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Ecallantide (DX-88) for acute hereditary angioedema
attacks: Integrated analysis of 2 double-blind, phase 3
studies

Albert L. Sheffer, MD,a Marilyn Campion, MS,b Robyn J. Levy, MD,c H. Henry Li, MD, PhD,d Patrick T. Horn, MD, PhD,e

and William E. Pullman, MDe Boston, Newton, and Cambridge, Mass, Atlanta, Ga, and Wheaton, Md
Background: Hereditary angioedema (HAE) is a rare disorder
characterized by recurrent angioedema attacks. Ecallantide, a
novel plasma kallikrein inhibitor, inhibits production of
bradykinin, the key mediator of these angioedema attacks.
Objective: We sought to further characterize the safety and
efficacy of ecallantide for HAE attacks by performing an
integrated analysis of pooled data from 2 phase 3 studies.
Methods: An integrated analysis was conducted with data from
2 randomized, double-blind, placebo-controlled studies in which
patients with HAE (age >_10 years) received 30 mg of
subcutaneous ecallantide or placebo within 8 hours of onset of a
moderate-to-severe attack at any anatomic site. Efficacy was
evaluated by using validated patient-reported outcome
measures: the Mean Symptom Complex Severity (MSCS) score
and the Treatment Outcome Score (TOS).
Results: Compared with placebo, ecallantide resulted in
significantly greater reduction in MSCS scores from baseline to
4 hours after dosing (ecallantide [mean 6 SD], 20.97 6 0.78;
placebo, 20.47 6 0.71; P < .001) and a significantly greater
increase in TOSs at 4 hours (ecallantide, 55.5 6 46.5; placebo,
20.0 6 58.9; P < .001). Significantly greater symptomatic
improvement over placebo occurred through 24 hours after
dosing (MSCS score, P 5 .028; TOS, P 5 .039). Ecallantide
demonstrated efficacy at all attack sites. The incidence of
treatment-emergent adverse events was similar between groups.
Conclusions: This integrated analysis supports and expands on
the results of the phase 3 studies. Ecallantide appears to be
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effective and well tolerated for the treatment of HAE attacks.
(J Allergy Clin Immunol 2011;nnn:nnn-nnn.)
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Hereditary angioedema (HAE), a rare autosomal dominant
disorder associated with functional deficiency of C1 esterase
inhibitor (C1-INH), is characterized by recurrent attacks of
nonpruritic nonpitting edema. Subcutaneous HAE attacks
typically affect the face, extremities, genitals, and trunk.1,2

Submucosal attacks commonly affect the upper respiratory
tract, potentially leading to asphyxiation, or the gastrointesti-
nal tract, with the potential for incapacitating abdominal
pain, nausea, and vomiting that can lead to unnecessary ex-
ploratory surgery.2-5

HAE attacks are mediated through the kallikrein-kinin cas-
cade, typically initiated by activation of factor XII to factor XIIa,
which converts prekallikrein into plasma kallikrein. Plasma
kallikrein cleaves high-molecular-weight kininogen to generate
bradykinin. C1-INH is a key inhibitor of both factor XIIa and
plasma kallikrein. In patients with HAE, reduced C1-INH activity
results in increased levels of plasma kallikrein, which lead to
excessive production of bradykinin, yielding increased vascular
permeability and edema.1-3

US Food and Drug Administration–approved, disease-specific
agents now exist for long-term prophylaxis and acute treatment of
HAE.6-8 These agents provide alternatives to the attenuated
17a-alkylated androgens and antifibrinolytic agents historically
used for long- and short-term prophylaxis.1-3,9-11

Ecallantide (Kalbitor; Dyax Corp, Cambridge, Mass), a novel
recombinant peptide produced in Pichia pastoris yeast, is US
Food and Drug Administration approved for the treatment of
acute HAE attacks.12,13 As a potent (Ki 5 25 pmol/L), selective,
reversible inhibitor of plasma kallikrein, ecallantide treats acute
attacks of HAE by inhibiting plasma kallikrein-mediated produc-
tion of bradykinin.

