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Introduction

Hereditary angioedema (HAE) is a rare disease affecting
approximately one in 50,000 patients [1, 2] and is characterized

Abstract

Introduction: The clinical characteristics and icatibant-treatment outcomes of
patients with hereditary angioedema with normal C1 inhibitor (HAE-nC1 INH)
are limited.

Methods: We retrospectively analyzed data from French HAE patients enrolled in
the Icatibant Outcome Survey registry (from July 2009 to September 2013) to
compare disease characteristics and the effectiveness and safety of acute icatibant-
treated angioedema attacks in patients with HAE-nC1 INH, HAE with C1 INH
deficiency (type I), or dysfunction (type II).

Results: One center in Grenoble contributed 22 patients with HAE-nC1 INH and a
family history of HAE while 15 centers across France contributed 153 patients with
HAE type I and seven patients with HAE type II. Patients with HAE-nC1 INH
compared to HAE type I, respectively, were more likely to be female (88.1% vs.
63.4%), older at median age of disease onset (21 years vs. 15 years), and have a
greater rate of abdominal (80% vs. 61%) and laryngeal (23% vs. 14%) attacks.
Icatibant was effective in both groups though the median time to resolution of
attack was significantly longer in the HAE-nC1 INH group (20.0h, 37 attacks)
versus the HAE type I group (14.0 h, 67 attacks). Icatibant was self-administered for
96.1% of attacks in patients with HAE-nC1 INH and 75.8% in patients with HAE
type 1. No serious adverse side effects related to icatibant were reported.
Conclusions: These data help further define the disease characteristics of HAE-nCl1
INH in the French population and extend the limited data reporting the safe and
effective use of icatibant in acute treatment of angioedema in French patients
diagnosed with HAE-nC1 INH.

by recurrent and unpredictable attacks of edema, predomi-
nantly localized to the skin, gastrointestinal tract, extremities,
and upper airway. The two most common forms of HAE,
caused by mutations of the SERPINGI gene, are characterized
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by a deficiency (type I) or non-functionality (type II) of Cl
inhibitor (C1 INH) [3, 4]. However, some patients have a
distinct form of HAE that is not associated with C1 INH
abnormalities, HAE with normal C1 INH (HAE-nC1 INH)
[5, 6]. This condition shares many of the clinical manifestations
of HAE with C1 INH deficiency, including potentially fatal
laryngeal swelling attacks [7, 8]. Recently, international
consensus guidelines cataloguing the diagnosis and treatment
of HAE-nC1 INH have been published [4, 9].

A diagnosis of HAE-nCl INH can be made by an
identification of two known mutations in the coagulation factor
XII gene. Dewald et al. [10] identified factor XII mutations in
HAE-nC1 INH patients. The more common factor XII mutation
causing HAE-nCl1 INH is 1032C — A (Thr309Lys) [10, 11]. A
rarer factor XII mutation causing HAE-nC1 INH is 1032C — G
(Thr309Arg) [9, 10]. These mutations are useful as a diagnostic
aid in approximately 20% of patients [8]. Other patients with
HAE-nC1 INH have an unknown genetic cause, but can be
identified through laboratory testing of plasma concentration or
functionality of C1 INH, lack of effectiveness of long-term
prophylaxis with high doses of anti-histamines, and a positive
family history of angioedema [9, 12].

An additional diagnostic indicator is the involvement of
estrogens as a potential attack trigger [7]. The precise prevalence
of HAE-nC1 INH has to date been confounded by a reliance on
clinical diagnosis and the lack of a validated diagnostic test
[13, 14]. However, several groups have reported disease
characteristics in patients diagnosed as HAE-nCl INH from
Germany [15], Spain [16, 17], Italy [18], and France [8].

In the absence of robust clinical trial data and treatments
approved by regulatory authorities, treatment of HAE-nC1
INH is based on clinical experience with the more common
forms of HAE with C1 INH deficiency and with therapies
that either directly or indirectly modulate bradykinin
metabolism [4]. Icatibant, a bradykinin-2 receptor antago-
nist, is approved in the EU, the US, and some other countries
and regions for symptomatic treatment of acute HAEF attacks
in patients with HAE with C1 INH deficiency based on data
from three Phase III trials [19, 20]. Although icatibant is not
approved for use in patients with HAE-nCl INH, case
reports and series describing the off-label use of icatibant in
these patients have previously been reported [17, 21, 22].

