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Hereditary angioedema (HAE) is a rare and debilitating
disorder characterized by recurrent, unpredictable episodes of
tissue swelling and pain, involving the skin, gastrointestinal

Abstract

Background: The For Angioedema Subcutaneous Treatment (FAST)-2, a phase III,
double-blind, randomized, multicenter, placebo-controlled study (ClinicalTri
als.gov identifier: NCT00500656), established the efficacy and safety of single
injections of icatibant, a bradykinin B, receptor antagonist, in the treatment of
hereditary angioedema (HAE) attacks. Here, we evaluate the efficacy and safety
of repeated treatment with icatibant in adult patients experiencing HAE attacks
during the FAST-2 open-label extension (OLE) phase.

Methods: Patients completing the controlled phase were eligible to participate in
the OLE phase and receive open-label icatibant (30 mg subcutaneously) for the
treatment of cutaneous, abdominal, and/or laryngeal HAE attack(s) severe
enough to warrant treatment. Time to onset of symptom relief was calculated for
each attack. Descriptive analyses (median, 95% ClIs) were performed for all
attacks; post hoc analyses were conducted in patients with at least five icatibant-
treated attacks throughout the FAST-2 OLE phase. Safety was also monitored.
Results: Fifty-four patients received icatibant for 374 attacks (176 cutaneous, 168
abdominal, and 30 laryngeal). For cutaneous and/or abdominal attacks (attacks
2-5), the median times to onset of symptom relief ranged between 2.0 and 2.5 h.
For all laryngeal attacks, the median times to regression (start of improvement)
of symptoms ranged between 0.3 and 4.0 h. Post hoc analyses showed that the
overall median time to onset of symptom relief was 2.0 h. Overall, 89.8% of
attacks resolved with a single icatibant injection. No drug-related serious adverse
events were reported.

Conclusions: These findings have demonstrated the efficacy and safety of repeated
icatibant treatment for HAE attacks.

tract, upper respiratory tract, and other organs (1). Attacks
can be severe and prolonged and, in the case of laryngeal
and hypolaryngeal attacks, are potentially life-threatening
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when left untreated (2, 3). Given the unpredictable nature,
severity, and duration of attacks, patients should seek imme-
diate access to treatment (4).

In HAE, deficiency of Cl-esterase inhibitor (C1-INH), a
key regulator of the kallikrein—kinin plasma cascade system
and classical complement pathway (5), activates kallikrein and
leads to an overproduction of bradykinin (5-8). Bradykinin
interacts with B, receptors causing vasodilatation, increased
vascular permeability, extravasation, and rapid accumulation
of fluid in interstitial tissues (9, 10). In patients with HAE,
C1-INH deficiency leads to uninhibited bradykinin produc-
tion that culminates in the development of disease symptoms
(11-16). Blockade of the bradykinin B, receptor therefore rep-
resents a valid therapeutic rationale for HAE treatment.

Icatibant, a selective bradykinin B, receptor antagonist,
was initially investigated in an open-label phase II study,
with results demonstrating that single subcutaneous injections
(30 mg) were clinically effective (17). Single-dose efficacy was
also demonstrated in three phase III, randomized, controlled,
multicenter studies: For Angioedema Subcutaneous Treatment
(FAST)-1, 2 and 3 (18, 19).

However, as HAE is a chronic disease, characterized by
recurrent attacks over a patient’s lifetime, the demonstration
of the effect of repeated treatment on efficacy and safety is
of high therapeutic value. Here, we report data from the
open-label extension (OLE) phase of FAST-2, which investi-
gated the efficacy and safety of repeated icatibant treatment
in an HAE patient population.

Methods
Study design

For Angioedema Subcutaneous Treatment-2 was a phase 111,
randomized, double-blind, multicenter, tranexamic acid-con-
trolled study of subcutaneous icatibant (30 mg) for the treat-
ment of patients experiencing cutaneous, abdominal, or
laryngeal HAE attacks. The 36-month study, conducted at
35 centers in 12 countries, comprised two phases: a con-
trolled phase reported previously (18) and an OLE phase.
The OLE phase included patients from the controlled phase
who received treatment for an attack or were eligible to par-
ticipate but did not experience an attack or did not experi-
ence an attack severe enough to warrant treatment. These
latter two cohorts entered the OLE phase following the con-
trolled phase closure.

The study was approved by the Independent Ethics Com-
mittees of each participating center and conducted in accor-
dance with the Declaration of Helsinki, the International
Conference on Harmonization Good Clinical Practice Guide-
lines, and current regulatory requirements. All patients gave
written informed consent.

