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ABSTRACT

Acquired Cl inhibitor (C1-ÎNH) deficiency exposes patients to angioedema recurrences (acquired angioedema [AAE])
mediated by bradykinin pathway activation. Cl-INH replacement and specific inhibition of plasma kallikrein with ecallantide
have been successful in the treatment of hereditary angioedema (HAE), a more common related disorder. C1-ÎNH replacement
has also been used in the treatment of AAE, but because of the underlying mechanism of rapid catabolism, some patients may
not respond. As part of preclinical investigation of ecallantide, a potent bradykinin pathway inhibitor, we evaluated three AAE
patients treated successfully with that agent. This study was designed to assess ecallantide for treatment of attacks in AAE. Three
patients with AAE were treated a total of 12 times with various dosing regimens of ecallantide based on the protocols established for
the studies using ecallantide in HAE (Evaluation ofDX-88's Effects in Mitigating Angioedema trials). Response to therapy was also
based on outcome measures determined by these protocols. Ecallantide effectively relieved symptoms in three patients with various
manifestations of AAE over 12 acute episodes. Kallikrein inhibition with ecallantide appears effective in the treatment of AAE and
may be an alternative for patients with resistance to Cl-INH replacement therapy.

(AUergy Asthma Proc 34:72-77, 2013; doi: 10.2500/aap.2013.34.3620)

Cl esterase inhibitor (Cl-INH) deficiency is a rare
disorder that most commonly presents as an In-

herited autosomal dominant form (hereditary angio-
edema [HAE]), but an acquired form of this disorder,
known as acquired angioedema (AAE), is even less
recognized.^ Although the prevalence of HAE is - - 1 /
50,000,̂  the prevalence of AAE has never been well
defined. In contrast to HAE, AAE has no genetic pre-
disposition and the onset of symptoms is usually later
in life (fifth decade or later), although clinical presen-
tation for both conditions can be similar.^

The mechanism of Cl-INH depletion in AAE is de-
scribed as an increased catabolism of Cl-INH. This
results in low levels of Clq, further leading to low C2
and C4 complement levels.^ Thus, low Clq levels is a
diagnostic feature that differentiates AAE horn HAE.

With the development of several new pharmaceuti-
cal biologies for the treatment of HAE, one can specu-
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late whether these therapies would be effective for
AAE. Current HAE therapy includes Cl-INH replace-
ment, either for acute attacks^ or for prophylaxis,^ as
well as drugs that inhibit components of the kallikrein
pathway/

Because AAE is associated with an increased catab-
olism of Cl-INH, some patients become refractory to
Cl-INH replacement. This has led to the assumption
that blockade of the kallikrein pathway may be a more
appropriate treatment of acute angioedema attacks in
patients with AAE. We report three patients with AAE
and monoclonal gammopathy of uncertain significance
(MGUS) successfully treated with ecallantide, a potent
inhibitor of plasma kallikrein.

METHODS
Three patients diagnosed with AAE (one patient

from the Urüted States and two patients from Italy)
were treated with ecallantide, a kallikrein irúübitor.
The patients were seen as part of investigational stud-
ies of HAE (Evaluation of DX-88's Effects in Mitigating
Angioedema [EDEMA] trials). Written ir\formed con-
sent and Institutional Review Board approval were at-
tained before enrollment. AU three patients were treated
with either subcutaneous or i.v. ecallantide for recurrent
acute angioedema symptoms and the clinical response
was noted according to the relevant study protocol.

RESULTS

Case 1
A 47-year-old white female with no significant med-

ical history presented with a 7-month history of recur-
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rent abdominal distention and pain lasting 3-5 days
that was relieved with opioids. Her symptoms aver-
aged monthly and were accompanied by nausea and
diarrhea. The patient had nimierous hospitalizations
and extensive workup for these complaints, including
multiple diagnostic paracentèses, radiographie imag-
ing studies, upper gastrointestinal endoscopy, Hver bi-
opsy, and exploratory laparoscopy. She was found to
have Cl-INH level of <3 mg/dL (normal, 11-26 mg/dL),
a functional Cl-INH level of 20% (normal, >68%), C4
of <3 mg/dL (normal, 16-47 mg/dL), undetectable C2
(normal, 1.6-3.5 mg/dL), and undetectable Clq (nor-
mal, 5.0-8.6 mg/dL). Antibodies to Cl-INH were not
assessed. A diagnosis of AAE was made. She also had
an increased serum protein with a monoclonal spike
consistent with MGUS. Eurther evaluation with a bone
marrow biopsy failed to show evidence of myeloma or
plasmacytoma.