The Icatibant Outcome Survey (IOS) is an international,
prospective observational study documenting safety and
clinical outcomes for HAE patients who received at least one
dose of icatibant (NCT01034969). The IOS thus provides an
opportunity to evaluate icatibant treatment outcomes in
patients with HAE-nC1 INH in the real-world setting. The
aim of this study was to compare the disease characteristics
and outcomes of acute icatibant-treated angioedema attacks
between patients with HAE-nC1 INH in Grenoble center
(France) and patients with HAE with C1 INH deficiency
(type I) or dysfunction (type II) in the French population.
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Materials and Methods

The IOS is conducted in accordance with the Declaration of
Helsinki and the International Conference on Harmonisa-
tion of Good Clinical Practice Guidelines. The protocol was
approved by local ethics committees and/or health authori-
ties, and patients provided written informed consent.
Analyses included data from French patients enrolled in
I0S with a diagnosis of HAE with C1 INH deficiency (type I)
or dysfunction (type II) and HAE-nC1 INH who had been
treated with HCP- or self-administered icatibant between
July 2009 and September 2013.

The design of I0OS has been described previously [23-28].
In brief, symptomatic patients were diagnosed at enrollment
with HAE type I (C1 INH deficiency) or II (normal levels of
C1 INH, but with dysfunctional protein). The distinction
between types I and II HAE was made on the basis of family
history and HAE type II was diagnosed in symptomatic
patients by testing C1 INH concentration and function. In
this case, if C1 INH level was normal or above normal
(>15-50mg/dL) and function was below normal levels
(i.e., <70-130%), then patients received an HAE type II
diagnosis [27]. For HAE-nCl INH (normal C1 INH level
and function), a diagnosis was made in symptomatic
patients if Cl INH level was normal or above normal
(>15-50 mg/dL) and function was normal or above normal
levels (i.e., >70-130%). In addition, for an HAE-nC1 INH
diagnosis, there was evidence that conventional treatment
with antihistamines and corticosteroids was unsuccessful,
and there was either a confirmed Factor XII mutation or
family history of HAE [9]. All data from patients was
collected at the time of enrollment and follow-up visits at
6-month intervals [28]. Outcome measures included patient
demographics and angioedema attack characteristics,
including frequency, location, and severity of attack. In
the IOS, attack severity was either classified as mild (i.e., only
results in a mild interference in day-to-day activities),
moderate (i.e., causes moderate interruption with
day-to-day activities without the need for other counter-
measures), severe (i.e., the effect on daily activities is severe
and may require other countermeasures), or very severe
(ie., the effect on daily activities is very severe, and
countermeasures are necessary). Icatibant treatment out-
comes included validated measures of time to administra-
tion (from symptom onset to first subcutaneous icatibant
injection), time to resolution (duration from icatibant
injection to complete symptom resolution), and attack
duration (time from symptom onset to complete symptom
resolution) (Fig. 1). Treatment outcome data are reported
from patients who provided complete information on time
to administration, time to resolution, and duration of attack.
Safety and tolerability of icatibant treatment were evaluated
as per MedDRA (Version 12).
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Figure 1. Definition of attack outcomes.

Statistical analysis

Patient demographics, attack characteristics, and safety
outcomes are summarized descriptively. Comparison of
time to administration, time to resolution, and attack
duration was performed using a mixed-model analysis of
repeated measures (Proc Mixed: SAS Institute, Cary, NC,
USA). The Chi-square test was used for the comparison of
percentages and the level of statistical significance selected
was o = 0.05.

Results

One hundred and fifty-three patients and seven patients
from 15 centers across France had HAE with C1 INH types I
and II, respectively, while 22 patients from a single site in
Grenoble (France) had HAE-nCl1 INH. The number of
patients recorded with deficient C1 INH type I (84%) is
greater than the number with type II (4%) or normal C1 INH
(HAE-nC1 INH) (12%). Previously reported proportions
for type I, type II, and normal C1 INH are about 85%, 15%,
and <19%, respectively [23, 25]. Obtaining equal numbers of
HAE patients is both impractical and an unrealistic
representation of the HAE population. Interestingly, in
this French cohort, the number of patients with HAE-nCl1
INH outweighed those with type II. The IOS registry,
however, is ongoing, and so in the future, these numbers may
vary as more accurate HAE diagnoses are made. Patients
with a diagnosis of HAE-nCl INH were predominantly

Table 1. Patient demographics.