Patients

Inclusion criteria for participation in the OLE phase were the
same as for the controlled phase (18). A brief summary of
these inclusion criteria is as follows: patients were aged
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>18 years with a documented diagnosis of HAE type I or Il
who presented with cutaneous, abdominal, or laryngeal
attacks severe enough to warrant treatment. However, unlike
in the controlled phase, a visual analog scale (VAS) score of
>30 mm was not a prerequisite for treatment in the OLE
phase. The VAS score, based on a 100 mm scale (0 mm = no
symptom and 100 mm = worst possible symptom), was used
to measure the intensity of cutaneous swelling, cutaneous
pain, abdominal pain, and nausea at prespecified timepoints.
Visual analog scale scores were not used for the assessment
of laryngeal symptoms.

Exclusion criteria included diagnoses of other angioedema,
serious concomitant illness, and pregnancy or lactation.
Patients were also excluded if they received pain medication
prior to the treatment of the current attack, CI1-INH prod-
ucts within 3 days of attack onset, or treatment with angio-
tensin-converting enzyme inhibitors. The first patient was
treated in the OLE phase in March 2005, and the last patient
visit was March 2008.

Treatment

Patients were treated by a healthcare professional with a sin-
gle subcutaneous icatibant injection (30 mg) in the abdominal
region. If symptoms worsened within 48 h, further injections
of icatibant (30 mg) were permitted up to a maximum of
three (at least 6 h apart). The attack was considered new if
symptoms worsened 48 h or more after initial treatment.
Rescue medication, including C1-INH and symptomatic ther-
apy (e.g., for nausea or vomiting), was permitted.

Not all attacks were treated with icatibant. Some subjects
had untreated attacks and/or attacks treated with other medi-
cation. The subset of attacks treated with icatibant is
reported here.

Patient assessments

Pretreatment assessments included a urine pregnancy test and
vital signs, symptom assessment (patient-assessed VAS and
symptom score), and global assessment (investigator-
assessed). Rescue medication and concomitant medications
were documented.

Following treatment, patients were monitored for 4-5 h
and their symptoms assessed by VAS every 30 min from 1 to
4 h and at 5, 6, 8, 10, and 12 h. A symptom score assess-
ment, based on a five-point scale (0 = absence of symptoms;
1-4 = mild, moderate, severe, or very severe symptoms,
respectively), was performed at 2, 4, 6, and 10 h post-treat-
ment. Follow-up visits were scheduled 24-48 h post-treat-
ment. The final assessment was carried out on Day 14 (£2).
Investigators recorded rescue medication use, adverse events
(AEs), and injection site reactions (ISRs).

Efficacy measures

Cutaneous and abdominal attacks
Irrespective of cutaneous symptom severity, patients experi-
encing both cutaneous and abdominal symptoms were classi-
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fied as ‘abdominal’ if at least one abdominal symptom was

. . Safety measures
moderate-to-very severe. Efficacy measures included times to y

onset of symptom relief, almost complete symptom relief, Safety was evaluated up to 24 weeks post-treatment and
and regression (start of improvement) of symptoms (patient- included all patients. Assessments included the incidence and
assessed). severity of AEs and ISRs.

Primary symptom relief was defined as a reduction from
pretreatment in a single primary symptom VAS score.

Symptom relief was classified as any reduction below (6/7)* Statistical analysis

pretreatment value-16 for pretreatment VAS >30 mm, corre- Efficacy and safety analyses included all patients treated in
sponding to a 31 mm reduction for pretreatment VAS of the OLE phase stratified by on-study attack number (first
100 mm and 21 mm for pretreatment VAS of 30 mm. For attack, second attack, etc.). Times to onset of symptom relief,
abdominal attacks, primary VAS was defined as abdominal almost complete symptom relief, and regression of symptoms
pain; for cutaneous attacks, it was the more severe of either were analyzed using Kaplan—-Meier methods. Descriptive
skin swelling or skin pain. Time to almost complete symptom statistics, medians, and 95% ClIs were recorded by attack
relief was defined as a VAS score between 0 and 10 mm for at number for attacks where data for >10 patients were
least three consecutive measurements. Time to regression of available.

