HAE attack inci-
dence during the treatment period to the historical attacks over the previous
2 years. Safety evaluation was based on clinical laboratory and adverse events
(AEs) reports.

Results: The 25 participants reported a mean of 0.9 attacks/week over the past
2 years. The mean breakthrough attack rate during the treatment period was
0.4 attacks/week (95% CI 0.28-0.56). A total of 30 treatment-emergent-AEs were
reported in 13 patients, all mild to moderate. One patient died from a laryngeal
attack 25 days after last study drug administration. The only possible drug
related AEs reported were dry mouth, dizziness and anxiety in one patient and
hypotension in another. There were no allergic AEs and no neutralizing antibod-
ies observed.

Conclusions: Weekly administrations of 50 U/kg rhCl1INH appeared to reduce
the frequency of HAE attacks and were generally safe and well tolerated.

Hereditary angioedema (HAE) is a rare disease characterized
by recurrent attacks of tissue swelling affecting various body
locations. In patients with relentless and frequent attacks,
long-term prophylaxis (LTP) has been proposed [1, 2]. Pro-
phylaxis is aimed at reducing the burden of the disease by
preventing the occurrence and attenuating the attacks. Based

Abbreviations
C1INH, C1 inhibitor protein; HAE, hereditary angioedema; rhC1INH,
recombinant human CTINH.
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on clinical experience LTP is provided to patients who suffer
from frequent attacks despite optimal on-demand treatments
[3]. This was previously achieved by attenuated androgens,
anti-fibrinolytic agents and plasma-derived C1INH concen-
trates. However, oral drugs have been associated with
adverse reactions, require regular monitoring and are unsuit-
able for children and women [1, 4-6]. An observational study
of 14 patients followed for up to 19 years showed that
weekly administration of pd CIINH reduced the frequency
of attacks in some but not all patients [7]. Recently, a dou-
ble-blind, placebo-controlled, crossover study in 22 patients,
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twice weekly administration of 1000 U pd C1INH concen-
trate (Cinryze®, Viropharma) was shown to reduce the fre-
quency of HAE attacks by 50% [8].

Recombinant C1 esterase inhibitor, (rhCIINH; Ruconest™;
Pharming Technologies B.V., Leiden, the Netherlands) is a
highly purified, recombinant human C1 esterase inhibitor pro-
duced and purified from the milk of pathogen-free transgenic
rabbits, expressing the gene encoding for human CI1INH to
>99% purity [9]. The efficacy and safety of rhC1INH has been
evaluated and established in two randomized, placebo-con-
trolled, double-blind clinical studies, undertaken in HAE
patients during acute angioedema attacks [10, 11].

We took a further step forward in pharmacotherapy of
HAE by studying a prophylactic regimen with thCIINH in
HAE patients experiencing frequent attacks.

Methods
Overall study design and plan

This was an open-label observational study of once weekly
administration of rhCI1INH at 50 U/kg given over an 8-week
period.

The study was conducted according to the ethical principles
of the declaration of Helsinki (2004) and informed consent
was provided by all patients prior to enrolment. The protocol,
patient information sheet and informed consent form were
approved by appropriate Independent Ethics Committees.

Selection of study population

Twenty-five adult HAE patients from three countries (Roma-
nia 10, Israel 8, and Poland 7) with a confirmed diagnosis of
C1 inhibitor deficiency (Type I or II) were included in the
study (Fig. 1).

N=25
Patients screened

N=25
Eligible patients
(HAE type I: N = 20)
(HAE type Il: N =5)

N=25
Patients receiving
study medication

N=24 N=1
Number of patients Number of patients
whom completed the whom did not
study completed the study*

Figure 1 Disposition of study patients. *The patient died 25 days
after the last study drug administration due to a hereditary angioe-
dema attack.

Allergy 68 (2013) 118-124 © 2012 John Wiley & Sons A/S

Prophylactic use of rhC1INH in HAE

All patients had a history of frequent HAE attacks occur-
ring at least every 2 weeks. Patients were excluded if they
had a history of allergic reactions to CIINH products or to
rabbit protein or elevated IgE against rabbit epithelium (dan-
der).