Hereditary angioedema in a French cohort

female (81.8%). Patient demographics are described in
Table 1. All 22 symptomatic patients in this study who were
identified to have normal C1 INH, had a confirmed family
history of HAE but did not have a genetic C1 INH deficiency
suggesting that they had normal C1 INH activity in their
plasma. Sixteen of these patients were tested for the presence
of a Factor XII (FXII) mutation and four of these patients
were confirmed as having this mutation (confirmed as a
large deletion or rearrangement in the FXII gene) and nine of
these patients were found to not have the FXII mutation. Out
of the remaining 3/16 patients that were tested for the FXII
mutation, one patient had a single nucleotide polymorphism
(c.2399C>A) in the gene encoding aminopeptidase P that
has previously been shown to be associated with increased
levels of bradykinin [29], one patient did not have a large
deletion or rearrangement in the FXII gene but had the
p-Thr328Lys variant in FXII which is associated with higher
FXII amidolytic activity [11, 30], and one patient had an
unknown genetic cause.

Attack characteristics

Data enabling evaluation of icatibant-treated attack charac-
teristics was available for 61 patients (214 attacks) with HAE
with C1 INH deficiency (type I), three patients (11 attacks)
in the HAE with C1 INH dysfunction (type II) group, and 10
patients (90 attacks) in the HAE-nC1 INH group (Table 2).
The proportion of severe/very severe attacks was lower for
patients with HAE type I (86.4%) than HAE-nCl1 INH
(94.7%). Attack characteristics were only recorded for two
out of 11 attacks in HAE type II patients, one of which was
classed as severe or very severe. Icatibant was predominantly
self-administered in both the HAE-nC1 INH and HAE type I
groups. A single icatibant injection was administered in
78.6% of attacks in patients with HAE type I with 18.9% of

HAE type I, n=153 (%)

HAE type Il, n=7 (%)

HAE with normal C1 INH?, n=22 (%)

Gender, n (%)
Male 56 (36.6)
Female 97 (63.4)
Median age at n=15238.0 (27.5-51.6)
enrollment,
years (IQR)
Median age at
first
symptoms,
years (IQR)
Median age at
diagnosis,
years (IQR)

n=115, 15.0 (8.0-20.0)

n=132, 20.3 (13.9-33.6)

n=7,53.4 (28.4-55.2)

n=5, 20.0 (15.0-23.0)

n=6, 31.8 (27.5-49.7)

5(71.4)
2 (28.6)

4(18.2)
18 (81.8)
n=22, 35.1 (28.0-42.8)

n=19, 21.0 (16.0-29.0)

n=21, 29.4 (23.5-40.2)

IQR, Interquartile range.
20ff-label use.
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Table 2. Attack characteristics for attacks treated by icatibant.

HAE type |, HAE type II, HAE with normal

Parameter (n=153) (n=7) C1 INH*?,(n =22)
Number 61 3 10

of

patients
Number 214 11 90

of

attacks
Severe/ 86.4 50.0 94.7

very

severe

attacks®, %
Icatibant administration, %

HCP 24.2 0.0 3.9

Self- 75.8 100 96.1

administered
Number of icatibant injections, %

One 78.6¢ 100 70.0
Two 18.9 0 24.4
Three 2.4 0 5.6

2Off-label use.

bpatients with a confirmed family history of HAE.

‘One patient with HAE with C1 INH deficiency typically administered
icatibant at the prodromal stage, commonly using further injections as
the attack started. Excluding this patient, 83.4% of attacks in patients
with HAE with C1 INH deficiency required only one icatibant injection.
9Data missing for 45 HAE type | attacks and nine HAE type Il attacks.

attacks requiring a second injection, while a single icatibant
injection was administered in 70.0% of attacks in patients
with HAE-nC1 INH with 24.0% of attacks requiring a
second injection. Patients with HAE-nCl INH compared
with patients with HAE type I reported a greater percentage
of attacks localized to the abdomen (80.0% vs. 61.0%,
respectively) and larynx (23.0% vs. 14.0%, respectively).
Patients with HAE type II experienced attacks predomi-
nantly involving the skin (70.0%) and had no attacks on the
larynx (Fig. 2).