symptoms was recorded as the time the patient started to feel The majority of patients experienced their first-treated
improvement. For cutaneous and abdominal attacks, patients attack (attack 1) during the controlled phase; data from their
recorded symptom scores for severity of cutaneous swelling first-treated attack in the OLE phase were therefore catego-
and pain, skin irritation, erythema, abdominal pain, nausea, rized as attack 2. Eight patients experienced their first attack
vomiting, and diarrhea. during the OLE phase, and for completeness, these data are

also presented.
Laryngeal attacks
Irrespective of cutaneous and/or abdominal symptom sever-

. . . Post hoc analyses
ity, patients with laryngeal symptoms at pretreatment were

always defined as such and treated with open-label icatibant. For the cohort of patients with at least five icatibant-treated
Efficacy measures included patient-assessed time to regression attacks (including attacks treated in the controlled phase),
of symptoms, change in symptom score severity, and investi- descriptive statistics, medians, and 95% ClIs are presented
gator’s global assessment of attack severity. and stratified by icatibant-treated attack number. The pur-

Patients also recorded symptom scores for difficulty swal- pose of this analysis was to assess the efficacy of repeated
lowing and voice change (in addition to those recorded for treatment with icatibant. Observation period AEs are also
cutaneous and abdominal attacks). The investigator’s global reported. These are defined as treatment-emergent AEs
assessment of attack severity classified symptoms as cutane- occurring prior to or on the date of the Day 14 visit or study
ous, abdominal, and laryngeal, using the same five-point discontinuation (whichever occurs first) for each study drug-
scale as described previously. treated attack.

Table 1 Efficacy measures evaluated in patients treated during the open-label extension phasef

Time to onset of Time to almost complete Time to regression of

symptom relieft, h symptom reliefq, h symptomstt, h
|catibant-treated Median Median Median
attack (number) N§ Censored (95% ClI), h N Censored (95% CI), h N Censored (95% ClI), h
Attack 2 39 0 2.0(1.5, 2.8) 45 6 6.0 (5.0, 14.0) 49 4 0.7 (0.5, 1.5)
Attack 3 24 0 2.5(1.5, 3.0 26 5 10.0 (5.0, 29.7) 29 6 0.8 (0.5, 1.5)
Attack 4 14 1 2.3(1.0,17.8) 17 2 6.1 (3.5, 42.3) 20 2 1.2 (0.5, 3.2)
Attack 5 10 0 2.5(1.3,10.0) 11 1 22.0 (3.0, 31.6) 1 3 2.6 (0.8, -)

+tWhere data for >10 patients were available.

fOnset of symptom relief was defined as any reduction below (6/7)*pretreatment value-16 for pretreatment VAS >30 mm for a single
primary symptom VAS score. For abdominal attacks, the primary VAS score was defined as abdominal pain and for cutaneous attacks was
the more severe of either skin swelling or skin pain was determined retrospectively after symptom relief had been documented at three
consecutive measurements. The median time to onset is calculated using Kaplan-Meier methodology.

§Number of patients with pretreatment VAS >30 mm.

YAlmost complete symptom relief (defined as a score between 0 and 10 mm on the VAS scale) was determined retrospectively after
symptom relief had been documented at least three consecutive measurements. The median time to almost complete symptom relief is
calculated using Kaplan—-Meier methodology.

T1Time to regression of symptoms was defined as the start of improvement in symptoms according to the patient. The median time to
onset is calculated using Kaplan-Meier methodology.
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Results
Patient population

Overall, 54 patients received icatibant for 374 attacks (44
patients from the controlled phase and ten patients entered
directly into the OLE phase [eight patients who did not
receive treatment during the controlled phase and two
patients with laryngeal symptoms]). A total of 24 patients
were treated for a single attack, and 30 patients were treated
for multiple attacks. Moreover, our analyses included five
patients treated for 17, 20, 28, 51, and 142 attacks. During
the study period, the majority (83.8%) of patients had fewer
than five icatibant-treated attacks. All patients received icati-
bant administered by a healthcare professional, even those
patients with multiple attacks. The mean age and weight of
patients treated in the FAST-2 OLE phase (42.3 years,
77.61 kg) were similar to those of icatibant-treated patients
in the controlled phase (40.4 years, 80.06 kg). The majority
of patients were female in both the controlled (66.7%) and
OLE (64.8%) phases. Of the 54 patients, 40 experienced 176
cutaneous attacks, 25 experienced 168 abdominal attacks,
and 10 experienced 30 laryngeal attacks.

Post hoc analyses of patients with at least five icatibant-
treated attacks included 11 patients treated for at least five
attacks, seven patients treated for at least ten attacks and five
patients treated for at least 15 attacks.