Treatments administered

A dose of 50 U/kg body weight rhC1INH was administered
by slow IV injection over 4-5 min, once a week during an 8-
week period. Breakthrough acute attacks could be treated
with thCIINH.

Study outcomes

The primary objective of the study was to evaluate the occur-
rence of HAE attacks under prophylactic administration of
rhCI1INH (50 U/kg/week).

The secondary objective was to evaluate pharmacokinetic/
pharmacodynamic (PK/PD) parameters, immunogenicity and
safety of repeated administration of rhC1INH.

Efficacy measurements

Past 2 years attack history and HAE attacks experienced
during the study were recorded.

Pharmacokinetic/pharmacodynamic measurements

Pharmacokinetic parameters, including C,,x and AUC,g, for
functional and antigenic CIINH and C4 were based on con-
centration time curves after the Ist and 8th administration.
Functional CIINH was determined as inhibitory activity
against C1 esterase with a chromogenic assay, and levels of
C4 antigen were determined by nephelometry. All comple-
ment assays were performed in a central laboratory.

Immunology assessments

Blood sampling for immunological analyses took place at
screening, pre-administration (eight times), and at day 7 and
42 after the last administration of rhCIINH. These included:
anti-Host Related Impurities [Anti-HRI (total Ig)], anti-
rhC1INH IgM and IgG. Blood levels of specific IgE to rabbit
dander and cow’s milk was determined at screening. All ana-
lyzed anti-HRI antibody and anti-rhCIINH antibody sam-
ples above the cut-off value for the assays were re-tested in a
displacement assay for confirmation. In addition, if anti-
rhCIINH antibodies were confirmed in the displacement
assay, the sample was tested with a neutralizing antibody
assay. All immunology analyses were performed in a central
laboratory.

Safety measurements

Physical examination, vital signs, ECG and laboratory data
including routine hematology, biochemistry, c-reactive pro-
tein (CRP), activated partial thromboplastin time (aPTT)
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Table 1 Baseline characteristics for the overall study population

N Mean (SD) Min—-Max N (%)

Age (years) 25 37.9 (13.4) 18-65
Weight (kg) 25 73.1 (15.6) 46-99
Height (cm) 25 166.5 (7.4) 155-184
BMI (kg/m?) 25 26.37 (5.53) 18.3-38.2
Gender

Female 20 (80)

Male 5 (20)
Race

Caucasian 25 (100)

and prothrombin time (PT), were recorded at each visit.
Number and severity of adverse events (AEs) experienced
during the study period was monitored.

Results
Study population- baseline

A total of 25 patients were included in the study (Table 1).
All patients included in the study had a history of frequent
HAE attacks over the past 2 years with a mean attack rate
of 0.9 attacks per week (range 0.4-4.5). Twenty three patients
reported the impact of attacks on their quality of life to be
major or resulting in disability.

The participating centers were similar with respect to
demographics and baseline characteristics. However, Roma-
nian patients tended to be older (mean age 44.1 years), while
mean ages of patients from Israel and Poland were 34.1 and
33.4 years, respectively.

Efficacy outcomes

Over the 8 week treatment period the mean breakthrough
attack rate was 0.4 attacks per week (95% CI 0.28-0.56) and
the median 0.25 attacks per week; see Table 2 and Fig. 2.

A total of 21 patients (84%) experienced an attack during
the treatment period, six of whom were treated with
rhCIINH (Table 3).

Concomitant medication

Most patients (24) were taking one or more concomitant
medication during the study period. Twelve (48%) patients
received in total 20 pdClINH treatments: 12 for acute

Table 2 Hereditary angioedema breakthrough attacks

Over past 2 years attacks During the 8 weeks study

per week period attacks per week

Mean 0.9 Mean 0.4

95% CI of mean 0.51-1.30 95% CI of mean 0.27-0.56
Median 0.6 Median 0.3
Range 0.4-4.5 Range 0.0-1.5
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Figure 2 Attack frequency before and during the treatment period.

