
Repeat treatment of acute hereditary angioedema attacks with
open-label icatibant in the FAST-1 trial

A. Malbrán,* M. Riedl,† B. Ritchie,‡

W. B. Smith,§ W. Yang,¶ A. Banerji,**
J. Hébert,†† G. J. Gleich,‡‡

D. Hurewitz,§§ K. W. Jacobson,¶¶

J. A. Bernstein,*** D. A. Khan,†††

C. H. Kirkpatrick,‡‡‡ D. Resnick,§§§

H. Li,¶¶¶ D. S. Fernández Romero* and
W. Lumry****
*Hospital Británico de Buenos Aires, Buenos

Aires, Argentina, †UCLA – David Geffen School

of Medicine, Los Angeles, CA, USA,

**Massachusetts General Hospital, Harvard

Medical School, Boston, MA, USA ¶¶¶Shire,

Lexington, MA, USA, ‡‡University of Utah Health

Sciences Center, Salt Lake City, UT, USA,
§§Allergy Clinic of Tulsa, Tulsa, OK, USA,
¶¶Allergy and Asthma Research Group, Eugene,

OR, USA, ***University of Cincinnati,

Cincinnati, OH, USA, †††University of Texas

Southwestern Medical Center and ****AARA

Research Centre, Dallas, TX, USA ‡‡‡University of

Colorado Health Science Center, Denver, CO,

USA, §§§Columbia University Medical Center,

New York, NY, USA, ‡University of Alberta,

Edmonton, AB, Canada, ¶Allergy and Asthma

Research Centre, Ottawa, ON, Canada, ††Centre

de Recherche Appliquée en Allergie de Québec,

Québec City, QC, Canada, and §Clinical

Immunology and Allergy, Royal Adelaide

Hospital, Adelaide, SA, Australia

Summary

Hereditary angioedema (HAE) is characterized by potentially life-
threatening recurrent episodes of oedema. The open-label extension (OLE)
phase of the For Angioedema Subcutaneous Treatment (FAST)-1 trial
(NCT00097695) evaluated the efficacy and safety of repeated icatibant expo-
sure in adults with multiple HAE attacks. Following completion of the
randomized, controlled phase, patients could receive open-label icatibant
(30 mg subcutaneously) for subsequent attacks. The primary end-point was
time to onset of primary symptom relief, as assessed by visual analogue scale
(VAS). Descriptive statistics were reported for cutaneous/abdominal attacks
1–10 treated in the OLE phase and individual laryngeal attacks. Post-hoc
analyses were conducted in patients with ≥ 5 attacks across the controlled
and OLE phases. Safety was evaluated throughout. During the OLE phase, 72
patients received icatibant for 340 attacks. For cutaneous/abdominal attacks
1–10, the median time to onset of primary symptom relief was 1·0–2·0 h. For
laryngeal attacks 1–12, patient-assessed median time to initial symptom
improvement was 0·3–1·2 h. Post-hoc analyses showed the time to onset of
symptom relief based on composite VAS was consistent across repeated treat-
ments with icatibant. One injection of icatibant was sufficient to treat 88·2%
of attacks; rescue medication was required in 5·3% of attacks. No icatibant-
related serious adverse events were reported. Icatibant provided consistent
efficacy and was well tolerated for repeated treatment of HAE attacks.
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Introduction

Hereditary angioedema (HAE) is a rare autosomal domi-
nant disorder affecting approximately one in 50 000 people
[1]. HAE attacks, characterized by recurrent episodes of
oedema in the skin, abdomen, upper respiratory tract, and
in rare cases other organs, are unpredictable in their onset,
severity, frequency and duration [2]. Correct diagnosis and

rapid treatment of HAE attacks can significantly reduce
morbidity [3,4], and even mortality, due especially to
untreated laryngeal attacks [4].

The majority of HAE patients experience numerous
attacks over the course of their lifetime, ranging from fewer
than one attack a year up to, and sometimes in excess of, 52
attacks per year [5–7]. The frequent need for medical inter-
vention and disruption to normal daily life can significantly
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impact a patient’s ability to work or attend school, having a
serious detrimental effect on quality of life [8,9].