Clinical efficacy

Cutaneous and abdominal attacks

OLE phase. For the cutaneous and/or abdominal attacks
where data for >10 patients were available, the median times
to onset of symptom relief were comparable with increasing
attack number (Table 1). When the location for these attacks
was individualized, this median value ranged from 2.5 to
2.9 h for cutaneous attacks and 1.0 to 2.7 h for abdominal
attacks (95% Cls).

Although the median time to almost complete symptom
relief involved several confirmatory measurements at nonuni-
form timepoints, where data for >10 patients were available,
no noticeable variation in the range of median values (95%
Cls) was observed between attacks (Table 1).

Patient-assessed median times to regression of symptoms
(where data for >10 patients were available) were also gener-
ally similar with increasing attack number (Table 1). For
cutaneous attacks, this value ranged between 1.5 and 2.4 h,
and for abdominal attacks, the range was 0.5-1.1 h.

Post hoc analyses. Post hoc analyses of the cohort of 11
patients treated for at least five attacks in the controlled and
OLE phases of FAST-2 demonstrated that the time to onset
of primary symptom relief was consistent (Fig. 1A). No
noticeable variation with increasing attack number was
observed (Table 2).

Time to almost complete symptom relief was generally
similar with increasing attack number (Fig. 1B). Median
times to almost complete symptom relief ranged between
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Figure 1 Proportion of patients achieving (A) onset of symptom
relief of the primary symptom+{ and (B) almost complete symptom
relieff. The cohort of patients demonstrated here are from the post
hoc analyses of those treated for at least five attacks with icatibant
during the controlled and open-label extension phases of FAST-2.
tDefined as a reduction from pretreatment in the score for a single
primary visual analog scale (VAS) symptom. Symptom relief was
defined as any reduction below (6/7)*pretreatment value-16 for
patients with a pretreatment VAS >30 mm. Symptom relief was
defined as a 68% reduction from pretreatment in patients with pre-
treatment VAS <30 mm. Patients who did not achieve symptom
relief within the observation period were censored at the last
observation time. The median time to onset of symptom relief of
the primary symptom was calculated using Kaplan-Meier method-
ology. }Almost complete symptom relief (defined as a score
between 0 and 10 mm on the VAS scale) was determined retro-
spectively after symptom relief had been documented at least
three consecutive measurements. The median time to almost com-
plete symptom relief was calculated using Kaplan-Meier methodol-
ogy. Please refer to Table 2 for the absolute values.

6.5 and 33.1 h over the first five icatibant-treated attacks
(Table 2).

Laryngeal attacks

For laryngeal attacks (N = 30), patient-assessed median times
to regression of symptoms ranged between 0.3 and 4.0 h for

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd
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Table 2 Efficacy measures evaluated in patients treated for at least five attacks with icatibant during the controlled and open-label extension
phases of FAST-2

Time to onset of symptom relief of the

Time to almost complete symptom relieft, h primary symptom§g§, h

|catibant-treated attack (number) N Censored Median (95% CIl), h N Censored Median (95% CI), h
Attack 1 10 1 9.7 (2.0, 26.7) 10 0 1.5 (1.0, 5.0)
Attack 2 9 2 13.6 (5.0, 66.9) 9 0 2.0 (1.0, 5.0)
Attack 3 11 2 10.0 (6.0, 42.3) 11 1 3.0(2.6, 17.8)
Attack 4 1 1 33.1 (3.9, 40.8) 11 0 3.9 (1.5, 17.6)
Attack 5 10 2 6.5 (1.5, 26.0) 10 0 1.3 (1.0, 4.0)
Overall 63 - 8.3 (3.5, 12.0) 61 - 2.0(1.5, 2.5)

tPost hoc analyses.

tAlmost complete symptom relief was determined retrospectively as the earliest of three consecutive measurements in which all VAS
scores were between 0 and 10 mm. The median time to almost complete symptom relief is calculated using Kaplan—-Meier methodology.
§Onset of symptom relief of the primary symptom was determined retrospectively as the earliest of three consecutive measurements in
which there was a reduction below (6/7)*pretreatment value-16 for patients with a pretreatment VAS >30 mm or a 68% reduction from pre-
treatment in patients with pretreatment VAS <30 mm. The median time to onset of symptom relief of the primary symptom was calculated

using Kaplan—Meier methodology.
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Figure 2 Efficacyt of repeated treatment with icatibant in the
treatment of laryngeal attacks across FAST-2. All evaluable patients
were included. Irrespective of cutaneous and/or abdominal symp-
tom severity, patients with laryngeal symptoms at pretreatment
were always defined as such and treated with open-label icatibant.
tEfficacy was measured using the time to regression of symptoms
(defined as the start of improvement in symptoms according to the
patient. The median time to onset is calculated using Kaplan—-Meier
methodology).