Table 3 rhC1INH administrations during study

Number of Number of
patients administrations
(N) (N)

Scheduled rhC1INH 21 8

administrations” 4 7

rhC1INH 3 1

administered 2 2

for breakthrough 1 4

attacks’

Total rhCTINH 25 207

administrations

Range of rhC1INH administrations/patient (7-11)

*Four patients received unscheduled administrations.

tTotal amount of treated breakthrough attacks N = 21, 7 of these
attacks were treated with rhC1INH, and 12 were treated with
pdCTINH.

HAE attacks and 8 prior to dental treatment or surgery.
Another frequently reported drug was paracetamol (five
patients).

Laboratory measurements

Hereditary angioedema parameters at screening and during the
study

Median levels of functional C1INH, antigenic C1INH, Clq,
and C4 at screening are summarized in Table 4.

Upon administration of 50 U/kg of rhCl1INH, maximal
functional CIINH concentrations ranged from 119% to
255% at visit 1 and from 124% to 305% at visit 8.

Pharmacodynamics and pharmacokinetics of C4 and func-
tional CIINH during rhCl1INH treatments are shown in
Fig. 3a,b.

Overall, there was a consistency in levels of antigenic
CI1INH, functional CIINH and C4 levels between the Ist
and 8th treatments (Table 5).

Allergy 68 (2013) 118-124 © 2012 John Wiley & Sons A/S
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Table 4 Functional C1INH, antigenic C1INH, C1q and C4 at base-

line
Normal range N Median  Min-Max
Functional C1INH 70-130 25 <28 <24-41
(%)
Antigenic C1INH ~ 0.21-0.39 20 0.053 <0.030-0.195
(a”
C1g (IU/ml) 33.6-96.0 25 79.5 12.7-146
C4 (g 0.1-0.4 24 0.05661 <0.0145-0.272

Below the level of quantification (BLQ) values are included as half
BLQ.

*Antigenic C1INH presented only for the Type | hereditary angioe-
dema patients.
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Figure 3 (A) Normalized C4 concentrations following rhC1INH
administration on Visit 1 and Visit 8. C4 values following rhC1INH
administration were normalized by using each patient’s baseline
value as 100% (dotted line represents 100%). (B) Pharmacokinetics
of rhC1INH treatments on visit 1 and visit 8. The dotted line repre-
sents the lower limit of the normal range of functional C1INH con-
centrations in a healthy population.

Tolerability and safety issues

Immunology assessments

Anti-rhCIINH. Prior to rhClINH treatment, two of 25
patients had presence of anti-rhC1INH antibodies confirmed
by the displacement assay. Two patients developed IgG anti-
bodies anti-rhCIINH after the 3rd weekly exposure to
rhC1INH, which persisted until the last follow-up visit in
one and decreased after the 4th-5th administration in the
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second. None of these antibody responses were accompanied
by clinical symptoms of hypersensitivity, or other clinically
significant abnormalities in routine hematology and biochem-
istry evaluations. Neutralizing antibodies were not detected
in any patient.

Anti-HRI. Three patients had anti-HRI antibodies prior to
first exposure. Eleven out of all 25 patients had above cut-off
anti-HRI values in the screening enzyme-linked immunosor-
bent assay (ELISA) assay confirmed by the displacement
assay. These antibody responses were not accompanied by
clinical symptoms of hypersensitivity, or abnormalities in
routine hematology and biochemistry and urinalyses results.

IgE antibodies. All screening anti-rabbit IgE samples were
negative (<0.35 kU/I). A single baseline borderline value for
cow’s milk IgE (0.48 kU/l) was reported in one patient with-
out any clinical signs of allergy or abnormal routine labora-
tory values following rhC1INH exposure.

Adverse events

A total of 30 treatment-emergent AEs were observed during
the study in 13 patients (52%).Two were serious AEs: acute
appendicitis and laryngeal edema. The former was resolved
3 days after onset with an appendectomy. The latter was a
50 year old female patient who experienced laryngeal edema
and fatally suffocated 25 days after the last administration of
the study drug.

Two events were of severe intensity, eight events were of
moderate intensity and 20 events were of mild intensity. Four
events were considered possibly drug-related by the investiga-
tor. All these events were of mild intensity. These events were
dry mouth, dizziness, hypotension (5 days after dosing), and
anxiety. There were no events that led to study drug discon-
tinuation or study interruption.