The Evaluation of DX-88’s Effects in Mitigating Angioedema
(EDEMA) clinical development program included 2 randomized,
double-blind, placebo-controlled phase 3 studies: EDEMA3–
Double-Blind (DB)14 and EDEMA4.15 The similarities between
these 2 studies justified pooling of their data to assess the treat-
ment effects of ecallantide in a larger patient group. Here we
present the findings of this integrated analysis, including new
post hoc analyses made possible with this larger data set.
1
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Abbreviations used
AE: T
reatment-emergent adverse event
C1-INH: C
1 esterase inhibitor
Dose B: A
dditional dose of 30 mg of subcutaneous ecallantide
EDEMA: E
valuation of DX-88’s Effects in Mitigating

Angioedema
EDEMA3-DB: E
valuation of DX-88’s Effects in Mitigating

Angioedema Double-Blind
HAE: H
ereditary angioedema
MSCS: M
ean Symptom Complex Severity
SAE: T
reatment-emergent serious adverse event
SUAC: S
evere upper airway compromise
TOS: T
reatment Outcome Score
METHODS
The objectives of EDEMA3-DB and EDEMA4 were to assess the safety

and efficacy of 30 mg of subcutaneous ecallantide versus placebo in the

treatment of moderate-to-severe acute attacks of HAE. Both studies were

randomized, double-blind, placebo-controlled trials of similar design.
Patients and interventions
The appropriate institutional review board approved the studies at each site.

Informed consent was obtained from patients before study entry. Patients aged

10 years or older with a confirmed diagnosis of HAE who presented to the

study site within 8 hours of onset of a moderate-to-severe HAE attack were

randomized 1:1 to receive 30 mg of subcutaneous ecallantide or placebo.

During randomization, patients were stratified by ecallantide treatment history

and attack site.

After initial treatment, both protocols permitted administration of an

additional open-label dose of 30 mg of subcutaneous ecallantide if there was

risk of severe upper airway compromise (SUAC). In EDEMA4, but not in

EDEMA3-DB, an additional dose of 30 mg of subcutaneous ecallantide (Dose

B) was permitted if the patient had no response (failure to achieve beginning of

improvement) or an incomplete response (failure to achieve significant overall

improvement after experiencing initial improvement) within 4 hours or

experienced a relapse (recurrence of attack symptoms between 4 and 24

hours after dosing after experiencing initial improvement).

Each study enrolled both patients who had received ecallantide previously

(nonnaive patients) and those who had never received ecallantide (naive

patients). For patients treated in both EDEMA3-DB and EDEMA4, this

integrated analysis only includes results from their initial treatment episode to

maintain treatment-group independence.
Efficacy and safety assessments
Treatment efficacy was assessed by using validated, HAE-specific, patient-

reported outcome measures: the Mean Symptom Complex Severity (MSCS)

score and the Treatment Outcome Score (TOS).16 For both scores, patients

identified the location of attack symptoms based on 5 symptom complexes: in-

ternal head/neck (upper respiratory attacks, referred to as laryngeal); stomach/

gastrointestinal (referred to as gastrointestinal); and genital/buttocks, external

head/neck, or cutaneous (collectively referred to as peripheral).

Change in MSCS score, a comprehensive point-in-time measure of

symptom severity, was the primary end point in EDEMA4 and a secondary

end point in EDEMA3-DB. On presentation, patients identified all active

symptom complexes and rated the severity of each on a 3-point scale (1, mild;

2, moderate; and 3, severe). At 4 and 24 hours after dosing, patients rated

severity of all symptom complexes identified at baseline, as well as any

symptom complexes that emerged since presentation (0, no symptoms

[applicable only to symptoms present at baseline]; 1, mild; 2, moderate; and

3, severe). The ratings from all presenting and emerging symptom complexes

were averaged to generate the MSCS score. A decrease in MSCS score from

baseline reflects an improvement in symptoms; the minimally important
difference for change in MSCS score from baseline was estimated to be

20.30.16

TOSwas the primary end point in EDEMA3-DB and a secondary end point

in EDEMA4. TOS provides a comprehensive measure of treatment response

that integrates anatomic locations. At 1, 2, 3, 4, and 24 hours after dosing, the

patient’s assessment of response for each symptom complex compared with

baseline was recorded as follows: significant improvement (1100), improve-

ment (150), same (0), worsening (250), and significant worsening (2100).

The response for each symptom complex was weighted by the baseline sever-

ity, and the TOSwas generated by averaging responses at each time point. The

minimally important difference for TOS was estimated to be 130.16

MSCS scores and TOSs were not determined at 4 and 24 hours for patients

who received an SUAC dose or at 24 hours for patients who received Dose B.

Patients were also asked to complete an overall response assessment every 15

minutes for the first 2 hours, every 30minutes for hours 3 and 4, and again at 24

hours. Possible responses included ‘‘a lot better or resolved,’’ ‘‘a little better,’’

‘‘same,’’ ‘‘a little worse,’’ or ‘‘a lot worse.’’ Overall response within 4 hours of

treatment was evaluated in 3 ways: ‘‘improvement in overall response’’ was

defined as a response of ‘‘a little better’’ or ‘‘a lot better or resolved’’;

‘‘sustained improvement in overall response’’ was defined as a response of ‘‘a

little better’’ or ‘‘a lot better or resolved’’ for a continuous duration of at least

45 minutes; and ‘‘significant improvement in overall response’’ was defined as

a response of ‘‘a lot better or resolved,’’ reflecting complete or near-complete

symptom resolution. Durable responsewas defined as achieving improvement

in overall response at 4 hours with either no change or further improvement at

24 hours. Patients who received a SUAC dose or Dose B were considered

nonresponders.