Icatibant treatment outcomes

Time to administration

Data for time to administration, time to resolution, and
attack duration were available for 28 patients with HAE type
I (67 attacks) and five HAE-nC1 INH patients (37 attacks).
Patients with HAE-nC1 INH reported a faster median time
to administration with a median (Q1, Q3) of 2.0h (0.8, 3.5)
compared with 3.5h (1.0, 10.5) for patients with HAE type I,
respectively, however, this difference was not significant
(P=0.233; Fig. 3). Time to resolution was significantly faster
for patients with HAE type I compared to the HAE-nC1 INH

L. Bouillet et al.
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Figure 2. Frequency of attack location for attacks that are treated with
icatibant. An attack can affect multiple locations. Missing affected sites
are not shown.

patients with a median (Q1, Q3) time to resolution of 14.0 h
(4.0,30.6) h versus 20 h (8.0, 43.5) h, respectively (P = 0.021;
Fig. 3). Duration of attack was similar between both patients
with HAE type I compared to the HAE-nC1 INH patients
with a median (Q1, Q3) attack duration of 22.75h (12.0,
34.5) h versus 32.5 (12.0, 47.3) h, respectively (P=0.157;
Fig. 3).

Time to resolution by attack location

Time to resolution of attacks localized to the abdomen was
available for 16 patients with HAE type I (39 attacks) and five
patients (29 attacks) with HAE-nC1 INH. The median (QI,
Q3) time to resolution in patients with HAE type I
versus HAE-nC1 INH was 15.0 (1.0, 34.0) h versus 27.0
(9.75, 43.5) h, respectively (P=0.048; Fig. 4). Time to

70 :luAEzypel(n=s7)
l:l HAE with normal C1 INH (n=37)

40+

30

Time (Hours)

0
Time to administration ‘ Time to resolution ‘ Duration of attack

(overall) (overall) (overall)

Figure 3. Treatment outcomes using icatibant. Time to administration,
resolution, and attack duration (Overall). Box = IQR, whiskers = standard
deviation, horizontal line = median, open circle =mean; Time to events
were calculated only for attacks with complete data for time to
administration, time to resolution, and attack duration. Note that no data
on attack duration, time to administration, and time to resolution for HAE
type Il patients were recorded in the database.
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resolution of cutaneous attacks was available for 16 patients
with HAE type I (29 attacks) and two patients (14 attacks)
with HAE-nCl1 INH. The median (Ql, Q3) time to
resolution in patients with HAE type I versus HAE-nCl
INH was 21.0 (12.0, 34.8) h versus 16.5 (7.5, 37.0) h,
respectively (P=0.697; Fig. 4). Resolution of laryngeal
attacks was available for nine patients with HAE type I (nine
attacks) and three patients (12 attacks) with HAE-nC1 INH.
The median (Q1, Q3) time to resolution in patients with
HAE type I versus HAE-nCl INH was 12.0 (10.0,
15.8) h versus 26.9 (13.3, 44.1) h, respectively (P=10.125;
Fig. 4).

Time to resolution by attack severity

Time to resolution of attacks deemed to have either a severe
or very severe impact on daily function was available for 24
patients with HAE typeI (61 attacks) and five HAE-nC1 INH
patients (34 attacks). The median (Ql, Q3) time to
resolution in patients with HAE type I versus HAE-nCl
INH was 14.0 (3.5, 30.6) h versus 23.5 (8.0, 43.5) h,
respectively (P =0.051; Fig. 5).

Safety and tolerability

A total of 23 patients with HAE type I reported 35 adverse
events (AEs) (Table 3). Of these, five AEs from two patients
were considered related to icatibant treatment. For patients
with HAE type II, a total of seven patients reported only one
adverse event in one patient, none of which were considered
related to the study drug. In the HAE-nC1 INH group, 11
patients reported 44 AEs. Of these, three AE from two

|:| HAE type I (n=39)
l:l HAE with normal C1 INH (n=29)

60

50

o

) .

0
I

Time to resolution

Time (Hours)
w w -
s 2 H

Time to resolution [ Time to resolution

(Abdominal attacks) (Cutaneous attacks) (Laryngeal attacks)

Figure 4. Time to attack resolution following administration with
icatibant by attack location for Abdominal, Cutaneous, and Laryngeal
attacks. Box=IQR, whiskers=standard deviation, horizontal
line =median, open circle =mean. Time to events were calculated only
for attacks with complete data for time to administration, time to
resolution, and attack duration. Note that no data on attack duration,
time to administration, and time to resolution for HAE type Il patients
were recorded in the database.
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Figure 5. Time to resolution following icatibant administration for
attacks rated “Severe/Very Severe.” Box=IQR, whiskers=standard
deviation, horizontal line =median, open circle = mean. Time to events
were calculated only for attacks with complete data for time to
administration, time to resolution, and attack duration. Note that no data
on attack duration, time to administration, and time to resolution for HAE
type Il patients were recorded in the database.

patients were considered related to icatibant treatment. No
serious AFs related to icatibant treatment were reported for
either group and no deaths were reported.