The underlying cause of HAE is a mutation in the
C1-esterase inhibitor (C1-INH) gene, SERPING-1, resulting
in reduced levels (HAE type I) or function (HAE type II) of
the C1-INH protein [10]. C1-INH deficiency causes activa-
tion of several serum pathways (including the complement,
contact, fibrinolytic and coagulation pathways), resulting in
elevation of vascular mediators, such as bradykinin, the
key mediator of oedema in HAE attacks. Once bound to
bradykinin B2 receptors, bradykinin causes vasodilation,
increased vascular permeability and fluid accumulation in
interstitial tissues [11].

Icatibant (Firazyr®; Shire, Eysins, Switzerland), a brady-
kinin B2 receptor antagonist available for self-
administration in adult patients with HAE types I and II,
effectively blocks the binding of bradykinin to the brady-
kinin B2 receptor, thereby inhibiting oedema formation
[12]. The efficacy of a single dose of icatibant (30 mg)
administered subcutaneously in HAE patients was con-
firmed in three Phase III, randomized, controlled, multi-
centre studies, the For Angioedema Subcutaneous
Treatment (FAST)-1, -2 and -3 trials [13,14].

Following training, patients are able to self-administer
icatibant without onsite health-care supervision; it is there-
fore important to demonstrate whether repeated icatibant
self-treatment is associated with any loss of efficacy or
unexpected adverse effects (AEs).

This paper describes the results of the open-label exten-
sion (OLE) phase and post-hoc analyses of the FAST-1
study, which investigated the efficacy and safety of repeated
treatment with icatibant in HAE patients.

Methods

Study design

FAST-1 was a Phase III, randomized, double-blind, placebo-
controlled study conducted at 32 centres between Decem-
ber 2004 and March 2008, in the United States, Canada,
Australia, Argentina and Brazil.

FAST-1 comprised two phases: a controlled phase (previ-
ously reported by Cicardi et al. [13]) and an OLE phase. The
controlled phase included patients treated for first attacks
either as double-blind treatment of cutaneous and/or
abdominal attacks with icatibant or placebo, or open-label
treatment with icatibant of laryngeal attacks. All subsequent
moderate-to-severe attacks that required treatment, inde-
pendent of their location (cutaneous, abdominal or laryn-
geal), were treated in the OLE phase. Patients who were
screened and found to be eligible, but who either did not
experience an angioedema attack or did not experience an
attack severe enough to require treatment during the con-
trolled phase, were allowed to directly enter the modified
OLE phase following the closure of the controlled phase.

The study was approved by the independent ethics com-
mittee or institutional review board at each site and con-
ducted in accordance with the Declaration of Helsinki, the
International Conference on Harmonization Good Clinical
Practice Guidelines and current local regulatory require-
ments. All patients provided written informed consent to be
included in the study.

Patients

Inclusion and exclusion criteria for the OLE phase of
FAST-1 were similar to the controlled phase of FAST-1 [13].
The main inclusion criteria were: age ≥18 years, docu-
mented diagnosis of HAE types I or II (confirmed by either
functional or immunogenic C1-INH deficiency results from
the central laboratory or by medical history), and an attack
in the cutaneous, abdominal and/or laryngeal areas severe
enough to warrant treatment.

The primary exclusion criteria included a diagnosis of
other forms of angioedema, serious concomitant illness and
pregnancy or lactation. Patients were also excluded if they
received pain medication prior to treatment for the current
attack, C1-INH products fewer than 3 days from the onset
of the current angioedema attack or angiotensin-converting
enzyme inhibitor treatment.

All patients who experienced an attack that was suffi-
ciently severe to require treatment and did not receive treat-
ment with replacement therapy, including C1-INH
products within 3 days from the attack onset, were eligible
for treatment with icatibant in the OLE phase of the study;
a visual analogue scale (VAS) of ≥30 mm was not a prereq-
uisite for treatment.

Treatment

During the OLE phase, initial treatment consisted of a
single subcutaneous icatibant injection (30 mg) in the
abdominal region, regardless of treatment received during
the controlled phase. Further injections of icatibant (30 mg)
were permitted if symptoms worsened within 48 h of the
initial treatment (up to a maximum of three doses at least
6 h apart). Symptom worsening more than 48 h after initial
treatment was considered a new attack. Rescue medication
(e.g. C1-INH, anti-emetic agents or opiates) for relief of any
symptom was permitted.