Safety analysis was based on evaluation of reported treatment-emergent

adverse events (AEs), which were defined as adverse events with onset on or

after study drug administration, as per individual study protocol. For placebo-

treated patients who received open-label ecallantide, AEs experienced before

ecallantide administration were counted in the placebo group; AEs experi-

enced after ecallantide administration were counted in the ecallantide group.

Presenting HAE attacks that resulted in hospitalization were captured as

treatment-emergent serious adverse events (SAEs); new and untreated HAE

attacks reported during the 28-day follow-up period were captured as either

AEs or SAEs. Patients were also evaluated for the development of hypersen-

sitivity reactions, including anaphylaxis, according to criteria developed by

the National Institute of Allergy and Infectious Diseases.17

Other safety evaluations included posttreatment assessment of serum

chemistries, hematologic parameters, and immunologic parameters (antibody

status and seroconversion). Antibody status was evaluated by using a validated

electrochemiluminescence assay, which uses bridging technology and detects

anti-ecallantide antibodies of all immunoglobulin subclasses (IgG, IgA, IgM,

and IgE); this methodology is unable to distinguish between non-IgE isotypes.

If the initial screening assay result was positive, a confirmatory assay was

conducted. Samples were considered positive only if both the screening and

confirmatory assay results were positive at titers of greater than 5. Samples that

were confirmed positive for anti-ecallantide antibodies were also tested for

neutralizing antibodies to ecallantide. Seroconversion that occurred during

treatment episodes in EDEMA3 (both the double-blind arm and the open-label

extension) or EDEMA4 were captured in this analysis.
Statistical methods
Change from baseline in MSCS score was analyzed by using the nonpara-

metric Wilcoxon rank sum test. The TOS was analyzed by using the exact

Wilcoxon 2-sample test to account for the large number of ties in the TOS data;

P values were estimated by using Monte Carlo simulation. The Fisher exact

test was used to compare proportions of responders based on various threshold

levels; patients who received an SUAC dosewithin 4 hours were imputed to be

treatment failures in these analyses. Unless otherwise noted, P values of less

than .05 (using a 2-sided significance level) indicate statistical significance. In-

terquartile range values, the 25th and the 75th percentiles of a data set, indicate

the data spread.

By using the same assumptions that were used to power the individual

studies (ie, TOS for EDEMA3-DB14 and change in MSCS score for



TABLE I. Patients’ demographics from integrated analysis of

controlled phase 3 studies of ecallantide

Characteristic

Ecallantide

(n 5 70)

Placebo

(n 5 73)

Total

(n 5 143)

Age* (y)

Mean (SD) 36.5 (13.3) 36.1 (13.5) 36.3 (13.4)

Median 34.8 37.1 35.9
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EDEMA415), the pooling of the 2 studies provided the following power for

analyses by attack location:

d abdominal: 82% power for TOS and 61% power for change in MSCS

score;

d laryngeal: 34% power for TOS and 22% power for change in MSCS

score; and

d peripheral: 76% power for TOS and 56% power for change in MSCS

score.

Range 16-77 10-72 10-77

Sex, no. (%)

Female 49 (70.0) 45 (61.6) 94 (65.7)

Male 21 (30.0) 28 (38.4) 49 (34.3)

Race, no. (%)

White 58 (82.9) 65 (89.0) 123 (86.0)

Nonwhite 12 (17.1) 8 (11.0) 20 (14.0)

Black 4 (5.7) 6 (8.2) 10 (7.0)

Hispanic 6 (8.6) 1 (1.4) 7 (4.9)

Asian 1 (1.4) 1 (1.4) 2 (1.4)

Other 1 (1.4) 0 1 (0.7)

Prior exposure to

ecallantide, no. (%)

Naive 59 (84.3) 54 (74.0) 113 (79.0)

Nonnaive 11 (15.7) 19 (26.0) 30 (21.0)

*Age at time of informed consent for the HAE episode used in the integrated

analysis.
RESULTS

Study population
EDEMA3-DB included 72 patients (36 per treatment group),

and EDEMA4 included 96 patients (48 per treatment group); 25
patients enrolled in both studies (n 5 14 ecallantide-treated
patients and n5 11 placebo-treated patients). Thus the integrated
efficacy analysis includes 143 unique patients (n5 70 ecallantide-
treated patients and n 5 73 placebo-treated patients). The safety
analysis includes 100 ecallantide-treated patients and 81 placebo-
treated patients. Figs E1 and E2 (available in this article’s Online
Repository at www.jacionline.org) show the derivation of the in-
tegrated efficacy and safety populations, respectively.