Discussion

We compared demographic, clinical characteristics, and
icatibant-treatment outcomes of French patients with HAE
with C1 INH deficiency or dysfunction (types I and II) and
those with HAE-nC1 INH.

The results confirm previous findings that HAE-nC1 INH
predominantly affects women [6, 14]. The earlier age of
onset of symptoms in patients with HAE with C1 INH
deficiency correspond with data reported from 193 French
patients [31]. The later onset of clinical symptoms in patients
in the HAE-nC1 INH group, are similar to those reported in
a series of 138 patients in Germany [15].

Patients with HAE-nC1 INH differed significantly from
patients with HAE with C1 INH deficiency or dysfunction
(types I and II) with respect to an increased rate of
abdominal attacks in the former group. This is a higher
proportion than that reported by Bork et al. [15]. A higher
number of laryngeal attacks were noted in the
HAE-nC1-INH group and confirms previous data [21]. It
is important to note that the IOS also registered angioedema
attacks in other patients that were associated with conditions
such as acquired angioedema (i.e., unassociated with
hereditary angioedema), but these are not within the remit
of this study. Figure 2 represents data on attacks that are
treated with icatibant and does not include information on
untreated attacks as these only involved a limited number of
patients and is not within this study’s remit.

© 2017 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd. 33
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Table 3. Summary of adverse events.

L. Bouillet et al.

HAE type | (n=153

HAE type Il (n=7 HAE with normal C1 INH?

patients) patients) (n=22 patients)
Patients Events Patients Events Patients Events
Number of AEs 23 35 1 1 11 44
Number of AEs related to icatibant® 2 5 0 0 2 3
Drug ineffective 1 1 0 0 2 3
Blood pressure decreased 1 4 0 0 0 0

AE, adverse advent.
20ff-label use.

PA missing relationship to icatibant has been considered as related to icatibant.

The icatibant treatment outcomes in this study are
consistent with previous reports of small case series in
patients with HAE-nC1 INH [17, 21, 22]. The present study
confirms and extends our previously reported open-label,
prospective evaluation of the effectiveness of icatibant in the
treatment of eight patients with HAE-nC1 INH, and seven
patients with HAE type I [21]. In 2009, we first reported the
resolution of symptoms within 1-2h following acute
icatibant treatment of abdominal attacks in three female
HAE-nC1 INH patients [22].

While HAE-nC1 INH patients initiated icatibant treat-
ment slightly earlier compared to patients with HAE type I,
the former reported a significantly longer time to complete
resolution of attack. At this time, we have no explanation for
this difference. Severe attacks are more frequent in HAE-nC1
INH patients. When we compared the duration of severe
attacks between the two groups, we still found a longer time
to complete resolution. The difference is almost significant
(0.051). The IOS study is ongoing and new prospective data
may help us to better understand this difference.

Safety outcomes of the use of icatibant in HAE-nC1 INH
patients are consistent with the established safety profile of
icatibant in patients with HAE with Cl1 INH deficiency
[19, 20] and previous reports of safety in patients with
HAE-nC1 INH (17, 21, 22].

Limitations of the IOS include the lack of random
assignment to treatment and a comparator and the reliance
on patient reporting in which mild or moderate attacks may
be under-reported. A further IOS limitation was the data
collection process where individual patient data were
collected for variable durations that were deemed to be
appropriate by both the physician and the patient. While
patients participated in the registry, data were collected
during routine patient visits. Physicians were asked to enter
comprehensive baseline data at the time of patient
enrollment, to perform follow-up assessments and to update
patient data in the registry on an ongoing basis and at a
minimum of 6-month intervals. Other study limitations
include the fact that HAE-nC1 INH is diagnosed only

clinically with no known biomarkers to date, and that four of
these patients had a factor XII mutation, with the remaining
of these patients identified as having a family history only.
Overall, this study provides real world data to further
characterize HAE-nC1 INH in the French population. These
data support the hypothesis that although icatibant is not yet an
approved drug for HAE-nC1 INH, it may be a potentially safe
and effective option for treating patients with this condition.