Symptom assessments

Prior to icatibant administration, the following assessments
were made: patient symptom assessment using both a
validated 100 mm VAS (with higher scores indicating
increased severity; http://www.fda.gov/downloads/Advisory
Committees/CommitteesMeetingMaterials/Drugs/Pulmona
ry-AllergyDrugsAdvisoryCommittee/UCM260022.pdf), and
separately using a five-point scale (where 0 = absence of
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symptoms and 4 = very severe symptoms), patient-reported
time to initial symptom improvement, investigator global
assessment (assessment of all cutaneous, abdominal and
laryngeal symptoms combined using a five-point scale (as
above), vital signs, physical examination and pregnancy
status. Following icatibant treatment, patients were moni-
tored in a hospital or outpatient clinical research centre for
4–5 h. Patients assessed their symptoms using a VAS every
30 min from 1–4 h post-treatment and then at 5, 6, 8, 10 and
12 h post-treatment. Patient symptom score assessment using
the five-point scale was performed at 2, 4, 6 and 10 h post-
treatment. The investigator global assessment was performed
at 4 h post-treatment. Follow-up visits were scheduled
24–48 h post-icatibant injection and a final attack assessment
was performed on day 14 (±2).

In addition to the pretreatment assessments, physicians
recorded rescue medication use and AEs, and assessed local
tolerability [injection site reaction (ISR)] during follow-up
visits. Blood samples were collected pretreatment, during
the attack at 0·5, 2·5 and 5·0 h and on day 14 to measure
antibody activity, complement activation (c3a-des-Arg) and
laboratory safety. For patients from whom at least one
serum sample had been obtained after the start of the study,
testing for anti-icatibant antibodies was performed with the
use of enzyme-linked immunosorbent assays. Samples for
complement activation were to be collected for only the first
four attacks in the OLE phases.

Efficacy measures

Cutaneous and abdominal attacks. The attack was defined
as either cutaneous or abdominal when patients experi-
enced only cutaneous or only abdominal symptoms. If both
types of symptoms were present, the attack was classified as
abdominal if abdominal symptoms were considered
moderate-to-very severe by the investigator, and cutaneous
if abdominal symptoms were mild and at least one cutane-
ous symptom was moderate-to-very severe.

The primary end-point of FAST-1 was the time to onset
of symptom relief based on a single primary symptom.

Other efficacy measures in patients with cutaneous and
abdominal attacks in the OLE phase were time to almost
complete symptom relief, investigators’ global assessment
and patient-reported time to initial symptom improvement.

Time to onset of primary symptom relief was defined as
the time from treatment to the first of three consecutive
measurements in which there was a reduction below
0·86 × baseline VAS value – 16 for baseline VAS values
≥30 mm (corresponding to a 31 mm reduction for baseline
VAS of 100 mm and 21 mm for baseline VAS of 30 mm).
For abdominal attacks, the primary symptom was defined
as abdominal pain; for cutaneous attacks, it was the more
severe of either skin swelling or skin pain. Time to almost
complete symptom relief was defined as the time from
treatment to the first of three consecutive measurements in

which all symptoms had VAS scores between 0 and 10 mm
(of a possible 100 mm). Time to initial symptom improve-
ment was defined as the time from treatment to when the
patient first started to improve. Patients were asked to
record the date and time when they felt their symptoms
started to improve; this does not correspond to a symptom
score.

Post-hoc analysis

The post-hoc analysis evaluated the time to onset of
symptom relief based on the three-symptom composite
patient-assessed symptom score (average VAS score for skin
swelling, skin pain and abdominal pain). Time to onset of
symptom relief was defined as the time from treatment to
the first of three consecutive measurements with at least a
50% reduction from pretreatment in the three-symptom
composite score.

Laryngeal attacks. The term ‘laryngeal attack’ was used for
all cases with symptoms of upper airway obstruction.
Patients presenting with laryngeal symptoms were always
defined as such, irrespective of the severity of other symp-
toms of angioedema. The following outcome measures were
used to assess laryngeal symptoms: patient-assessed time to
initial symptom improvement, change in investigator-
assessed symptom score severity and investigator global
assessment of attack severity.