Baseline demographics are summarized in Table I. Treatment
groups were generally well matched with respect to age, sex,
and race. At baseline, gastrointestinal attacks (44.8%) were the
most frequently reported primary attacks. Relative to the placebo
group, the ecallantide group had more peripheral attacks (45.7%
vs 31.5%, respectively) and laryngeal attacks (21.4% vs 12.3%,
respectively) and fewer gastrointestinal attacks (32.9% vs
56.2%, respectively).

Clinical efficacy profile
In the integrated analysis the change from baseline MSCS

score at 4 hours after dosing was significantly greater for the
ecallantide group than for the placebo group (ecallantide [mean
6 SD], 20.97 6 0.78; placebo, 20.47 6 0.71; P < .001, Wil-
coxon rank sum test). By 4 hours, 74.3% of ecallantide-treated pa-
tients experienced a reduction in symptom severity at least as
great as the minimally important difference (20.30) compared
with 49.3% of placebo-treated patients (P5 .003). These results,
along with the proportion of patients achieving additional higher
thresholds with respect to changes in MSCS scores (which were
sensitivity analyses corresponding to more stringent definitions
of clinical relevance), are summarized in Table II.

The TOS at 4 hours after dosing was significantly higher for
ecallantide-treated patients than for placebo-treated patients
(ecallantide [mean 6 SD], 55.5 6 46.5; placebo, 20.0 6 58.9;
P < .001 for exact Wilcoxon 2-sample test). At 4 hours, 70.0% of
ecallantide-treated patients experienced an improvement at least
as great as the minimally important difference threshold (30.0)
compared with 38.0% of placebo-treated patients (P < .001).
TOS results, along with the proportion of patients achieving addi-
tional higher TOS thresholds (whichwere sensitivity analyses cor-
responding to more stringent definitions of clinical relevance), are
summarized in Table III. For comparison purposes, the MSCS
score and TOS results from the individual studies, EDEMA3-
DB14 and EDEMA4,15 are presented in Table E1 (available in
this article’s Online Repository at www.jacionline.org).

The proportion of patients who achieved improvement in
overall response within 4 hours after dosing was greater in the
ecallantide-treated group (51/70 [72.9%]) than in the placebo-
treated group (42/73 [57.5%]), although this difference did not
reach statistical significance (P5 .079). A total of 48 (68.6%) of
70 ecallantide-treated patients compared with 30 (41.1%) of 73
placebo-treated patients achieved sustained improvement in over-
all response within 4 hours (P5 .001). A total of 33 (47.1%) of 70
ecallantide-treated patients and 19 (26.0%) of 73 placebo-treated
patients achieved significant improvement in overall response
within 4 hours (P5 .010). These results are summarized in Fig 1.

The durability of response was assessed by using change in
MSCS score and TOS at 24 hours after dosing. For both change
in MSCS score (Table II) and TOS (Table III), symptomatic
improvement in the ecallantide group was significantly greater
than in the placebo group at 24 hours (MSCS score, P 5 .028,
Wilcoxon rank sum test; TOS, P 5 .039, exact Wilcoxon
2-sample). On the basis of patients’ assessments of their over-
all response to treatment, a statistically significant difference in
the proportion of patients with a durable response was observed
between ecallantide-treated patients (34/65 [52.3%]) and
placebo-treated patients (22/68 [32.4%]) at 24 hours after
dosing (P 5 .023).

Table IV presents subpopulation analyses based on primary at-
tack location (gastrointestinal, laryngeal, or peripheral). For pa-
tients experiencing gastrointestinal attacks, the change in
MSCS score at 4 hours after dosing indicated significantly greater
improvement for ecallantide-treated patients than for placebo-
treated patients (P 5 .001). Similar trends were observed for pa-
tients experiencing peripheral and laryngeal attacks. With respect
to TOS, improvement was significantly greater for ecallantide-
treated patients than for placebo-treated patients for all attack
locations (gastrointestinal, P 5 .026; laryngeal, P 5 .041; and
peripheral, P 5 .035).
Clinical safety profile
The incidence of AEs was similar between ecallantide-treated

(36.0%) and placebo-treated (34.6%) patients. The most com-
monly reported AEs in the ecallantide group were headache

http://www.jacionline.org
http://www.jacionline.org


TABLE III. TOS at 4 and 24 hours after dosing

Ecallantide (n 5 70) Placebo (n 5 73) P value

TOS at 4 h

No.* 67 67

Median 50.0 0.0 <.001�
IQR 16.7 to 100.0 0.0 to 66.7

Mean (SD) 55.5 (46.5) 20.0 (58.9)

Proportion of responders at 4 h based on threshold levels for TOS

No.� 70 71
>_30, no. (%) 49 (70.0) 27 (38.0) <.001§
>_50, no. (%) 49 (70.0) 27 (38.0) <.001§
>_70, no. (%) 30 (42.9) 16 (22.5) .012§
>_100, no. (%) 26 (37.1) 15 (21.1) .042§

TOS at 24 h

No.k 51 50

Median 100.0 75.7 .039�
IQR 50.0 to 100.0 0.0 to 100.0

Mean (SD) 75.5 (40.4) 51.4 (59.6)

IQR, Interquartile range.