ACKNOWLEDGMENTS

Shire Development LLC provided funding to Excel Scientific
Solutions for support in writing and editing this manuscript.
IOS is funded by the Sponsor, Shire Development, LLC.
Editorial assistance in formatting, proofreading, copy
editing, and fact checking was also provided by Excel
Scientific Solutions. Amandine Perrin and Irmgard Andre-
sen from Shire Development LLC also reviewed and edited
the manuscript for scientific accuracy. Although employees
of the Sponsor were involved in the design, collection,
analysis, interpretation, and fact checking of information,
the content of this manuscript, the interpretation of the data,
and the decision to submit the manuscript for publication in
Immunity, Inflammation, and Disease was made by the
authors independently.

French I0S Investigators and their staff: C. Blanchard
Delaunay, 1. Boccon-Gibod, L. Bouillet, B. Coppere, C.
Dzviga, O. Fain, B. Goichot, A. Gompel, S. Guez, P.Y.
Hatron, P.Y. Jeandel, G. Kanny, D. Launay, H. Maillard,
L. Martin, A. Masseau, Y. Ollivier. Data from this
manuscript was presented at the 33rd Annual Congress of
the European Academy of Allergy and Clinical Immunology,
Copenhagen, Denmark, 9 June 2014, and the 10th Congres
Francophone d’Allergologie, Paris, France, 23 April 2015.

Authors’ Contributions

Laurence Bouillet, Isabelle Boccon-Gibod, David Launay, Anne
Gompel, Gisele Kanny, and Oliver Fain conceived, developed,

34 © 2017 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.



L. Bouillet et al.

and approved this manuscript. Vincent Fabien performed the
statistical analysis, developed, and approved the manuscript.
Under the direction of the authors, David Lickorish PhD,
CMPP, and Sally Hassan PhD of Excel Scientific Solutions
provided writing assistance for this publication.

Conflict of Interest

Professor Bouillet and Dr. Boccon-Gibod have received
honoraria and travel grants from CSL Behring, Pharming,
Shire, and Novartis and their institute has received research
funding from CSL Behring, Shire, and Novartis. Dr. Launay has
received honoraria from CSL Behring, Shire, and ViroPharma
and research funding from CSL Behring and Shire. Dr. Gompel
has received honoraria from CSL Behring, ViroPharma, and
Shire. Dr. Kanny has received honoraria from Shire and
ViroPharma. Dr. Vincent Fabien was a full-time employee of
Shire, Zug, Switzerland. Dr. Olivier Fain has provided scientific
consultation for CSL Behring, Shire, and ViroPharma.

References

1. Fabiani, J.,, S. O. Valle, M. Olivares, S. Nieto, E. H.
Landeros, A. Ginaca, L. Bezrodnik, E. Nievas, M. Oleastro,
OM. Barrera, et al. 2014. Improving C1 inhibitor deficiency
(type 1 and type 2 hereditary angioedema) in Latin
America. J. Invest. Allergol. Clin. Immunol. 24(6):445-447.
Epub 2015/02/12.

2. Zanichelli, A., F. Arcoleo, M. P. Barca, P. Borrelli, M. Bova,
M. Cancian, M. Cicardi, E. Cillari, C. De Carolis, T. De
Pasquale, et al. 2015. A nationwide survey of hereditary
angioedema due to C1 inhibitor deficiency in Italy. Orphanet
J. Rare Dis. 10(1):11. Epub 2015/03/12.

3. Busse, P. J., and M. S. Buckland. 2013. Non-histaminergic
angioedema: focus on bradykinin-mediated angioedema.
Clin. Exp. Allergy 43(4):385-394. Epub 2013/03/23.

4. Craig, T. ], ]. A. Bernstein, H. Farkas, L. Bouillet, and I.
Boccon-Gibod. 2014. Diagnosis and treatment of bradyki-
nin-mediated angioedema: outcomes from an angioedema
expert consensus meeting. Int. Arch. Allergy Immunol.
165(2):119-127. Epub 2014/11/18.

5. Binkley, K. E., and A. Davis. 2000. 3rd. Clinical, biochemical,
and genetic characterization of a novel estrogen-dependent
inherited form of angioedema. J. Allergy Clin. limmunol.
106(3):546—550. Epub 2000/09/13.