Safety

Safety was evaluated up to 24 weeks post-treatment by AE
reporting, including the incidence and severity of AEs and
ISRs.

An HAE attack was defined as any HAE symptoms occur-
ring within 48 h after the onset of symptoms. Any clinically
relevant worsening of the signs and symptoms of a treated
attack, and any laryngeal attack which occurred during the
course of the open-label phase, were considered to be an
AE. Recurrence of HAE symptoms more than 48 h after an
initial attack was to be considered a new attack, and was
therefore not to be reported as an AE.

During the study, laboratory evaluations for safety were
performed by local laboratories using standard methods.
Haematology parameters included haemoglobin, haemato-
crit, red blood cell count, white blood cell count, platelet
count, mean corpuscular haemoglobin and mean corpuscu-
lar volume. Coagulation parameters included prothrombin
time and activated partial thromboplastin time. Clinical
chemistry parameters included glucose, creatinine, uric
acid, urea, total bilirubin, aspartate aminotransferase,
alanine aminotransferase, gamma glutamyl transferase,
creatinine phosphokinase and pregnancy testing. Urinalysis
was performed using a dipstick test, and recorded as normal
or abnormal.
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Statistical analysis

Non-laryngeal attacks in the open-label extension
phase. Efficacy and safety analyses included all patients
treated in the OLE phase stratified by on-study attack
number. Times to onset of primary symptom relief, almost
complete symptom relief and initial symptom improvement
were analysed using Kaplan–Meier methods where at least
10 patients were available for assessment. Patients not
achieving the end-point were censored at the time of the
last available assessment. Descriptive statistics, medians and
95% confidence intervals (CIs) are presented by on-study
attack number for the first 10 attacks treated with icatibant
in the OLE phase. The majority of patients experienced
their first on-study attack (attack 1), treated with either
icatibant or placebo during the controlled phase, and results
from their first attack treated with icatibant in the OLE
phase are categorized as attack 2 (second on-study attack).
The results from patients who experienced their first
on-study attack treated with icatibant in the OLE phase are
categorized as attack 1.

Post-hoc analyses of non-laryngeal attacks. Post-hoc analyses
were carried out to assess the efficacy of repeated treat-
ment with icatibant. For the cohort of patients treated
with icatibant for at least five attacks (including attacks
treated in the controlled phase), descriptive statistics,
medians and 95% CIs are presented stratified by icatibant-
treated attack number. The first icatibant-treated attack
could have occurred in either the controlled phase or the
OLE phase. Time to onset of primary symptom relief,
onset of symptom relief based on the composite symptom
score, almost complete symptom relief and initial
symptom improvement were analysed using Kaplan–Meier
methods. Patients not achieving the end-point were cen-
sored at the time of the last available assessment. For the
same cohort of patients, observation period AEs are also
reported. These are defined as treatment-emergent AEs
occurring prior to or on the date of the day 14 visit or
study discontinuation (whichever occurs first) for each
study drug-treated attack.

Analysis of laryngeal attacks. The efficacy of icatibant for
the treatment of laryngeal attacks was evaluated using all
icatibant-treated laryngeal attacks (including attacks
treated in the controlled phase). Kaplan–Meier methods
were employed for the analysis of the time to initial
symptom improvement end-point stratified by on-study
attack number. Patients not achieving the end-point were
censored at the time of the last available assessment.
Descriptive statistics, medians and 95% CIs are presented
by on-study attack number. For the analysis of the
investigator’s global assessment and patient-assessed
symptom scores, results are presented collapsed across all
attacks.

Results

Patient characteristics

During the OLE phase, a total of 72 patients received
icatibant for 340 attacks, including 20 patients who entered
directly into the OLE phase and 52 of 64 patients from the
controlled phase. Of these 72 patients, 42 were treated for
118 cutaneous attacks, 46 patients were treated for 184
abdominal attacks, 19 patients were treated for 37 laryngeal
attacks and one patient had an unclassified attack. The date
of the first treatment in the OLE phase was 2 March 2005
and the date of the last patient visit was 31 March 2008.