*Analysis included only patients with valid end point assessments. Three patients in

the ecallantide group received an SUAC dose and thus had no 4-hour assessment. Six

patients in the placebo group either received an SUAC dose (n 5 4) or were missing

4-hour data (n 5 2).

�Comparison between ecallantide and placebo, exact Wilcoxon 2-sample test with

Monte Carlo simulation.

�Number of evaluable patients: patients who received an SUAC dose within 4 hours

were considered evaluable and were analyzed as nonresponders. Two patients in the

placebo group who were missing 4-hour data were considered nonevaluable.

§Fisher exact test: P values of less than .0125 were considered significant to account

for the high degree of dependence between the groups.

kAnalysis included only patients with valid end point assessments. Nineteen patients in

the ecallantide group either received Dose B (n5 11), an SUAC dose (n5 3), or were

missing 24-hour data (n5 5). Similarly, 23 patients in the placebo group either received

Dose B (n 5 16), an SUAC dose (n 5 4), or were missing 24-hour data (n 5 4). One

patient in the placebo group received both Dose B and a SUAC dose.

TABLE II. MSCS scores at 4 and 24 hours after dosing

Ecallantide (n 5 70) Placebo (n 5 73) P value

Change from baseline MSCS score at 4 h

No.* 67 67

Median 21.00 20.33 <.001�
IQR 21.50 to 20.50 21.00 to 0.00

Mean (SD) 20.97 (0.78) 20.47 (0.71)

Proportion of responders at 4 h based on threshold levels for change in

MSCS score

No.� 70 71
<_20.3, no. (%) 52 (74.3) 35 (49.3) .003§
<_20.5, no. (%) 52 (74.3) 32 (45.1) <.001§
<_20.7, no. (%) 43 (61.4) 27 (38.0) .007§
<_21.0, no. (%) 42 (60.0) 27 (38.0) .012§

Change from baseline MSCS score at 24 h

No.k 51 49

Median 21.50 21.00 .028�
IQR 22.00 to 21.00 21.67 to 20.50

Mean (SD) 21.37 (0.78) 21.04 (0.73)

IQR, Interquartile range.

*Analysis included only patients with valid end point assessments. Three patients in

the ecallantide group received an SUAC dose and thus had no 4-hour assessment. Six

patients in the placebo group either received an SUAC dose (n 5 4) or were missing

4-hour data (n 5 2).

�Comparison between ecallantide and placebo, Wilcoxon rank sum test.

�Number of evaluable patients: patients who received an SUAC dose within 4 hours

were considered evaluable and were analyzed as nonresponders. Two patients in the

placebo group who were missing 4-hour data were considered nonevaluable.

§Fisher exact test: P values of less than .0125 were considered significant to account

for the high degree of dependence between the groups.

kAnalysis included only patients with valid end point assessments. Nineteen patients

in the ecallantide group either received Dose B (n 5 11), an SUAC dose (n 5 3), or

were missing 24-hour data (n 5 5). Similarly, 24 patients in the placebo group either

received Dose B (n 5 16), an SUAC dose (n 5 4), or were missing 24-hour data (n 5
5). One patient in the placebo group received both Dose B and an SUAC dose.
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(8.0%), nausea (5.0%), diarrhea (4.0%), pyrexia (4.0%), and
nasopharyngitis (3.0%) versus headache (7.4%), diarrhea (3.7%),
and vomiting (3.7%) in the placebo group. A total of 3.0% of
ecallantide-treated patients and 4.9% of placebo-treated patients
reported anAE ofHAE during the follow-up period. Three (3.0%)
patients in the ecallantide group reported mild local injection site
reactions versus 1 (1.2%) patient in the placebo group. Most AEs
were of mild or moderate severity and unrelated to study drug
administration. No patients withdrew from these studies because
of an AE.

The incidence of SAEs was also similar between ecallantide-
treated (3.0%) and placebo-treated (3.7%) patients. In the
ecallantide group all 3 of the reported SAEs were worsening of
the symptoms of the presenting HAE attack (1 moderate and 2
severe requiring hospitalization) considered unrelated to treat-
ment. The 2 patients who experienced severe HAE attacks were
both initially randomized to placebo; 1 patient received Dose B
for incomplete resolution of gastrointestinal symptoms and
1 patient received both SUAC and Dose B for a severe laryngeal
attack. Of the 3 SAEs reported in the placebo group, 2 were HAE
attacks, and 1 was hospitalization for a moderately severe HAE
attack.