all attacks (Fig. 2). At pretreatment, three attacks were clas-
sified as mild, 11 attacks were moderate, 13 attacks were
severe, and six attacks were very severe (three laryngeal
attacks were treated during the controlled phase). Irrespective
of attack severity, rapid improvement was observed in the
severity of laryngeal symptoms within 4 h post-treatment, at
which point the majority of laryngeal symptoms were
assessed as mild or absent. The pretreatment investigator’s
global assessment demonstrated that three patients experi-
enced severe (N = 1) or very severe (N = 2) laryngeal symp-
toms. At 4 h post-treatment, laryngeal symptoms were
absent in two patients and mild in one patient.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Pretreatment patient-assessed symptom scores classified
voice change and difficulty swallowing as severe-to-very
severe in four and 12 patients, respectively. By 4 h post-treat-
ment, voice change was not sustained and only one patient
still had difficulty swallowing.

Safety

OLE phase
Overall, 36 (66.7%) patients experienced 172 AEs. The most
commonly occurring AE, reported in 12 (22.2%) patients,
was HAE attacks (either a worsening of the current attack or
a new attack). Eight (14.8%) patients experienced 17 (9.9%)
drug-related AEs; of these, 16 were ‘possibly related’ and one
was ‘definitely related’ (moderate ISR). All drug-related AEs
were either mild (88.2%) or moderate (11.8%). Ten (18.5%)
patients reported 20 serious AEs (SAEs); none were consid-
ered drug-related. Additionally, 17 (9.9%) of the 172 AEs
were reported as severe by ten patients (18.5%); none were
considered drug-related. All 54 (100%) patients reported
ISRs (mostly erythema and swelling).

No clinically relevant changes in laboratory safety mea-
sures, vital signs, or antibody response toward icatibant were
observed in patients.

Post hoc analyses

Post hoc analyses demonstrated no trend toward an increas-
ing number of observation period AEs or drug-related AEs
with increasing attack number. No observation period SAEs
were reported by patients after attack five (Table 3).

Rescue medication and icatibant retreatment

OLE phase

Rescue medication was required by five patients for 11
(2.9%) attacks (seven abdominal and four cutaneous) and
was typically due to the worsening of an attack or the
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Table 3 Post hoc analyses of the safety of repeated treatment with icatibantf

Number and % of patients with any event and total number of events

Any AE Any related AE Any SAEZ
Icatibant-treated attack (number) N (%) Events N (%) Events N (%) Events
Attack 1 (N =11) 6 (54.5) 7 1(9.1) 1 0 0
Attack 2 (N =11) 4 (36.4) 9 1(9.1) 2 0 0
Attack 3 (N =11) 3(27.3) 4 0 0 1(9.1) 1
Attack 4 (N =11) 2 (18.2) 3 0 0 1(9.1) 1
Attack 5 (N = 11) 3(27.3) 5 1(9.1) 1 1(9.1) 2

AE, adverse event; SAE, serious AE.

tPost hoc analyses of safety included patients treated for at least five attacks with icatibant across the controlled and open-label extension

phases of FAST-2.
iNo SAEs were reported after the fifth icatibant-treated attack.

Table 4 Post hoc analyses of the overall number of attacks requir-
ing more than one icatibant injection}

Icatibant-treated attack (number) N N (%)
Attack 1 11 1(9.1)
Attack 2 11 1(9.1)
Attack 3 11 3(27.3)
Attack 4 11 0
Attack 5 11 1(9.1)

tPost hoc analyses of safety included patients treated for at least
five attacks with icatibant across the controlled and open-label
extension phases of FAST-2.

occurrence of a new attack. No patients experiencing laryn-
geal attacks required rescue medication.

The majority of attacks (89.8%) were successfully treated
with a single icatibant injection, with one patient being suc-
cessfully treated for 141 attacks with 154 icatibant injections.
Overall, 38 (10.2%) attacks (21 abdominal, 15 cutaneous,
and two laryngeal) in 11 patients required retreatment with
icatibant; 37 attacks required a second injection, and one
required a third injection. Of these, 12.5% were abdominal
attacks, 8.5% were cutaneous attacks, and 6.7% were laryn-
geal attacks.