Discussion

Hereditary angioedema is a chronic disease manifested by
recurrent episodes of tissue swelling that are painful, disfigur-
ing and potentially life-threatening. Recent statistics from the
US (2004-2007) revealed 10 125 hospitalizations of patients
with HAE, of which 3216 (31.8%) had HAE as the principal
diagnosis [12]. Prophylactic treatment of HAE is aimed to
reduce the burden of the disease, both on the patient and on
health-care systems, by preventing and attenuating angioe-
dema recurrences [2].

Recombinant CIINH is a novel biotech alternative to
human plasma-derived CIINH concentrate, with minimized
risk for infection and virtually unlimited supplies. It has a
proven efficacy and safety for the treatment of acute attacks
of HAE in randomized, placebo-controlled clinical studies
[10, 11]. Therefore, it is a desirable solution for many
patients with attacks and a debilitating disease course.

The present study aimed at exploring the efficacy of
rhC1INH for the prophylaxis of HAE attacks. Participants
had a recent history of multiple attacks, significantly
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Table 5 Results of repeated hereditary angioedema (HAE) laboratory values

95% ClI
Analyte Parameter Ratio V8/V1" Lower limit Upper limit P-value
Functional C1INH AUCq 4 (%/h) 1.06 0.98 1.14 0.1384
Crax (%) 1.04 0.98 1.1 0.1768
Antigenic CTINH* AUCq 4" (9/l/h) 1.02 0.91 1.15 0.6738
Crax (a/) 1.07 0.93 1.24 0.3387
C4 AUCo 4" (g/l/n) 1.00 0.74 1.33 0.9750
Crnax' (9/l) 1.19 0.89 1.59 0.2188

*V8/V1 = Visit 8 compared to Visit 1 data
tData is analyzed using repeated measures ANOVA.
fAntigenic C1INH includes data for Type Il HAE patients (N = 5).

affecting their quality of life, with 88% reporting at least 50
or more attacks in the last 2 years. The study compared rate
of historical attacks to ‘breakthrough’ attacks occurring dur-
ing 8 weekly adminstrations of prophylactic HAE treatments.
Using this protocol we have shown that attack rate can be
reduced, which conforms with the aims of prophylaxis in
HAE management. This is the first study to investigate the
application of thC1INH for prophylactic purposes.
Hereditary angioedema patients most difficult to treat
require numerous on-demand interventions, suffer from
severe psychosocial and family problems and adopt depen-
dence on health-care resources [12, 13]. The concept of long-
term prophylactic treatment (LTP) for HAE was developed
to meet the needs of patients in whom on-demand acute
treatment is inadequate to minimize the suffering related to
the disease. LTP is aimed at reducing the burden of the dis-
ease by preventing the occurrence and attenuating the
attacks. Conceptually, the treatment is provided between
attacks, and recommended to patients who suffer from fre-
quent attacks (i.e. >12 moderate-to-severe attacks per year)
despite optimized on-demand treatment [1, 14]. The circum-
stances under which on-demand treatment could be consid-
ered to have been inadequate are still debated between
experts, without unanimous consensus [2]. Some maintain
that the decision should be based on a subjective, patient-to-
patient evaluation, and others hold the view that the defini-
tion of insufficient benefit from on-demand therapy must be
based on objective evidence, i.e. such as 24 days per year
with even mild angioedema symptoms, or more than one
severe attack per year [14]. Controversy also exists as to the
relative advantages of LTP compared with on-demand treat-
ment of early symptoms. Long-term prophylaxis reduces
attack frequency and severity, and improves quality of life
[15]. However, breakthrough attacks still occur and the total
usage of pdCIINH is often increased [15, 16]. The current
study also found that nearly all patients (84%) had at least
one breakthrough attack despite prophylaxis with rhC1INH.
Intravenous, human plasma-derived CIINH concentrates
has been used for LTP since 1989. The first double-blind,
placebo-controlled cross-over study (six patients in two 17-
day period), with pdCI1INH at 25 U/kg every 3 days, has
shown to reduce HAE disease activity by 60% [17]. Recently

122

another pdCIINH product (Cinryze®, Viropharma) was
administered to 22 patients in two 12-week period), at
1000 U every 3-4 days, showing a reduction of HAE attacks
by 50% [from 12.73 to 6.26, (P < 0.001)]. Additionally, it
also reduced the severity and duration of attacks, the need
for open label CIINH rescue administrations, and the num-
ber of days with HAE-related swelling [8]. There was, how-
ever, a significantly variable response, with some patients
experiencing no change in attack frequency while others hav-
ing almost no attacks. Similar findings were observed in
other uncontrolled clinical studies [7, 16, 18].