There were more female than male patients (68·1 versus
31·9%) and the majority of patients were Caucasian (63·9%).
The mean age and weight of patients treated in the OLE
phase (35·5 years, 76·6 kg) were similar to the icatibant-
treated patients in the controlled phase (34·8 years, 80·3 kg)
[13]. The highest number of attacks treated with icatibant in
a single patient was 21 over a 2-year period.

Evaluations

Although 72 patients were treated in the OLE phase, the
number of patients eligible for efficacy analyses based on
VAS was lower due to a number of factors, including:
patients with laryngeal attacks were not included in efficacy
analyses based on VAS; and patients with missing baseline
VAS or with a baseline VAS less than 30 mm were excluded
from the analyses.

A total of 35 patients discontinued the study during the
OLE phase: 28 patients in the safety population, two
patients with laryngeal symptoms at baseline and five
patients who did not receive treatment during the con-
trolled phase.

The post-hoc analyses consisted of 26 patients with at
least five icatibant-treated attacks. Of these 26 patients, 12
were treated for at least 10 attacks and five were treated for
at least 15 attacks.

Clinical efficacy

Cutaneous and abdominal attacks. In the open-label exten-
sion phase, the median time to onset of primary symptom
relief for cutaneous and/or abdominal attacks ranged
between 1·0 and 2·0 h for attacks 1–10 (Table 1). The
median time to onset of primary symptom relief for cuta-
neous attacks ranged between 2·0–4·8 h, and for abdominal
attacks the range was 1·0–1·1 h (attacks 1–10).

For cutaneous and/or abdominal attacks, the median time
to almost complete symptom relief for attacks 1–10 ranged
between 4·7 and 55·0 h (Table 1). The median time to almost
complete symptom relief of 55·0 h was calculated for attack
8, where time to almost complete symptom relief was not
documented for eight of 14 patients treated but censored.

FAST-1 OLE
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The investigators’ global assessment demonstrated an
improvement in symptom severity for both cutaneous and
abdominal attacks within 4 h, regardless of pretreatment
attack severity (Supporting information, Tables S1 and S2).
A rapid reduction in symptom severity was reported simi-
larly by the patient for most attacks following treatment
with icatibant; the median time to initial symptom
improvement ranged from 0·4 to 0·8 h (Table 1).

Post-hoc analyses of the cohort of 26 patients treated for
at least five attacks in the controlled and OLE phases of
FAST-1 demonstrated that the time to onset of symptom
relief based on a three-symptom composite VAS score was
similar (Fig. 1a), with no noticeable variation with repeated
treatment with icatibant, ranging between 1·5 and 2·0 h
(Table 2). Moreover, time to onset of primary symptom
relief was comparable (Fig. 1b) with increasing attack
number, ranging between 1·1 and 2·5 h (Table 2).

Time to almost complete symptom relief was also gener-
ally similar with increasing attack number (Fig. 1c), ranging
between 5·0 and 26·6 h over the first five icatibant-treated
attacks (Table 2). It should be noted that 14 of 26 patients
(53·8%) in attack 4 were censored; censoring in the other
attacks ranged from 20·8 to 36·8% of patients.

Laryngeal attacks. Icatibant also remained efficacious over
repeated treatment of laryngeal attacks. Nineteen patients
were treated for 37 laryngeal attacks in the OLE phase
without the need for intubation; the patient-assessed time
to initial symptom improvement ranged from 0·1 to 5·3 h
across all attacks (Fig. 2). The investigator’s global assess-
ment showed a rapid improvement in symptom severity

within 4 h post-dose and, by 24 h post-icatibant treatment,
all laryngeal symptoms were reported as mild or absent
(Supporting information, Fig. S1). This was supported by
the patient-assessed symptom score, which showed a reduc-
tion of severity of the individual symptoms within 4 h, with
the majority of symptoms reported as mild or absent by 4 h
(Supporting information, Fig. S2).

Rescue medication and retreatment with icatibant

Open-label extension phase. A single icatibant injection was
used in 300 of the 340 attacks (88·2%). Two injections were
used in 36 attacks (10·6%) and three injections in four
attacks (1·2%). Of the 40 attacks requiring additional
icatibant injections, 23 were abdominal (12·5% of 184
abdominal attacks), 12 cutaneous (10·2% of 118 cutaneous
attacks) and five laryngeal (13·5% of 37 laryngeal attacks); 29
attacks were associated with reported AEs of HAE. The
second icatibant injection was administered on average
25·6 h (median = 24·0 h; IQR = 16·5–34·8 h) after the initial
injection.