Post hoc analyses

Post hoc analyses demonstrated that for those patients
who were treated for at least five attacks, the proportion
requiring additional injections ranged between 0 and 27.3%
(Table 4) and did not increase with repeated icatibant
treatment.

Discussion

The results of the FAST-2 OLE phase and post hoc analyses
demonstrate, for the first time, that the efficacy and safety of
repeated treatment with icatibant in HAE attacks are compa-
rable between attacks. The continued response to repeated
icatibant treatment in the OLE phase was similar to the

initial response observed in the controlled phase (18). Icati-
bant was generally well tolerated: no observation period
SAEs were reported after the fifth attack, and ISRs were
mild to moderate and resolved without medical intervention.

Although this analysis may be limited by the number of
patients included, the descriptive nature of these data, partic-
ularly for patients experiencing laryngeal attacks, is clinically
meaningful. Laryngeal attacks are potentially life-threatening,
and early symptom control may help to prevent complica-
tions (8, 20). In the 30 laryngeal attacks analyzed in our
study, icatibant evoked a median time to regression of symp-
toms of less than 4 h.

Generally, the efficacy of repeated HAE treatment, for
example with antifibrinolytics and anabolic androgens, has
been demonstrated with experience, rather than controlled
clinical studies (21). Although similar open-label studies have
been performed using nanofiltered C1-INH (22) and plasma-
derived C1-INH (23), this is one of the first structured, open-
label trials to assess icatibant’s application in repeated HAE
attacks. The results of this study demonstrate that the effi-
cacy and safety of repeated treatment with icatibant have no
apparent trend toward a delay in time to onset of symptom
relief or a need for additional injections/rescue medication.
The durability of effect reported here is particularly impor-
tant given that a recent international HAE consensus report
has reiterated that any angioedema attack can be disabling
and/or life-threatening and that all attacks should be effec-
tively treated (ideally self-treated at home by the patients
themselves) before these visible or disabling symptoms
develop (24).

Conclusion

The findings from this study corroborate the consistent effi-
cacy and safety of subcutaneous icatibant (30 mg) in adults
with HAE types I and II across repeated attacks.

Acknowledgments

The FAST-2 trial was funded and supported by Jerini AG/
Shire. The authors would like to thank Professor Enrico

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



Bas et al.

Cillari, Palermo, Sicily; Professor Marco Cicardi, Milan,
Italy; the patients, staff, and coinvestigators at participating
centers; and all collaborators on the sponsor’s side: Jochen
Knolle, PhD, Frankfurt, Germany; Bernd Rosenkranz, MD,
Cape Town, South Africa; Liying Dong, MD, Berlin, Ger-
many; Irina Kravec, MD, Berlin, Germany. Thanks also to
Jens Zimmermann, MD, MSc, Berlin, Germany, and Wing-
Tze Fan, PhD, Toronto, Canada; former employees of
Shire. Medical writing support was provided by Lucy John-
son, PhD, Prime Medica Ltd, Knutsford, Cheshire, UK,
supported by Shire. Editorial support was provided by
Susan Wieting, Shire. Data management and statistical anal-
ysis were performed by Hesperion Ltd, Allschwil, Switzer-
land. Jovanna Baptista, Shire, provided additional statistical
support for the post hoc analyses. Responsibility for opin-
ions, conclusions, and interpretation of data lies with the
authors.

Author contributions

Murat Bas, Jens Greve, Thomas K. Hoffmann, Avner
Reshef, Werner Aberer, Marcus Maurer, Shmuel Kivity,
Henriette Farkas, Bernard Floccard, Francesco Arcoleo,
Ludovic Martin, Brigita Sitkauskiene, Laurence Bouillet,
Peter Schmid-Grendelmeier, and Andrea Zanichelli were
involved in the conception and design of the study as well
as in its conduct and the generation of data. Hongbin Li
was the study statistician and was involved in the analysis
and interpretation of the study data. All authors critically
reviewed the manuscript and approved the final version for
submission.

Conflicts of interest

Dr Bas has acted in a consultant/advisor capacity, has
received a research grant for participating in a company-
sponsored scientific study, has received a travel grant, and
has lectured/spoken at a company-sponsored meeting for
Shire, has been an investigator in a company-sponsored sci-
entific study for Shire, Jerini AG, ViroPharma GmbH, and
Pharming Group NV, and has received honoraria from HAL
Allergy Group and Shire.