6. Bork, K., S. E. Barnstedt, P. Koch, and H. Traupe. 2000.
Hereditary angioedema with normal Cl1-inhibitor activity in
women. Lancet 356(9225):213-217. Epub 2000/08/30.

7. Bork, K. 2010. Diagnosis and treatment of hereditary
angioedema with normal C1 inhibitor. Allergy Asthma
Clin. Immunol. 6(1):15. Epub 2010/07/30.

8. Vitrat-Hincky, V., A. Gompel, C. Dumestre-Perard,
I. Boccon-Gibod, C. Drouet, J. Y. Cesbron, J. Lunardi, C.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Hereditary angioedema in a French cohort

Massot, and L. Bouillet. 2010. Type III hereditary angio-
oedema: clinical and biological features in a French cohort.
Allergy 65(10):1331-1336. Epub 2010/04/14.

. Zuraw, B. L., K. Bork, K. E. Binkley, A. Banerji, S. C.

Christiansen, A. Castaldo, A. Kaplan, M. Riedl, C. Kirkpatrick,
M. Magerl, et al. 2012. Hereditary angioedema with normal C1
inhibitor function: consensus of an international expert panel.
Allergy Asthma Proc. 33(Suppl 1):S145-156. Epub 2013/02/21.
Dewald, G., and K. Bork. 2006. Missense mutations in the
coagulation factor XII (Hageman factor) gene in hereditary
angioedema with normal Cl1 inhibitor. Biochem. Biophys.
Res. Commun. 343(4):1286—1289. Epub 2006/04/28.
Cichon, S., L. Martin, H. C. Hennies, F. Muller, K. Van
Driessche, A. Karpushova, W. Stevens, R. Colombo, T. Renne,
C. Drouet, et al. 2006. Increased activity of coagulation factor
XII (Hageman factor) causes hereditary angioedema type III.
Am. J. Hum. Genet. 79(6):1098-1104. Epub 2006/12/23.
Sher, J., and M. Davis-Lorton. 2013. Angioedema with
normal laboratory values: the next step. Curr. Allergy Asthma
Rep. 13(5):563-570. Epub 2013/08/28.

Farkas, H. 2013. Current pharmacotherapy of bradykinin-
mediated angioedema. Expert Pharmacother.
14(5):571-586. Epub 2013/03/14.

Riedl, M. A. 2013. Hereditary angioedema with normal
C1-INH (HAE type III). J. Allergy Clin. Immunol. Pract.
1(5):427-432. Epub 2014/02/26.

Bork, K., D. Gul, J. Hardt, and G. Dewald. 2007. Hereditary
angioedema with normal C1 inhibitor: clinical symptoms and
course. Am. J. Med. 120(11):987-992. Epub 2007/11/03.
Serrano, C., M. Guilarte, R. Tella, G. Dalmau, J. Bartra, P.
Gaig, M. Cerda, V. Cardona, and A. Valero. 2008.
Oestrogen-dependent hereditary angio-oedema with nor-

Opin.

mal C1 inhibitor: description of six new cases and review of
pathogenic mechanisms and treatment. Allergy. 63-
(6):735-741. Epub 2007/12/12.

Marcos, C., A. Lopez Lera, S. Varela, T. Linares, M. G.
Alvarez-Eire, and M. Lopez-Trascasa. 2012. Clinical, bio-
chemical, and genetic characterization of type III hereditary
angioedema in 13 Northwest Spanish families. Ann. Allergy
Asthma Immunol. 109(3):195-200 e2. Epub 2012/08/28.
Mansi, M., A. Zanichelli, A. Coerezza, C. Suffritti, M. A. Wu,
R. Vacchini, C. Stieber, S. Cichon, and M. Cicardi. 2015.
Presentation, diagnosis and treatment of angioedema without
wheals: a retrospective analysis of a cohort of 1058 patients. J.
Intern. Med. 277(5):585-593. Epub 2014/09/27.

Cicardi, M., A. Banerji, F. Bracho, A. Malbran, B. Rosenkranz, M.
Riedl, K. Bork, W. Lumry, W. Aberer, H. Bier, et al. 2010.
Icatibant, a new bradykinin-receptor antagonist, in hereditary
angioedema. N. Eng. J. Med. 363(6):532-541. Epub 2010/09/08.
Lumry, W. R., H. H. Li, R. J. Levy, P. C. Potter, H. Farkas, D.
Moldovan, M. Ried], H. Li, T. Craig, B.J. Bloom, et al. 2011.
Randomized placebo-controlled trial of the bradykinin
B(2) receptor antagonist icatibant for the treatment of

© 2017 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd. 35



Hereditary angioedema in a French cohort

21.