Rescue medication (including C1-INH in four patients
and symptomatic therapy in 10 patients) was used in 18 of
the 340 attacks (5·3% of attacks: nine abdominal, seven
cutaneous and two laryngeal), two of which were associ-
ated with HAE AEs. In the majority of cases, rescue
medication was administered 12–24 h after icatibant
administration.

Post-hoc analyses. For patients treated with icatibant for at
least five attacks, post-hoc analyses demonstrated that the

Table 1. Efficacy measures evaluated in patients treated in the open-label extension (OLE) phase of For Angioedema Subcutaneous Treatment

(FAST)-1.

Icatibant-treated

attack number

Time to onset of primary

symptom relief †, h

Time to almost complete

symptom relief §, h

Time to initial symptom

improvement¶, h

n‡ Censored Median (95% CI), h n Censored Median (95% CI), h n Censored Median (95% CI), h

1 11 1 1·0 (1·0, 2·5) 13 6 8·0 (4·0, 8·1) 20 3 0·5 (0·2, 1·0)

2 48 1 2·0 (1·5, 2·5) 55 14 10·0 (3·6, 29·0) 63 7 0·6 (0·4, 0·7)

3 36 0 1·8 (1·0, 2·5) 40 12 16·8 (6·0, 36·0) 44 4 0·6 (0·4, 0·8)

4 31 4 1·5 (1·0, 2·5) 35 13 12·4 (5·0, 38·3) 38 3 0·7 (0·4, 1·0)

5 21 2 1·3 (1·0, 2·0) 23 10 26·6 (2·5, 72·2) 29 4 0·5 (0·4, 0·8)

6 19 3 1·5 (1·0, 2·3) 21 10 5·5 (3·2, n.e.) 23 2 0·4 (0·3, 0·5)

7 16 3 1·5 (1·0, 3·6) 16 4 4·7 (1·6, 15·0) 18 0 0·4 (0·3, 0·7)

8 14 3 1·2 (1·0, 2·5) 14 8 55·0 (3·0, 55·0) 15 0 0·4 (0·3, 0·6)

9 12 2 1·3 (1·0, 2·0) 12 4 5·1 (2·5, 18·2) 15 1 0·8 (0·4, 1·0)

10 11 1 1·5 (1·0, 9·0) 12 5 5·9 (3·0, n.e.) 14 0 0·4 (0·3, 0·9)

†Onset of primary symptom relief was defined the first of three consecutive measures in which there was a reduction less than 0·86 × baseline VAS

value – 16 for a single primary symptom VAS score where the baseline VAS value was ≥ 30 mm; n.e. = not estimable. For abdominal attacks, the

primary VAS score was defined as abdominal pain, and for cutaneous attacks as the more severe of either skin swelling or skin pain. The median time

to onset was calculated using Kaplan–Meier methodology. ‡Number of patients with pretreatment VAS score ≥ 30 mm. §Almost complete symptom

relief was defined as the first of three consecutive measures in which all symptom scores were between 0 and 10 mm on the VAS scale. The median

time to almost complete symptom relief was calculated using Kaplan–Meier methodology. ¶Time to initial symptom improvement was defined as the

start of improvement of symptoms according to the patient. The median time to onset was calculated using Kaplan–Meier methodology. CI = confi-

dence interval; VAS = visual analogue scale.
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proportion requiring more than one injection ranged
between 0·0 and 23·1% for attacks 1–5 (Fig. 3).