As a participant in the EDEMA 3 trial, the patient's
acute angioedema episodes were treated and assessed
based on the study protocol. She initially presented
with her typical acute abdominal attack and was
treated with 30 mg of ecallantide subcutaneously. She
experienced symptom improvement and episode res-
olution within 4-8 hours of administration. She did
not require any additional doses of ecallantide during
this visit. The patient, however, continued to have
similar attacks in the future. Each of the following 10
episodes was treated successfully with a single dose of
ecallantide and no adverse effects were reported. After
the 10th episode, daily danazol prophylaxis was initi-
ated because of increased frequency of angioedema.
Her symptoms have not recurred.

Case 2
A 47-year-old man was diagnosed in 1997 with ac-

quired Cl-INH deficiency by the presence of anti-Cl-
INH autoantibodies (favorable responses for cases 2
and 3 were previously reported by Cicardi et al.^ but
are presented in more detail in this article). He was
later noted to also have MGUS. A bone marrow biopsy
was not pursued. Rather, the M component was mon-
itored and there was no increase noted. Since the time
of AAE diagnosis, the patient had been on tranexamic
acid due to high frequency of recurrent symptoms.
Before this treatment he presented with intermittent
facial angioedemas, which had been treated with Cl-
INH replacement therapy on several occasions, but
with a slow response. Significant resolution was never
noticeable earlier than 6 hours from infusion adminis-
tration. Therefore, the patient was enrolled in the ecal-
lantide investigational study, EDEMAO. On the treat-
ment day, the patient presented with symptoms of
viral pharyngitis without fever. He then developed
edema of the upper lip, which was treated with 80 mg

of i.V. ecallantide. Within 5 minutes of administration,
there was some decrease in the patient's edema, and 3
hours postirvfusion there was noticeable reduction of
the lip swelling. The patient did not require any addi-
tional doses of ecallantide. Over the next 2 days after
treatment, the patient reported mild cheek swelling for
which he was instructed to increase his dose of
tranexamic acid. Eour days after therapy, his symp-
toms resolved and no adverse effects were reported.

Case 3
A 66-year-old man with a history of coronary artery

disease, h3^ertension (treated with losartan), and ac-
quired Cl-INH deficiency diagnosed in 1991, with
demonstrated anti-Cl-INH antibodies and MGUS
(simuar to case 2, no bone marrow biopsy was done)
presented with a 1-day history of angioedema of the
lower lip (favorable responses for cases 2 and 3 were
previously reported by Cicardi et al.^ but are presented
in more detail in this article). He had a well-docu-
mented history of resistance to Cl-INH replacement
therapy; doses up to 12,000 U for a single attack had no
clinical effect and did not result in an increase in plasma
Cl-INH levels. As a participant of the EDEMAO tiial, the
patient was given 80 mg of i.v. ecallantide and within 15
minutes felt improvement in his Hps. Within 2 hours of
administration, there was a significant decrease in
overall edema. Twelve hours after treatment comple-
tion, the patient's angioedema completely disap-
peared. The patient did not require any additional
doses of ecallantide. The following day he reported
some upper lip swelling; but because the episode was
mild, he was started on tranexamic acid. Within 2 days
his symptoms completely resolved and no adverse ef-
fects were reported.

DISCUSSION
AAE is a rare condition. It is characterized by an

increased catabolism of Cl-INH leading to decreased
levels of Cl-INH. Cl-INH deficiency results in an ab-
normal elevation in activated Cl complement, leading
to further activation of the complement cascade as well
as the kallikrein cascade.^ AAE has been associated
with B-cell malignancies as well as MGUS.̂  MGUS
occurs when plasma cells produce an excess amount of
light chains, resulting in high levels of K-light chains
with normal levels of A-light chains.^" Patients with
AAE have been found to have autoantibodies to Cl-
INH, either through a direct effect of the associated
malignancy^ ̂  or possibly through other unidentified