Dr Greve has been an investigator in a company-spon-
sored scientific study for Jerini AG, ViroPharma GmbH, and
BioAlliance Pharma SA, and has received a travel grant for
presenting at a scientific congress from Shire. He has lec-
tured/spoken at a company-sponsored meeting for Shire.

Professor Hoffmann has acted in a consultant/advisor
capacity, has received a travel grant, and has lectured/spo-
ken at a company-sponsored meeting for Shire, and has
been an investigator in a company-sponsored scientific study
for Jerini AG, ViroPharma GmbH, and BioAlliance Pharma
SA.

Dr Reshef has acted in a consultant/advisor capacity for
Shire and has received a research grant for participating in a
company-sponsored scientific study from Jerini AG, Shire,

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd

Results of the FAST-2 open-label extension phase

Pharming, CSL Behring, Dyax, Teva, and Cephalon. He has
been an investigator in a company-sponsored scientific study
for Jerini AG, Shire, Pharming, CSL Behring, Dyax, Teva,
and Cephalon. He has received a travel grant for presenting
at a scientific congress from Shire, Pharming, and CSL Beh-
ring. He has lectured/spoken at a company-sponsored meet-
ing for Jerini AG, Shire, and Pharming and has received
other honoraria payments from Jerini AG and Shire for pre-
sentations and consultations.

Professor Aberer has acted as a medical advisor and
speaker for Shire and CSL Behring, received funding to
attend conferences and other educational events, received
donations to his departmental fund, and participated in clini-
cal trials for Shire.

Professor Maurer has acted in a consultant/advisor capac-
ity for Jerini AG, Shire, ViroPharma, and Biocryst. He has
received a research grant for participating in a company-
sponsored scientific study from Shire and ViroPharma and
has been an investigator in a company-sponsored scientific
study for CSL Behring, Shire, ViroPharma, and Pharming.
He has received a travel grant for presenting at a scientific
congress from Shire and ViroPharma and has lectured/
spoken at a company-sponsored meeting for Shire and Viro-
Pharma.

Professor Kivity has been an investigator for Shire, Pharm-
ing, Dyax, Cephalon, and Actelion.

Professor Farkas has acted in a consultant/advisor capacity
for Shire, CSL Behring, ViroPharma, Pharming, and SOBI
and has received a research grant for participating in a com-
pany-sponsored scientific study from CSL Behring, ViroPharma,
and Pharming. She has been an investigator in a company-spon-
sored scientific study for Shire, CSL Behring, and Pharming
and has lectured/spoken at a company-sponsored meeting for
Shire.

Dr Floccard has received payment for lectures from Shire
and CSL Behring and has been an investigator in a com-
pany-sponsored scientific study for Jerini/Shire. He has rec-
eived a travel grant for presenting at a scientific congress
from Shire, Pharming, and CSL Behring.

Dr Arcoleo has been a coinvestigator in a company-spon-
sored scientific study for Shire/Jerini and Pharming.

Professor Martin has received honoraria from Shire and
CSL Behring.

Professor Sitkauskiene has been an investigator in a com-
pany-sponsored scientific study for Jerini AG and Shire.

Professor Bouillet has received honoraria from Shire, CSL
Behring, Pharming, and ViroPharma.

Professor Schmid-Grendelmeier has acted in a consultant/
advisor capacity for Jerini AG, Shire, and CSL Behring. He
has been an investigator in a company-sponsored scientific
study for Shire and has lectured/spoken at a company-spon-
sored meeting for Shire.

Dr Li is an employee of Shire.

Dr Zanichelli has acted as an advisor for Shire and has
been an invited speaker for CSL Behring and Shire.



Results of the FAST-2 open-label extension phase

References

1.

Bork K, Staubach P, Eckardt AJ, Hardt J.
Symptoms, course, and complications of
abdominal attacks in hereditary angioedema
due to CI Inhibitor deficiency. Am J
Gastroenterol 2006;101:619-627.

. Longhurst HJ. Management of acute attacks

of hereditary angioedema: potential role of
icatibant. Vasc Health Risk Manag
2010;6:795-802.

. Bernstein JA, Ritchie B, Levy RJ,

Wasserman RL, Bewtra AK, Hurewitz DS
et al. Hereditary angioedema: validation of
the end point time to onset of relief by
correlation with symptom intensity.

Allergy Asthma Proc 2011;32:36-42.