Safety

Open-label extension phase. During the OLE phase, 59 of the
72 patients (81·9%) reported 236 AEs, most of which were
mild-to-moderate in severity. HAE attacks (either worsening
of the current attack or a new attack) were the most com-
monly spontaneously reported AE (23 patients, 31·9%); 49%
of these attacks were abdominal, 37% were cutaneous and
14% were laryngeal. Three patients had five events, one
patient had four events, three patients had three events, four
patients had two events and 12 patients had one event. Head-
ache and upper respiratory tract infection were reported in
14 patients ([19·4%) and nine patients (12·5%), respectively.
Nineteen patients (26·4%) reported 33 severe AEs: 11
patients (15·3%) reported severe HAE and two patients
(2·8%) reported severe headache; all other severe AEs were
each reported by just one patient. A total of four severe AEs
were considered to be drug-related [headache (n = 3) in one
patient, and HAE attack (n = 1) in another patient]. Overall,
31 drug-related AEs were observed in 16 patients (22·2%),
with the most frequent being injection site pain and head-
ache [five patients (6·9%) each]. Four serious AEs (SAEs)
were reported in three patients (4·2%); two episodes of pan-
creatitis in one patient, a severe HAE attack (occurring 13 h
post-icatibant injection) in one patient and severe chest pain
in one patient. These were not considered related to icatibant,
and all patients recovered.

ISRs were assessed separately from spontaneous reports
of AEs. ISRs were reported in 70 (97·2%) patients, all of
whom experienced erythema and the majority of whom
also experienced swelling [66 patients (91·7%)]. Most ISRs
were mild-to-moderate in severity and resolved spontane-
ously without further intervention. There were no with-
drawals due to ISRs.

No antibody response towards icatibant was observed in
patients with HAE, and there were no signs of complement
activation as measured by C3a-des-Arg. There were also no
clinically relevant changes in laboratory parameters during
the OLE phase.

No patients discontinued due to AEs and no patient died
during the study.

Post-hoc analyses. In the post-hoc analyses there was no
observed trend towards increased number of AEs or
treatment-related AEs with increasing number of icatibant
administrations. No patients reported an SAE (Table 3).

Discussion

The results of the FAST-1 OLE phase and the post-hoc
analyses presented here demonstrated that, over a mean
period of 0·85 (0·03–2·32) years, icatibant provided
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Fig. 1. Post-hoc analyses of the proportion of patients achieving (a)

onset of symptom relief† (b) onset of symptom relief for the primary

symptomb and (c) almost complete symptom reliefc. 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 (OLE) phases of For Angioedema Subcutaneous

Treatment (FAST-1). aOnset of symptom relief was defined as the first

of three consecutive measures in which there was at least a 50%

reduction from pretreatment in the three-symptom composite visual

analogue scale (VAS) score. The median time to onset to onset is

calculated using Kaplan–Meier methodology. bOnset of primary

symptom relief was defined as the first of three consecutive measures

in which there was a reduction less than 0·86 × baseline VAS

value – 16 for a single primary VAS score, where the baseline VAS

value was ≥30 mm. For abdominal attacks, the primary VAS score was

defined as abdominal pain, and for cutaneous attacks as the more

severe of either skin swelling or skin pain. The median time to onset is

calculated using Kaplan–Meier methodology. cAlmost complete

symptom relief was defined as the first of three consecutive measures

in which all three symptoms scores were between 0 and 10 mm on the

VAS scale. The median time to almost complete symptom relief was

calculated using Kaplan–Meier methodology.
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consistent efficacy and was generally well tolerated for the
repeat self-treatment of cutaneous, abdominal and laryn-
geal HAE attacks in adults. The efficacy observed in the
controlled phase [13] was consistent throughout the OLE
phase as evaluated up to attack 10, with no observed trend
towards delayed onset of symptom relief associated with
repeated icatibant treatment. Response to icatibant tended
to be faster in patients with abdominal symptoms com-
pared with those with cutaneous symptoms, as has been
reported in previous studies with C-INH concentrate [15–
17]. The overall median time to almost complete response
(the closest measure to attack resolution in this study) was

10 h (95% CI = 5·0, 31·5) in the post-hoc analyses. A possi-
ble limitation of this study, however, was that almost half
the patients were censored from the time to almost com-
plete symptom relief analyses as they did not have three
consecutive assessments with all VAS ≤10 mm. In patients
with laryngeal attacks, treatment with icatibant was associ-
ated with a median time to initial symptom improvement
in the range of 0·1–5·3 h across all attacks. Rapid symptom
improvement is vital for patients who experience these
types of HAE attacks due to the potential for airway
obstruction [4].