Cl-INH concentrate has been used for both prophy-
laxis and for treatment of HAE. In studies conducted
by Waytes et al, Cl-INH concentrate was shown to be
a safe and effective agent in both preventing HAE
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attacks as well as treating acute episodes of HAE.̂ ^ The
study showed normalization of Cl-INH and C4 levels
post-Cl-INH concentrate administration. There were
also significantly lower daily symptom scores of leg,
laryngeal, genitourinary, and abdominal edema after
the infusion. ̂ ^ Additionally, randomized, double-
blind, placebo-controlled studies have established that
Cl-INH concentrate is both efficacious and safe in the
treatment of acute attacks in HAE.̂ '̂̂ ^

The successful use of Cl-INH concentrate in HAE
has also been established in more recent pubHca-
tions"̂ '̂̂ ®; however, very limited data are available
for its role in AAE. Studies have shown some vari-
ability in the efficacy of this product in patients with
AAE (Table 1).̂ ^"^^ Bork et al, looked at the effect of
Cl-INH concentrate therapy in AAE.^° Their patient
was initially administered 500 U of the Cl-INH con-
centrate for acute lip swelling and abdominal symp-
toms, followed by an additional 500 U for persistent
edema. There was resolution of the angioedema post-
therapy, but the patient required 1000 U of the Cl-INH
concentrate every 5 days for an entire year. Although
in the first few months there was a reduction in both
severity and frequency of symptoms, the patient de-
veloped resistance to this therapy within 10 months of
treatment and was taken off the Cl-INH concentrate
after 12 months.^°

The partial or complete resistance to the Cl-INH
concentrate in AAE patients may be explained by the
biochemical heterogeneity of the autoantibodies or
complement activating factors. This likely results in
variable, albeit increased, Cl-INH catabolism leading
to inconsistent responses in treatment.^^ One addi-
tional study had reported the successful use of Cl-INH
concentrate (1000 U i.v.) in five patients with AAE,
three of which were treated for acute symptoms and
two for prophylaxis. However, the durafion of the
therapy and the follow-up period posttreatment in this
subset were not described.

Attenuated androgens (danazol and stanozolol) en-
hance liver production of Cl-INH and are only used
for prophylaxis from angioedema exacerbations. How-
ever, adverse effects such as acne, hirsutism, hepato-
toxicity, and weight gain limit the use of androgens.^
With long-term use, androgen prophylaxis has been
inadequate in some AAE patients.^^ This is not surpris-
ing because the fundamental defect is not one of Cl-
INH production as it is in HAE.

Other therapies for AAE prophylaxis include the
antifibrinolytic agents, tranexamic acid, and e-amino-
caproic acid. These agents block the lysine-binding
sites on the plasminogen and plasmin molecules pre-
venting them fiom binding to fibrin and thus inhibit-
ing fibrinolysis.^"^ Because patients with AAE are noted
to have persistent activation of this fibrinolytic sys-
tem, agents such as tranexamic acid allow for effec-
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tive counteraction.^^ These agents are well tolerated
and adverse effects are fairly uncommon.^^ How-
ever, nausea and vomiting have been noted from
tranexamic acid '̂̂  and rhabdomyolysis from e-ami-
nocaproic acid.^^"''̂  Although there have been iso-
lated case reports showing an inereased risk of throm-
bosis with the use of antifibrinolyties,^^"^^ there have
not been any double-blind randomized eontrolled elin-
ieal trials that have eonfirmed these findings.

Although drugs such as tranexamic acid and danazol
have been used for prophylaxis only, other therapies
sueh as ieafibant and eeallantide target aeute angio-
edema exacerbations by inhibiting bradykinin along
the kallikrein pathway. The kallikrein system plays a
crifieal role in the pathogenesis of angioedema. Cl-
INH regulates the eonversion of plasma prekallikrein
to kallikrein, and it also faeilitates the conversion of
high molecular weight kininogen to bradykinin. Cl-
INH deficiency leads to increased bradykinin produc-
tion, resulting in increased vascular permeability.^^
The fact that serum bradykinin levels rise substantially
during an acute angioedema episode^® led to the prem-
ise that bradykinin is the primary mediator in causing
angioedema. This was corifirmed by studies using Cl-
INH knockout mice.̂ ^

Icatibant and ecallanfide are now being used to treat
acute HAE attacks. Icatibant is a bradykinin Bj-recep-
tor antagonist that inhibits normal bradykinin func-
tion, resulting in decreased vascular permeability.*"
Several studies have illustrated signifieant improve-
ment of aeute angioedema symptoms in HAE pafients
with the use of ieatibant.* '̂*^ Icatibant, which has been
available in Europe and Brazil, has recently been ap-
proved in the United States.