. Longhurst HJ, Farkas H, Craig T,

Aygoren-Piirsiin E, Bethune C, Bjorkander J
et al. HAE international home therapy
consensus document. Allergy Asthma Clin
Immunol 2010;6:22.

. Davis AE III. The pathophysiology of

hereditary angioedema. Clin Immunol
2005;114:3-9.

. Donaldson VH, Evans RR. A biochemical

abnormality in hereditary angioneurotic
edema: absence of serum inhibitor

of C'l-esterase. Am J Med 1963;35:
37-44.

. Davis AE III. Cl-inhibitor and hereditary

angioneurotic edema. Annu Rev Immunol
1988;6:595-628.

. Cugno M, Nussberger J, Cicardi M,

Agostoni A. Bradykinin and the pathophysi-
ology of angioedema. Int Immunopharmacol
2003;3:311-317.

. Kaplan AP, Ghebrehiwet B. The plasma

bradykinin-forming pathways and its interre-

lationships with complement. Mol Immunol
2010;47:2161-2169.

. Kaplan AP, Joseph K. The bradykinin-

forming cascade and its role in hereditary
angioedema. Ann Allergy Asthma Immunol
2010;104:193-204.

. Davis AE III. Hereditary angioedema: a cur-

rent state-of-the-art review, I1I: mechanisms
of hereditary angioedema. Ann Allergy
Asthma Immunol 2008;100:S7-S12.

. Moreau ME, Garbacki N, Molinaro G,

Brown NJ, Marceau F, Adam A. The
kallikrein-kinin system: current and future
pharmacological targets. J Pharmacol Sci
2005;99:6-38.

. Nussberger J, Cugno M, Amstutz C, Cicardi

M, Pellacani A, Agostoni A. Plasma brady-
kinin in angio-edema. Lancet 1998,
351:1693-1697.

. Nussberger J, Cugno M, Cicardi M,

Agostoni A. Local bradykinin generation in
hereditary angioedema. J Allergy Clin Immu-
nol 1999;104:1321-1322.

. Zuraw BL. Current and future therapy for

hereditary angioedema. Clin Immunol
2005;114:10-16.

. Maurer M, Bader M, Bas M, Bossi F, Cicar-

di M, Cugno M et al. New topics in brady-
kinin research. Allergy 2011;66:1397-1406.

. Bork K, Frank J, Grundt B, Schlattmann P,

Nussberger J, Kreuz W. Treatment of acute
edema attacks in hereditary angioedema with
a bradykinin receptor-2 antagonist (Icati-
bant). J Allergy Clin Immunol
2007;119:1497-1503.

. Cicardi M, Banerji A, Bracho F, Malbran

A, Rosenkranz B, Riedl M et al. Icatibant, a

20.

21.

22.

23.

24.

Bas et al.

new bradykinin-receptor antagonist, in
hereditary angioedema. N Engl J Med
2010;363:532-541.

. Lumry WR, Li HH, Levy RJ, Potter PC,

Farkas H, Moldovan D et al. Randomized
placebo-controlled trial of the bradykinin B,
receptor antagonist icatibant for the treat-
ment of acute attacks of hereditary angioe-
dema: the FAST-3 trial. Ann Allergy Asthma
Immunol 2011;107:529-537.

Bas M, Bier H, Greve J, Kojda G, Hoffman
TK. Novel pharmacotherapy of acute
hereditary angioedema with bradykinin
B,-receptor antagonist icatibant. Allergy
2006;61:1490-1492.

Aberer W. Hereditary angioedema treatment
options: the availability of new therapies.
Ann Med 2012;44:523-529.

Riedl MA, Hurewitz DS, Levy R, Busse PJ,
Fitts D, Kalfus I. Nanofiltered C1 esterase
inhibitor (human) for the treatment of acute
attacks of hereditary angioedema: an open-
label trial. Ann Allergy Asthma Immunol
2012;108:49-53.

Craig TJ, Bewtra AK, Hurewitz D, Levy R,
Janss G, Jacobson KW et al. Treatment
response after repeated administration of C1
esterase inhibitor for successive acute heredi-
tary angioedema attacks. Allergy Asthma
Proc 2012;33:354-361.

Cicardi M, Bork K, Caballero T, Craig T,
Li HH, Longhurst H et al. Evidence-based
recommendations for the therapeutic man-
agement of angioedema owing to hereditary
C1 inhibitor deficiency: consensus report of
an International Working Group. Allergy
2012;67:147-157.

© 2013 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd



