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ackground: Angiotensin-converting enzyme inhibitoreinduced angioedema (ACEI-AE) is mediated by
radykinin. There remains an unmet treatment need because these patients, when presenting to the
mergency department (ED), do not respond to conventional therapies, such as antihistamines and
orticosteroids.
Objective: To estimate the treatment effect of ecallantide, a recombinant plasma kallikrein inhibitor, in ED
patients with ACEI-AE in whom conventional therapy fails.
Methods: This was a triple-blind (patient, physician, and statistician), randomized, controlled, phase 2 study
to estimate the magnitude of safety and efficacy signals for designing a definitive phase 3 trial comparing
conventional therapy with ecallantide to conventional therapy with placebo. Patients were enrolled from
April 1, 2010, through January 31, 2013. The primary efficacy study end point was achieving discharge criteria
from the ED within 4 hours after initiating study-related treatment.
Results: Discharge criteria from the ED was met in 4 hours or less for 8 (31%) of 26 patients receiving
ecallantide vs 5 of (21%) 24 patients receiving placebo (difference in proportions, 10%; 95% confidence in-
terval, �14% to 34%). Ecallantide was well tolerated in both groups.
Conclusions: The results from this preliminary study reveal that ecallantide is safe to use and may increase the
proportionof patientswhomeetearly discharge criteria byapproximately10%. A largerphase3 study isnecessary
to confirm the efficacy and evaluate the cost-effectiveness of ecallantide use for ACEI-AE in the ED setting.
Trial Registration: clinicaltrials.gov Identifier: NCT01036659
� 2015 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction increase in the United States because of the increased use of ACEIs
Angioedema secondary to angioedema-converting enzyme
inhibitors (ACEIs) has become the most common cause of angioe-
dema in patients presenting to the emergency department (ED).1e3

The incidence of ACEIeinduced angioedema (ACEI-AE) continues to
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for a number of chronicmedical conditions. In 2008, ACEIs were the
fourth most commonly prescribed medication, accounting for
approximately 160 million prescriptions written annually.4 The
prevalence of ACEI-AE is estimated at 0.1% to 4%, withmost patients
being older than 65 years and African American.5e7 Retrospective
medical record review studies have reported that approximately
30% to 40% of angioedema cases seen in the ED can be attributed to
ACEIs.8,9 The annual rate of visits to the ED for ACEI-AE is estimated
at 0.7 per 100,000 ED visits.8 Only slightly more than half of these
patients are discharged home from the ED.8

The pathogenesis of ACEI-AE involves accumulation of excess
bradykinin similar to hereditary angioedema (HAE). In contrast to
patients with HAE who have SERPING1 gene mutations on chro-
mosome 11 that lead to functionally abnormal C1 esterase inhibitor
(C1INH) levels,10e13 patients with ACEI-AE produce more bradyki-
nin because of the inhibition of C1INH. C1INH is a potent regulator
of plasma kallikrein, which is important for regulating the con-
version of high-molecular-weight kininogen to bradykinin.14 The 3-
to 4.5-fold higher incidence of ACEI-AE in African American
lsevier Inc. All rights reserved.
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Table 1
Angioedema classification and assessment

Classification of angioedema defined according to Ishoo et al23

Class I: Facial rash, facial edema, lip edema
Class II: Soft palate edema
Class III: Tongue edema
Class IV: Laryngeal edema

Symptom complex response assessment
Significant improvement is when a symptom complex is “a lot better.”
Improvement is when a symptom complex is “a little better.”
Same is when a symptom complex is unchanged.
Worsening is when a symptom complex is “a little worse.”
Significant worsening is when a symptom complex is “a lot worse.”
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compared with white individuals is believed to be due to genomic
and plasma variability of proteins interfering with bradykinin
catabolism.15e20 Not surprisingly, patients with ACEI-AE charac-
teristically do not respond to conventional therapy, including an-
tihistamines or corticosteroids.7,21 Bradykinin-targeted drugs,
available for treatment of HAE due to C1INH deficiency, could be
effective in ACEI-AE. Ecallantide is a novel kallikrein inhibitor
approved in the United States for the treatment of HAE in persons
older than 16 years. Ecallantide works by preventing the break-
down of high-molecular-weight kininogen to bradykinin.22

To determine whether ecallantide would also be a safe and
effective treatment for acute ACEI-AE, we conducted a randomized,
controlled, phase 2 study in ED patients with ACEI-AE in whom
conventional therapy with histamine1 (H1)eantihistamines and
corticosteroids failed. The purpose of the study was to estimate the
magnitude of the efficacy and safety signals so that a phase 3 study
could be appropriately designed.

Methods

Study Design

We performed a triple-blind (patient, physician, and statistician),
randomized, controlled, phase 2 trial comparing the safety and
effectiveness of conventional therapy with ecallantide to conven-
tional therapy with placebo (clinicaltrials.gov Identifier:
NCT01036659). A rescue crossover design was used such that partic-
ipantswho did not improvewith standard therapy and blinded study
drug (ecallantide or placebo) were additionally treated with open-
label ecallantide. An observational arm was included so sensitivity
analyses couldbeconductedusingpatientswho improved rapidlyas a
result of conventional therapy, refused consent for treatment arm, or
were discovered to be pregnant (see exclusion criteria).

Study Participants and Setting

The study was performed at 2 EDs: an urban tertiary care
trauma center ED and a suburban ED. The institutional review
boards of both sites approved the study. Patients were screened for
inclusion from 8 AM to 8 PM 7 days a week. Patients were enrolled
from April 1, 2010, through January 31, 2013. Patients presenting to
either of the study EDs who were diagnosed as having ACEI-AE by
the treating ED physician were considered for inclusion after
standard therapy had been provided by the treating ED physician.
Standard therapy could include oral, intramuscular, or intravenous
H1- or H2- antagonists, oral or intravenous corticosteroids, and
epinephrine. If the patient remained symptomatic and was not
improving after 2 hours or continued to worsen after standard
treatment, they were screened for eligibility. Persons older than 18
years presenting within 12 hours of symptom onset and currently
taking an ACEI were eligible if they had not previously been treated
with ecallantide, had no other definable causes of angioedema (ie,
HAE or acquired angioedema), had not received C1INHs as pro-
phylaxis, were not treated with tranexamic acid or ε-aminocaproic
acid, and had not received fresh frozen plasmawithin 3 days before
enrollment. Women of child-bearing potential required a negative
pregnancy test result before enrollment.

Study Procedures

After providing written informed consent, participants were
randomized 1:1 to receive placebo or ecallantide. After consent,
laboratory testing, including hematologic tests with differential,
serum chemical analysis, coagulation, urinalysis, and, if a female of
child-bearing age, a pregnancy test, was performed. Treatment was
administered as 3 subcutaneous injections of 10 mg each (30 mg
total) as recommended for its use in the treatment of HAE by the
manufacturer. The injection sites had to be at least 1 in apart in a
location distal from the site of swelling but could include the par-
ticipant’s upper arms, thighs, and abdomen. The participant was
then monitored for a minimum of 4 hours with assessments per-
formed every 15�10minutes for the first hour and then every 30�
10 minutes for the remaining 3 hours.

At any timeduringobservation in theED, a single open-label dose
of 30mg of ecallantide (3� 10-mg injection) could be administered
if the study physician determined that a patientwas at risk of severe
upper airway compromise. This open-label dose could occur at any
time after the blinded dose had been administered. Risk of upper
airway compromise was defined as the presence of at least 1 of the
following3 clinicalfindings orobservations: (1)worseningdyspnea,
dysphagia, drooling, or stridor; (2) progression to Ishoo class IV (a
system for predicting airway risk in angioedema)23 (Table 1); or (3)
unstable vital signs (systolic blood pressure<90mmHg, respiratory
rate >28/min, and heart rate >120/min or <40/min).

Participants who had worsening of their symptoms based on a
severity score assessment (Table 1) after 2 hours were administered
an open-label dose of subcutaneous ecallantide (3 �10-mg in-
jections for a total of 30 mg). If after an additional 2 hours, partici-
pants had aworsening of their symptoms, they were administered a
second open-label dose. Observations were considered completed
once a participant had beenmonitored for 4 hours after the last dose
received or on discharge home from the ED. Seven days after
enrollment, participants were followed up by telephone to deter-
mine the occurrence of adverse events or relapse of angioedema
symptoms. Figure 1 summarizes the study design and enrollment.

Study End Point

The primary efficacy study end point was achieving objectively
defined ED discharge criteria within 4 hours of initiating treatment.
A participant was considered eligible for ED discharge when all the
following criteria were fulfilled: stable vital signs (oxygen satura-
tion >92%, systolic blood pressure <160 mm Hg or >90 mm Hg,
diastolic blood pressure<100mmHg, heart rate<100/min or>50/
min, and respiratory rate <20/min), which are routine criteria used
in the ED to determine whether a patient can be safely discharged;
no evidence of stridor, dysphagia, dyspnea, or drooling; and edema
at or below Ishoo class I at the time of evaluation for discharge. This
end point did not always reflect actual discharge home because
patients may have had to be admitted for concomitant unrelated
medical problems.

Participants who required open-label treatment with ecallan-
tide at 4 hours or less were assumed to be treatment failures and
did not meet ED discharge criteria at 4 hours. Safety was assessed
by the adverse event rate and need for rescue therapy. All adverse
events and their causality were regularly reviewed by an inde-
pendent data safety monitoring board throughout the study.

Statistical Analysis

Statistical analyses were conducted on an intent-to-treat basis.
The goals of this study were to estimate the adverse event rate for
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Figure 1. CONSORT 2010 flow diagram.

Table 2
Demographic and presenting characteristicsa

Characteristic Placebo
(n ¼ 24)

Ecallantide
(n ¼ 26)

Age, mean (SD), y 56 (17) 57 (17)
Race
African American 23 (95.8) 22 (84.6)
White 1 (4.2) 4 (15.4)

Non-Hispanic 24 (100) 26 (100)
Female 15 (62.5) 11 (42.3)
ACEI use for <6 months 4 (16.7) 13 (50.0)
Internal swelling at presentation
Not experiencing 1 (4.2) 1 (3.8)
Mild 3 (12.5) 2 (7.7)
Moderate 9 (37.5) 10 (38.5)
Severe 11 (45.8) 13 (50.0)

Internal pain at presentationb,c

Not experiencing 7 (30.4) 10 (38.5)
Mild 5 (21.7) 6 (23.1)
Moderate 8 (34.8) 4 (15.4)
Severe 3 (13.0) 6 (23.1)

Medical history
Hypertension 23 (95.8) 26 (100)
Myocardial infarction 2 (8.3) 3 (11.5)
Coronary artery bypass grafting 2 (8.3) 2 (7.7)
Atrial fibrillation 2 (8.3) 1 (3.8)
Congestive heart failure 2 (8.3) 6 (23.1)
Stroke 1 (4.2) 3 (11.5)
Diabetes mellitus 6 (25.0) 9 (34.6)
Renal disease 3 (12.5) 2 (7.7)
Liver disease 1 (4.2) 1 (3.8)

Vital signs at presentation, mean (SD)
Systolic blood pressure 139 (23) 145 (23)
Diastolic blood pressure 83 (13) 87 (14)
Heart rate 85 (14) 85 (19)
Respiratory rate 18 (3) 17 (3)
Oxygen saturation 97.1 (2.8) 97.3 (1.8)

Minutes from symptom onset to presentation,
median (IQR)

264 (80) 154 (292)

Abbreviation: IQR, interquartile range.
aData are presented as number (percentage) of patients unless otherwise indicated.
bOne patient is missing data.
cSymptoms included choking, hoarseness, altered speech, or breathing.
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safety and to estimate the potential efficacy for designing a phase
3 study. Both safety and efficacy outcomes are binary and are
summarized as proportions. To estimate the magnitude of effect,
differences in proportions with 2-sided 95% confidence intervals
(CIs) are provided. This study was designed to enroll 50 partici-
pants. On the basis of historical data, we expected that patients
treated with placebo would have a 20% discharge rate at 4 hours,
whereas those treated with ecallantide would have a 50%
discharge rate at 4 hours. A 2-sided 95% continuity corrected CI
around the difference in proportions would be extended �29%
with a sample size of 50. All statistical analyses were conducted
using SPSS statistical software, version 21.0 (SPSS Inc, Chicago,
Illinois).
Table 3
Physician assessment of patient at baseline

Variable No. (%) of patients

Placebo (n ¼ 24) Ecallantide (n ¼ 26)

Baseline symptoms
Swelling 15 (62.5) 15 (57.7)
Rash or erythema 7 (29.2) 9 (34.6)
Drooling 3 (12.5) 4 (15.4)
Dysphagia 6 (25.0) 8 (30.8)
Stridor 0 2 (7.7)
Dyspnea 0 0

Ishoo class of edema
I 15 (62.5) 13 (50.0)
II 3 (12.5) 1 (3.8)
III 5 (20.8) 9 (34.6)
IV 1 (4.2) 3 (11.5)

Overall severity
Mild 4 (16.7) 3 (11.5)
Moderate 15 (62.5) 18 (69.2)
Severe 5 (20.8) 5 (19.2)
Results

Treatment Arm

Fifty patients were enrolled in the study: 24 in the placebo
group and 26 in the ecallantide group. The mean (SD) age in the
placebo group was 56 (17) years, and the mean (SD) age in the
ecallantide group was 57 (17) years. Of the 50 patients, 45 (90%)
were African American and 26 (52%) were female. Of the 50 pa-
tients, 43 (86%) presented with moderate or severe internal
swelling, and 21 (42%) presented with moderate or severe internal
pain. Complete demographic and presenting characteristics are
presented in Table 2. During the physician assessment at baseline,
43 (86%) presentedwithmoderate or severe overall severity, and 28
(56%) had Ishoo class I edema. Complete physician assessments of
symptoms are presented in Table 3. When compared with the
placebo group, patients who received ecallantide had a greater
proportion of Ishoo class III and IV symptoms, with similar pro-
portions of overall disease severity. All patients were administered
conventional therapy that consisted of corticosteroids and H1-
antihistamines, and 1 patient in the ecallantide group received
epinephrine before enrollment.
Efficacy

Objectivedischarge criteriaweremet in4hours or less for 5 (21%)
of the 24patients receivingplacebo and for 8 (31%) of the 26patients
receiving ecallantide (difference inproportions,10%; 95% CI,�14% to
34%) (Fig 2). Open-label treatment with ecallantide was required by
13 (54%) of the 24 patients in the placebo group and 11 (42%) of the
26patients in the ecallantide group. Of the 13 patients in the placebo



Figure 2. Proportions of patients meeting discharge criteria in four hours or Less
with 95% confidence intervals for the placebo and ecallantide groups.
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group, 2 (15%) requireda secondopen-label dose, one for relapseand
one for failure to respond. No patients in the ecallantide group
required a second open-label dose. Most of the open-label doses
were administered because of an incomplete treatment response or
for failure to respond to treatment. However,1 patient in the placebo
group and 1 patient in the ecallantide group received the first open-
label dose due to severe upper airway compromise.

Safety

Ecallantide was well tolerated. No local site reactions were re-
ported in either group. Most patients reported at least one adverse
event. Adverse events related to their angioedema were reported
by 6 (25%) of the 24 patients in the placebo group and 4 (15%) of the
26 patients in the ecallantide group (Table 4). Serious adverse
events included hospitalization for longer than 24 hours because of
worsening of angioedema, chest pain, recurrence of angioedema,
and supraventricular tachycardia for patients in the placebo group
and hospitalization for longer than 24 hours because of angioe-
dema, gastric pain, and chest pain for patients in the ecallantide
group. None of the adverse events or serious adverse events were
deemed to be related to drug.

Discussion

Patients with ACEI frequently present with angioedema of the
gastrointestinal tract, face, lips, tongue, and neck that requires
Table 4
Proportion of patients with adverse events, adverse events related to angioedema,
and serious adverse events

Event Placebo,
No. (%)
(n ¼ 24)

Ecallantide,
No. (%)
(n ¼ 26)

Difference in
proportion
(95% CI), %

Any adverse event 18 (75.0) 17 (65.4) �9.6 (�34.8 to 15.6)
Any related adverse eventa 6 (25.0) 4 (15.4) �9.6 (�31.8 to 12.6)
Adverse event only 12 (50.0) 15 (57.7) 7.7 (�19.9 to 35.3)
Serious adverse eventb 6 (25.0) 2 (7.7) �17.3 (�37.4 to 2.8)

Abbreviation: CI, confidence interval.
aAdverse events were related to angioedema but were not considered to be related
to treatment with ecallantide.
bSerious adverse events included hospitalization for longer than 24 hours because of
worsening of angioedema, chest pain, recurrence of angioedema, and supraven-
tricular tachycardia for the placebo group and hospitalization for longer than 24
hours because of angioedema, gastric pain, and chest pain for the ecallantide group.
emergency care, including intubation to prevent asphyxiation and
death.14,24e28 Because there are no currently available biomarkers
that measure bradykinin or metabolites, which could differentiate
ACEI-AE from other forms of histamine-mediated angioedema, the
diagnosis ismade largely byhistoryandphysical examination. If ACEI-
AE is suspected, it is recommended that the ACEI treatment be
immediately discontinued to prevent progression and recurrence of
angioedema.3 However, discontinuation of use of the drug does not
usually result in rapid resolution of angioedema, and frequently the
angioedemacanpersist and evenprogress for 24 to 48hours or longer
despite standard therapy with antihistamines and corticosteroids.3

A 5-year medical record review of all patients with angioedema
seen at community and tertiary care hospital EDs found that pa-
tients diagnosed as having ACEI-AE tend to be 65 years or older and
have unilateral angioedema symptoms in the absence of urticaria
or itching.29 Moreover, hospital admission for angioedema is
strongly related to a patient having ACEI-AE and especially those
with a lack of improvement despite treatment with conventional
therapy.29 These studies suggest that ACEI-AE is associated with
significant morbidity and health care use, supporting the devel-
opment of novel therapies targeted to treat this condition. There is
a significant unmet need for therapies that target bradykinin pro-
duction in the management of ACEI-AE, such as Ecallantide. The
Evaluation and Management of Angioedema in the Emergency
Department guidelines reflect this gap in treatment by empha-
sizing the need for a real-time biomarker to measure bradykinin or
metabolites to confirm nonhistaminergic angioedema and more
effective treatment approaches for patients with ACEI-AE.30

The results of this phase 2 study reveal a trend that patients
receiving standard therapy plus ecallantide met criteria for
discharge home from the ED within 4 hours after initiating treat-
ment when compared with standard therapy plus placebo.
Furthermore, ecallantide is to use in the ED for the treatment of
ACEI- AE because no significant adverse events were noted
throughout the trial. Of interest, a number of patients enrolled in this
study reported associated rash and erythema associated with
angioedema that were not characterized as hives. As previously re-
ported, manifestation of rash or urticaria is uncommon.31 However,
it is possible to speculate that the rash and erythema was a mani-
festation of increased bradykinin release because rashes are
commonly reported in patients presenting with HAE.32

The absence of a statistically significant difference between
ecallantide and placebo may be explained by the small number of
patients enrolled in this study. Anotherexplanationmaybe related to
enrolling patients with ACEI-AE with milder lip involvement. Twice
as many patients receiving ecallantide (n ¼ 12) were classified as
having Ishoo class III or IV in severity compared with patients
receiving placebo (n ¼ 6). Inclusion bias is also possible given the
relatively small sample size, although the sample was similar to pa-
tients with ACEI-AE who were included in a retrospective medical
record review of 100 patients who presented to the ED with ACEI-
AE.33 Despite these limitations, the 10% difference is similar to that
found in another study of ecallantide for treatment of ACEI-AE and
suggests that this may be a robust estimate on which to base the
designof aphase3 study (clinicaltrials.gov Identifier:NCT01343823).

The use of a second open-label dose of ecallantide for those
patients who did not respond or appeared to be worsening by 2
hours may have obfuscated our ability to determine the effect of
ecallantide over several hours. The rationale to provide an open-
label dose was based on previous HAE trials that incorporated a
severe upper airway compromise dose for patients with symptoms
suggestive of laryngeal edema.

A multicenter, phase 2, double-blind study investigating ecal-
lantide at 3 different doses (10, 30, or 60 mg) compared with pla-
cebo in patients with ACEI-AE unresponsive to conventional
therapy was recently published.34 Similar to our study, the primary
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end point was defined as meeting predetermined discharge criteria
within 6 hours after study drug administration. This study, which
was based on the design of our study, was discontinued after an
interim analysis revealed no statistical difference between active
drug and placebo. Although that study did not permit administra-
tion of a second dose of ecallantide, it was still subject to many of
the other same limitations sited in our study. The lack of efficacy
supports our recommendations for more rigorously designed
future studies to definitively ascertain whether there is a role for
using medications designed to inhibit bradykinin production or
block its activity in the treatment of ACEI-AE. For such studies, it is
reasonable to speculate that earlier administration of ecallantide to
these patients may better delineate a clinically significant differ-
ence between active treatment and placebo.

Conclusions

In summary, the results of this study indicate that novel HAE
therapies, such as ecallantide, may increase the proportion of pa-
tients who meet early discharge criteria by approximately10% and
are safe to use. Subsequent larger studies that are powered to
detect a 10% difference in outcomes and that control for other po-
tential confounders are required to confirm the efficacy of ecal-
lantide in ACEI-AE. In addition, whether a 10% improvement in
discharge rate reflects cost-effectiveness of this treatment for ACEI-
AE to prevent hospitalizations and intensive care unit admissions
should be ascertained.
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