22.

23.

24.

25.

26.

36

acute attacks of hereditary angioedema: the FAST-3 trial.
Annals Allergy Asthma 107(6):529-537.
Epub 2011/11/30.

Boccon-Gibod 1., and L. Bouillet. Safety and efficacy of
icatibant self-administration for acute hereditary angioedema.
Clin. Exp. Immunol. 168(3):303-307. Epub 2012/04/24.
Bouillet, L., I. Boccon-Gibod, D. Ponard, C. Drouet, J. Y.
Cesbron, C. Dumestre-Perard, N. Monnier, J. Lunardi,
C. Massot, A. Gompel, et al. 2009. Bradykinin receptor 2
antagonist (icatibant) for hereditary angioedema type Il attacks.
Annals Allergy Asthma Immunol. 103(5):448. Epub 2009/11/26.
Bowen, T., M. Cicardi, H. Farkas, K. Bork, H. J. Longhurst,
B. Zuraw, E. Aygoren-Piirsiin, T. Craig, K. Binkley, J. Hebert,

Immunol.

etal. 2010. International consensus algorithm for the diagnosis,
therapy and management of hereditary angioedema. Allergy
Asthma Clin. Immunol. 6(1):24. Epub 2010/07/30.

Bonner, N., L. Abetz-Webb, L. Renault, T. Caballero,
H. Longhurst, M. Maurer, S. Christiansen, and B. Zuraw.
2015. Development and content validity testing of a patient-
reported outcomes questionnaire for the assessment of
hereditary angioedema in observational studies. Health
Qual. Life Outcomes. 13:92. Epub 2015/07/02.

Haluk Akar, H., F. Tahan, T. Kurt, and I. Solmaz. 2014. A case
of hereditary angioedema who presented with difficulty in
urination and globe. Eur. Ann. Allergy Clin. Immunol.
46(1):60-62. Epub 2014/04/08.

Maurer, M., H. J. Longhurst, V. Fabien, H. H. L. Li, and R.
William. 2014. Treatment of hereditary angioedema with

27.

28.

29.

30.

31.

L. Bouillet et al.

icatibant: efficacy in clinical trials versus effectiveness in the
real-world setting. Allergy Asthma Proc. 35(5):377-381.
Epub 2014/09/10.

Zanichelli, A., M. Magerl, H. Longhurst, V. Fabien, and M.
Maurer. 2013. Hereditary angioedema with C1 inhibitor
deficiency: delay in diagnosis in Europe. Allergy Asthma Clin.
Immunol. 9(1):29. Epub 2013/08/14.

Maurer, M., W. Aberer, L. Bouillet, T. Caballero, V. Fabien, G.
Kanny, A. Kaplan, H. Longhurst, and A. Zanichelli. 2013.
Hereditary angioedema attacks resolve faster and are shorter
after early icatibant treatment. PLoS ONE 8(2):e53773. Epub
2013/02/08.

Levy, J., G. E. Rivard, E. Wagner, D. Beezhold, N. Berlin, L.
Fan, Z. Zhang, and GL. Sussman. 2014. Examination of
genetic variants involved in generation and biodisposition of
kinins in patients with angioedema. Allergy Asthma Clin.
Immunol. 10(1):60. Epub 2015/02/12.

Duan, Q. L., K. Binkley, and G. A. Rouleau. 2009. Genetic
analysis of Factor XII and bradykinin catabolic enzymes in a
family with estrogen-dependent inherited angioedema. J.
Allergy Clin. Immunol. 123(4):906-910. Epub 2009/01/31.
Bouillet, L., D. Launay, O. Fain, I Boccon-Gibod, J. Laurent,
L. Martin, V. Montauban, K. Finck, S. Bouée, A. Gompel.
et al. 2013. French National Reference Center for Hereditary
Angioedema (CREAK). Hereditary angioedema with C1
inhibitor deficiency: clinical presentation and quality of life
of 193 French patients. Ann. Allergy Asthma Immunol.
111(4):290-294. Epub August 08, 2013.

© 2017 The Authors. Immunity, Inflammation and Disease Published by John Wiley & Sons Ltd.