Because of the potential for hypersensitivity reactions, includ-
ing anaphylaxis, to ecallantide, a protein therapeutic, AEs were
examined for cases suggestive of anaphylaxis and hypersensitiv-
ity. Each event was evaluated for temporal relationship, causal
relationship, seriousness, and presence of other symptoms
suggestive of hypersensitivity by using National Institute of
Allergy and Infectious Diseases anaphylaxis criteria.17 There
were no events reported in this patient population that were diag-
nostic of anaphylaxis or moderate-to-severe hypersensitivity.

Additional safety assessments revealed no clinically relevant
changes in coagulation parameters (activated partial thrombo-
plastin time, prothrombin time, and thrombin time), hepatic
function, or renal function in ecallantide-treated patients. One
placebo-treated patient experienced an increase in activated
partial thromboplastin time levels 1.5 times greater than the
upper limit of normal but did not experience a clinically signif-
icant hemorrhage.

Because patients with HAE are likely to receive multiple doses
of ecallantide for the treatment of acute attacks over time,
antibody status and seroconversion (development of anti-
ecallantide antibodies) were part of the safety evaluation.
A total of 133 patients who enrolled in EDEMA3 (including the
open-label extension) or EDEMA4 received at least 1 dose of
ecallantide during the overall EDEMA program (including the
phase 2 studies). Of these patients, 127 had negative and 4 (all of
whom had prior exposure to ecallantide) had positive results for
anti-ecallantide antibodies at the time of their first treatment in
either EDEMA3-DB or EDEMA4. After dosing, anti-ecallantide
antibodies were detected at a titer of greater than 5 in 2 of the 127
patients who had negative results at baseline, yielding a serocon-
version rate of 1.6%. One of these patients exhibited non-IgE
antibodies to ecallantide, and the other patient exhibited both IgE



FIG 1. Proportion of patients achieving improvement in overall response by 4 hours after dosing. See the

Methods section for definitions of beginning of improvement, sustained improvement, and significant

improvement. These data reflect cumulative responses through 4 hours based on an overall response

assessment conducted every 15 minutes for the first 2 hours and every 30 minutes for hours 3 and 4.

P values are from the Fisher exact test.

TABLE IV. Change from baseline in MSCS score and TOS at 4 hours after dosing by primary attack location

Primary attack location*

Change in MSCS score at 4 h after dosing TOS at 4 h after dosing

Ecallantide (n 5 70) Placebo (n 5 73) P valuey Ecallantide (n 5 70) Placebo (n 5 73) P valuey
Gastrointestinal

No. 23 39 23 39

Median 21.0 20.5 .001 50.0 25.0 .026

IQR 22.0 to 21.0 21.0 to 0.0 50.0 to 100.0 0.0 to 100.0

Mean (SD) 21.4 (0.9) 20.5 (0.8) 62.5 (40.7) 27.3 (60.9)

Laryngeal

No. 12 6 12 6

Median 21.0 20.7 .335 100.0 225.0 .041

IQR 21.5 to 20.5 21.0 to 0.0 66.7 to 100.0 250.0 to 60.0

Mean (SD) 21.0 (0.7) 20.6 (0.8) 73.6 (49.5) 21.1 (67.9)

Peripheral

No. 32 22 32 22

Median 21.0 0.0 .111 50.0 0.0 .035

IQR 21.0 to 0.0 21.0 to 0.0 0.0 to 100.0 233.3 to 50.0

Mean (SD) -0.7 (0.6) -0.4 (0.6) 43.6 (47.4) 12.9 (53.2)

IQR, Interquartile range.

*Primary attack location was determined in a hierarchical fashion: the primary attack was classified as laryngeal if a moderate-to-severe oropharyngeal head-neck symptom

complex was identified at baseline (regardless of the presence of other symptom complexes). If the attack was not considered laryngeal, it was classified as gastrointestinal if a

moderate-to-severe gastrointestinal symptom complex was identified at baseline. Otherwise, the attack was classified as peripheral if a moderate-to-severe nonoropharyngeal

head-neck, genital, or cutaneous symptom complex was identified at baseline.

�Comparison between ecallantide and placebo, Wilcoxon rank sum test.
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and non-IgE antibodies. Both patients seroconverted after treat-
ment in the open-label extension of EDEMA3. Positive samples
were assayed for the presence of neutralizing antibodies to
ecallantide. In patients who had negative results at baseline for
neutralizing antibodies, 2 (1.6%) of 127 demonstrated serocon-
version to neutralizing antibodies.