It has been postulated that functional CIINH Ilevels
exceeding 0.4 U/ml provide protection [19, 20] and more
recently it was reported that very few attacks occurred in
patients treated prophylactic with pdC1INH with plasma lev-
els (Cmax) above 0.68 U/ml [8, 21]. Nevertheless, no correla-
tion between attack frequency and CIINH levels in plasma
was observed in the only published controlled prophylaxis
study [8], and a threshold C1INH activity plasma level that
provided protection against HAE attacks could not be identi-
fied [22].

It has been argued that rhC1INH’s shorter half-life may
not be adequate for prophylaxis. However, despite the differ-
ent half-lives of rhCIINH and pdC1INH (ranging from 1.6 h
for thC1INH to >30 h for pdClINH products), clinical
relapses were not seen in any of the recent RCT studies using
intravenous C1INH, including rhC1INH [10, 23].

Choi et al. have suggested that even short and transient
restoration of CIINH plasma levels was sufficient to block
the activated pathways and vasoactive mediators leading to
tissue edema for a prolonged time, or alternatively, that
rhCIINH exerted a sustained effect on the vascular endothe-
lium involved in extravasations and tissue fluid accumulation
[24]. This is supported by recent observations in clinical trials
where peak levels rather than half-life of CIINH products
were shown to reflect clinical efficacy and prevention of
relapses [23].

In terms of pharmacokinetics, no significant differences in
PK between visit 1 and visit 8 and no loss of efficacy was
observed in the functional CIINH plasma levels. Addition-
ally, C4 levels increased following treatment with thC1INH
with no significant difference between the first and last visit.

Allergy 68 (2013) 118-124 © 2012 John Wiley & Sons A/S
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This is in-line with the observation of a lag time of 6-24 h
between rhC1INH administration and maximal increase of
plasma, which may reflect decreased breakdown or increased
de-novo C4 synthesis [9].

Possible immunogenicity of a new therapeutic protein is an
important consideration. Previous studies with rhCIINH in
total of 424 treatments, including repeated dose administra-
tions, have shown that the rhC1INH has a low potential to
induce untoward immune response (i.e. anti-HRI or anti-
CI1INH antibodies) [25]. In the present study an occasional
presence of confirmed antibodies to rhCIINH was found,
without evidence for neutralizing or sensitizing activity. Anti-
bodies to HRI were found during the study, but without any
clinical relevance.

Adverse events observed during 13 weeks of study were
assessed as not related to thC1INH. There were no events
that led to study medication discontinuation or interruption.
No trends in laboratory values were observed.

The key limitation of this study was the open-label design
which may have influenced patients’ perception of the effi-
cacy of rthCl1INH. More importantly, attack rate prior to
study entry was obtained from the patients’ recollection,
which is subject to various potential biases, while patients’
recent attacks were routinely recorded during the treatment
period. In addition, there can be significant intra-patient vari-
ation in their disease course over time. Therefore, future
studies of patients with highly frequent attacks should
include meticulous recording of each HAE attack, including
severity.

Given the safety and efficacy of human pdC1INH and our
observations in this pilot study, the prophylactic use with
rhC1INH should be further investigated. Furthermore,
rhC1INH may be considered for self-administration, which
was found effective in some studies and has shown to
improve quality of life in patients with frequent attacks [14,
16, 26-29].
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In summary, weekly administration of 50 U/kg rhCIINH
appeared to reduce the frequency of HAE attacks and was
generally safe and well tolerated. These encouraging findings
warrant further investigation of the clinical value of prophy-
laxis with rhC1INH.
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