Ecallantide, the focus of this arfiele, is a reeombinant
pepfide highly speeifie in inhibiting plasma kallikrein.
Kallikrein is neeessary for the formafion of bradykinin
from high moleeular weight kininogen. Blocking bra-
dykinin release halts progression of angioedema by
reversing the enhanced vascular permeability assoei-
ated with Cl-INH defieieney.

Multiple prospeetive studies have shown the use
of eeallantide in HAE patients. These inelude three
phase II trials (EDEMAO-2) and one phase III trial
(EDEMA 3).*^ EDEMAO was an open-label study
eondueted in Europe involving nine HAE patients
whose aeute angioedema attaeks were treated with
esealating doses of i.v. eeallantide (20, 40, and 80
mg). Initial symptom improvement oeeurred be-
tween 0.4 and 4 hours with eomplete resolution be-
tween 2 and 72 hours posttherapy.**'*^

EDEMAl was a double-blind plaeebo-eontroUed sin-
gle-dose study in whieh 49 pafients with HAE were
treated with esealating doses of i.v. eeallanfide (5, 10,
20, and 40 mg). Signifieant symptom improvement was
noted within 4 hours posttreatment. A greater re-

sponse was noted in the eeallanfide group compared
with placebo (72.5% versus 25%, respecfively), with a
value oip = 0.017.*̂ '*̂

EDEMA2 was an open-label multiple-dose study
that used both i.v. and subcutaneous ecallantide to
treat acute HAE attacks in 240 HAE pafients. The initial
study was based on both i.v. (5, 10, and 20 mg) and
subcutaneous dosing (30 mg); however, all of the pa-
fients were switehed to the subeutaneous protoeol after
the trial was started. This was because of the compa-
rable efficacy between i.v. and subcutaneous dosing
reported in phase I trial studies.*®'*^ Each pafient was
eligible to reeeive a maximum of two treatments per
aeute attaek (up to 20 attaeks). Onset of symptom im-
provement was noted within 4 hours post-ecallanfide
administrafion.^°

EDEMA3 was a mulficenter double-blind random-
ized placebo-controlled trial involving 72 patients with
HAE. The acute attaeks were treated with subeutane-
ous eeallanfide at a dose of 30 mg. The primary end
point was the treatment outeome seore at 4 hours
after eeallantide administrafion. The study also looked
at the ehange in mean symptom eomplex severity
(MSCS) seore ^̂  at 4 hours as a seeondary end point. It
was eoneluded that both seores were signifieantly bet-
ter with eeallanfide when eompared with plaeebo.^^

Eeallanfide was well tolerated by parficipants of the
EDEMA trials. The adverse effects were mainly nüld in
nature and included headache, nasal congestion, diar-
rhea, and rhinitis to name a few.̂ '̂̂ ^ Although uncom-
mon, anaphylaxis with the use of ecallanfide has been
reported.^*

Ecallanfide was considered as treatment for angio-
edema in AAE because its mechanism of action is
imrelated to the presence of Cl-INH anfibodies or
Cl-INH levels. Cl-INH replacement therapy may not
be a favorable option in refractory AAE pafient, and
other alternate therapies should be considered. This
case series is the first to describe the use of ecallanfide
in treating acute AAE episodes. All three pafients in
our case series achieved symptom resolution within
hours of ecallanfide administrafion. The drug was tol-
erated without serious adverse events. As of the date
this arfiele was written, all three pafients are doing
well.

In summary, eeallanfide may be advantageous in the
treatment of aeute attaeks of AAE and should be eon-
sidered as a first- or second-line agent. The paucity of
AAE would make randomized control trials compar-
ing Cl-INH and ecallanfide or icafibant difficult to
conduct. In the United States, testing for presence of
anfi-Cl-INH anfibodies in AAE pafients is not avail-
able and represents another obstacle. Addifional stud-
ies involving AAE pafients would help distinguish
which patients would benefit by the different forms of
therapies.
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