Also supporting our results was the observation that the
majority of patients (88·2%) were treated adequately with a
single injection of icatibant, with only 40 of 340 (11·8%)
attacks requiring additional injections and only 18 of 340
(5·3%) attacks requiring rescue medication (including
C1-INH and symptomatic therapy). The reasons for admin-
istering rescue medication were not always indicated clearly

Table 2. Post-hoc analyses of efficacy measures evaluated in patients treated for at least five attacks with icatibant in the controlled and open-label

extension (OLE) phases of For Angioedema Subcutaneous Treatment (FAST)-1.

Icatibant-treated

attack number

Time to onset of

symptom relief †, h

Time to onset of primary

symptom relief ‡, h

Time to almost complete

symptom relief §, h

n Censored Median (95% CI), h n Censored Median (95% CI), h n Censored Median (95% CI), h

1 24 2 1·9 (1·0, 3·1) 24 1 2·5 (1·5, 3·1) 24 5 5·0 (3·0, 34·0)

2 24 1 1·5 (1·1, 2·0) 24 0 1·1 (1·0, 2·0) 24 7 6·3 (3·0, 36·8)

3 24 1 2·0 (1·0, 2·5) 24 1 1·2 (1·0, 2·3) 24 7 14·9 (4·0, 48·1)

4 26 4 1·7 (1·3, 2·5) 26 4 1·5 (1·0, 2·3) 26 14 26·6 (12·4, –)

5 19 3 1·5 (1·0, 3·5) 19 3 1·5 (1·0, 3·2) 19 7 5·5 (2·5, 72·2)

Overall¶ 63 5 2·0 (1·5, 2·5) 63 5 2·0 (1·5, 2·7) 64 16 10·0 (5·0, 31·5)

The cohort of patients demonstrated here are from the post-hoc analyses of those treated for at least five attacks with icatibant during the con-

trolled and OLE phases of FAST-1. †Onset of symptom relief was defined as the first of three consecutive measures in which there was at least a 50%

reduction from pretreatment in the three-symptom composite VAS score. The median time to onset was calculated using Kaplan–Meier methodology.
‡Onset of primary symptom relief was defined as the first of three consecutive measures in which there was a reduction less than 0·86 × baseline VAS

value – 16 for a single primary VAS score where the baseline VAS value was ≥30 mm. For abdominal attacks, the primary VAS score as defined as

abdominal pain, and for cutaneous attacks as the more severe of either skin swelling or skin pain. The median time to onset was calculated using

Kaplan–Meier methodology. §Almost complete symptom relief was defined as the first of three consecutive measures in which all symptom scores were

between 0–10 mm on the VAS scale. The median time to almost complete symptom relief was calculated using Kaplan–Meier methodology. ¶The

analyses of the ‘overall’ population are based on the cohort of patients with at least one icatibant-treated attack across the controlled and OLE phases.

CI = confidence interval; FAST-1 = For Angioedema Subcutaneous Treatment 1 trial; OLE = open-label extension; VAS = visual analogue scale.
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by the investigator, but in the majority of cases rescue
medication was given even when the severity of initial HAE
symptoms had considerably subsided or the symptoms were
recorded as absent. A limitation of this study was that the
timing of the start of the AE was not recorded, and so we
cannot draw any conclusions about the actual timing
between icatibant dosing and worsening or recurrence of
HAE symptoms. Reinjection and the use of rescue medica-
tion is an obvious concern to clinicians and patients, for
reasons of both cost and patient convenience. Our results
are similar to those of a recent Phase IIIb, open-label, multi-
centre study of a single icatibant injection in adult patients
with HAE types I and II, which reported that 91·8% of
patients required only one icatibant injection and 6·6% of
patients required rescue medication [18].

The relatively recent US approval of several therapies for
the treatment of HAE attacks (pasteurized and nanofiltered
C1-INH concentrate, ecallantide and icatibant) has resulted
from controlled clinical trials demonstrating their efficacy
in primarily single attacks [13,19–23]. As patients with HAE
will continue to suffer attacks throughout their lives, some-
times on a weekly basis [5–7], they require treatments
which demonstrate consistent efficacy with repeated use.

The findings reported here from the FAST-1 OLE phase
and post-hoc analyses have demonstrated that icatibant
maintained consistent efficacy in the treatment of cutane-
ous, abdominal and laryngeal HAE attacks, across a number
of important clinical parameters including onset of
symptom relief and almost complete symptom relief.
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