In these double-blind studies, no differences in the overall
incidence or type of AEswere observed between patients who had
anti-ecallantide antibodies and those who did not. Furthermore,
comparison of changes in MSCS scores and TOSs between
seropositive and seronegative patients did not suggest any abro-
gation of treatment effect resulting from seroconversion.
DISCUSSION
During an HAE attack, unregulated activation of plasma

kallikrein results in increased production of bradykinin, the key
mediator of HAE attacks, through the contact pathway.18,19 This
article describes the findings of an integrated analysis of pooled
data sets from 2 placebo-controlled phase 3 studies of nearly iden-
tical design that evaluated the efficacy and safety of ecallantide,
an inhibitor of plasma kallikrein, in the treatment of acute HAE
attacks.

This analysis was conducted primarily to address the con-
straints on sample size inherent in clinical studies of HAE, the
rarity of which makes enrollment of large patient numbers
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difficult. For the primary end points (TOS and change in MSCS
score at 4 hours), the pooled analysis achieved greater statistical
significance for the ecallantide versus placebo comparison than
either EDEMA3-DB or EDEMA4 (TOS:P <.001 vs P5 .004 and
P5 .003, respectively; MSCS score:P <.001 vsP5 .014 andP5
.010, respectively).

Pooling the data from these studies also provided greater
statistical power with respect to subset analyses and secondary
end points. For most secondary measures of efficacy at 4 and 24
hours, P values for the integrated analysis were typically less than
the smaller of the 2 P values from the individual studies, improv-
ing the degree of statistical confidence. The integrated analysis
allowed for new ecallantide versus placebo comparisons based
on attack location, amore robust examination of response durabil-
ity, and greater insight into the response level that can be expected
within 4 hours of treatment.

The study population was broadly representative of the overall
HAE population: median agewas 36 years, and 65%were female;
in a recent survey of patients with HAE, median agewas 40 years,
and 60% were female.20 Although small in absolute terms, the
number of patients was substantial considering the low preva-
lence of HAE. Efficacy was measured by the MSCS score and
the TOS, validated patient-reported outcomes that can be used
to reliably assess variations in symptom complex severity, as
well as the patient’s response to administered therapy, respec-
tively.16 The change from baseline in MSCS score and TOS
demonstrated statistically robust, clinically meaningful between-
group differences favoring ecallantide over placebo at 4 hours
after dosing. Significantly more ecallantide-treated patients than
placebo-treated patients achieved improvement at least as great
as the minimally important differences in MSCS scores and
TOSs. In addition, these between-group differences remained
significant across more stringent improvement thresholds, con-
firming that a clinically meaningful benefit was observed.

The durability of response to ecallantide was demonstrated by
significant differences favoring ecallantide over placebo in both
theMSCS score and TOS at 24 hours after dosing. Themajority of
ecallantide-treated patients achieved a response by 4 hours and
maintained it through 24 hours after a single dose, indicating the
durability of response on an individual patient basis. No patient in
the integrated analysis population experienced rebound, defined
as symptom improvement at 4 hours followed by a global
response assessment at 24 hours that was either at or worse than
baseline.

The integrated analysis showed strong evidence for the
efficacy of ecallantide at all attack locations based on TOS. In
spite of pooling, not all attack location subgroups had sufficient
size to be able to demonstrate statistically significant between-
group differences, especially for the MSCS score, although the
data trend in favor of ecallantide treatment. When assessed by
MSCS score at 4 hours after dosing, symptom improvement was
most robust for those patients with gastrointestinal attacks; when
assessed based on TOS at 4 hours after dosing, symptom
improvement after ecallantide treatment was statistically supe-
rior to placebo at all attack sites (gastrointestinal, laryngeal, and
peripheral).

In this pooled analysis, ecallantide was found to be safe and
generally well tolerated, with an incidence of AEs and SAEs
comparable with that seen with placebo. Most AEs were mild to
moderate in intensity and resolved without sequelae. Careful
review of all potential hypersensitivity-related AEs demonstrated
no evidence of hypersensitivity reactions to ecallantide in this
population.

The rate of seroconversion to both anti-ecallantide antibodies
and to neutralizing antibodies was 1.6%. It is important to note
that the electrochemiluminescence methodology used to test for
anti-ecallantide antibodies is unable to differentiate between non-
IgE isotypes. In this analysis, seroconversion was not associated
with any observable effect on ecallantide efficacy or on AEs,
although the number of seropositive patients was small, and these
studies were not designed to assess the effect of seroconversion to
anti-ecallantide antibodies. An ongoing, long-term, observational
study should provide additional insight into the clinical signifi-
cance of the presence of anti-ecallantide antibodies.

In conclusion, an integrated analysis of independent data sets
from 2 placebo-controlled phase 3 studies provides statistically
robust and new information about ecallantide for the treatment of
acute attacks of HAE. Ecallantide demonstrated activity at all
attack sites, sustained efficacy through 24 hours, and a low
incidence of AEs. Additionally, in this population there were no
reports of anaphylaxis or moderate-to-severe drug hypersensitiv-
ity reactions. Ecallantide reduces symptom severity during acute
HAE attacks while offering ease of administration through the
subcutaneous route. By blocking plasma kallikrein and reducing
cleavage of high-molecular-weight kininogen and the subsequent
release of bradykinin, ecallantide effectively treats HAE attacks.
Thus ecallantide represents an important therapeutic option for a
previously unmet medical need.

We thank Stephen Collins, MS, and Elizabeth Colston, MD, PhD, of

Publication CONNEXION (Newtown, Pennsylvania) for writing and editorial

assistance on the manuscript and Leslie E. Stolz, PhD, of Dyax Corp

(Cambridge, Massachusetts) for her contributions and critical review during

the writing of the manuscript. EDEMA3 and EDEMA4 are registered service

marks of Dyax Corp.

Clinical implications: Ecallantide represents an important ther-
apeutic option for a previously unmet medical need: the ability
to reduce symptom severity during acute attacks of HAE with a
drug offering ease of administration.
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The derivations of the efficacy analysis and safety analysis
populations are illustrated schematically in Figs E1 and E2, re-
spectively. A total of 72 patients (36 per treatment group) were en-
rolled in EDEMA3-DB, and 96 patients (48 per treatment group)
were enrolled in EDEMA4. There were 25 patients enrolled in
both studies (n 5 14 ecallantide-treated patients and n 5 11
placebo-treated patients).

Patients who participated in both EDEMA3-DB and EDEMA4
and receivedboth placebo and ecallantidewere included in both the
ecallantide-treated and placebo-treated groups. The ecallantide-
treated group consisted of 78 patients who were randomized to
ecallantide (36 in EDEMA3-DB plus 48 in EDEMA4 minus 6
patients who were randomized to ecallantide in both studies and
were counted only once) plus 22 patients randomized to placebo
who received open-label ecallantide as rescue medication (SUAC
dose, Dose B, or both). The placebo-treated group consisted of 81
patients randomized to placebo (36 in EDEMA3-DB plus 48 in
EDEMA4 minus 3 patients who were randomized to placebo in
both studies and were counted only once).



FIG E1. Derivation of the study population for integrated analysis of

efficacy from ecallantide phase 3 studies. *Some patients participated in

both EDEMA3-DB and EDEMA4; because the efficacy analysis was based

only on the first treatment episode, EDEMA4 efficacy results from these pa-

tients were excluded.
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FIG E2. Derivation of the study population for integrated safety analysis

from ecallantide phase 3 studies. Patients enrolled in both studies and

randomized to the same treatment were counted only once, although AEs

from both studies were included here. For placebo-treated patients who

received open-label ecallantide, AEs experienced before ecallantide ad-

ministration counted for placebo; AEs experienced after ecallantide admin-

istration counted for ecallantide.
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TABLE E1. Primary outcome data from the individual studies EDEMA3-DB and EDEMA4

EDEMA3-DBE1 EDEMA4E2

MSCS score Ecallantide (n 5 36) Placebo (n 5 36) P value Ecallantide (n 5 48) Placebo (n 5 48) P value

Change from baseline at 4 h

No. 36 36 47 42

Mean (SD) 20.88 (1.11) 20.51 (0.68) .014� 20.81 (0.63) 20.37 (0.82) .010�
Proportion of patients with change in MSCS score <_20.3 at 4 h

No. 36 36 48 45

No. (%) 27 (75.0) 23 (63.9) .443 33 (68.8) 18 (40.0) .007�
Change from baseline at 24 h

No. 33 33 32 24

Mean (SD) 20.87 (1.14) 20.46 (1.07) .041*� 21.51 (0.63) 21.07 (0.84) .039*

TOS

At 4 h

No. 36 36 47 42

Mean (SD) 46.8 (59.3) 21.3 (69.0) .004* 53.4 (49.7) 8.1 (63.2) .003*

Proportion of patients with TOS >_30 at 4 h

No. 36 36 48 45

No. (%) 26 (72.2) 19 (52.8) .144� 33 (68.8) 14 (31.1) <.001�
At 24 h

No. 33 34 32 24

Mean (SD) 44.3 (70.4) 20.5 (87.9) .007* 88.8 (28.1) 55.1 (58.3) .029*

*P value from Wilcoxon rank sum test blocked by the stratification variables of prior treatment and attack location.

�P value from Fisher exact test.
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