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Abstract

Background: Idiopathic non-histaminergic acquired angioedema (InH-AAE) is a rare disease for which there are no
available laboratory parameters to clearly define the disorder. Therapy is often difficult and various treatment options
have been proposed. In this paper, we have evaluated the most effective therapies for InH-AAE on the basis of current
literature and report the therapeutic effect of omalizumab in three patients with InH-AAE.

Methods: Literature was searched with a combination of MeSH/EMTREE terms and freetext search for angioedema
and therapy/omalizumab in the databases Medline (Ovid), PubMed/Premedline, Embase, Cochrane library and Sco-
pus with no time or language restrictions. In three patients affected by InH-AAE the therapeutic effect of omalizumab
was demonstrated by clinical outcome. In one patient the FceRI receptor density on basophils was monitored under
therapy with omalizumab.

Results: From the review of the current literature, 25 out of 286 publications dealing with relevant therapeutic rec-
ommendations for InH-AAE were analyzed. Six publications with 98 patients referred to tranexamic acid, of which 27
had a complete, 70 a partial and 1 no response. In three case reports ecallantide showed 2 patients with a complete
and 1 a partial response. In four case reports for Icatibant 2 had a complete and 3 a partial response. When evalu-
ated in three reports, C1-INH found complete and partial responses in 2 patients each. One patient had a complete
response to progestin. Omalizumab was described in 6 reports with 20 patients, all of whom showed a complete
response. All three patients described in our study responded to omalizumab with a complete remission. Density of
FceRl receptors on basophils, monitored in patient 1 on a long-term course of 31 months, decreased from 74,051.61
to a minimal level of 1907 receptors per cell.

Conclusions: Omalizumab seems to be the most effective therapy in INH-AAE. The continuous decrease of FceRI-
receptor density on basophils under therapy with omalizumab along with clinical improvement observed in one
patient, could serve as a new approach for further studies to evaluate FceRI-receptor density as a surrogate marker for
therapeutic efficacy and for dosing and determining injection intervals of omalizumab.

Trial registration BASEC-Nr. Reg-2016-00692. Retrospectively registered 24.11.2016.
Keywords: |diopathic angioedema, Mast cell, FceRI-receptor density, Omalizumab

Background vasoactive mediators [1]. Although most often associated
Angioedema (AE) is defined as a localized swelling of  with urticaria, angioedema represents its own entity [2,
the subcutaneous and/or submucosal tissue caused by  3]. According to a recent consensus report, angioedemas
an increase of vascular permeability, which is induced by = without urticaria are classified in three hereditary (HAE),
and four acquired (AAE) forms [4] (Table 1).
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Table 1 Forms of Angioedemas without wheals

Hereditary angioedemas

HAE with C1-inhibitor deficiency (C1-INH_HAE)

HAE with FXII mutations (FXII-HAE)

HAE of unknown origin (U-HAE)

Acquired angioedemas

Idiopathic histaminergic acquired angioedema (IH-AAE)
Idiopathic non-histaminergic acuired angioedema (InH-AAE)

Acquired angioedema related to angiotensin-converting enzyme inhibi-
tor (ACEI-AAE)

Aquired angioedema with C1-inhibitor deficiency (C1-INH-AAE)

Modified from Cicardi et al. [4]

differentiating the two idiopathic acquired forms, Idi-
opathic histaminergic acquired angioedema (IH-AAE)
and Idiopathic non-histaminergic acquired angi-
oedema (InH-AAE) [6]. Diagnosis of IH-AAE is con-
sidered if the angioedema responds to antihistamines.
The lack of response to antihistamines defines InH-
AAE [4,7].

Therapy of InH-AAE is often challenging. This is
reflected by a wide variety of therapeutic options for
InH-AAE, such as high dosages of antihistamines (AH),
icatibant, ecallantide, C1-INH concentrates, glucocorti-
costeroids (GCS), omalizumab, and other agents.

In this study we give an overview of the different and
most effective therapeutic modalities for InH-AAE
according the current literature. We further report the
clinical response of omalizumab in three patients affected
by InH-AAE. In one patient we monitored the FceRI-
receptor density of basophils during therapy over a
period of 31 months.

Methods

The local Ethical Review Board of Zurich assessed the
design of this observational and retrospective study and
offered a waiver (Req-2016-00692). The study strictly
adhered to the principles of good clinical practice and the
ethical standards outlined in the Declaration of Helsinki
[8]. All patients were verbally informed and gave their
written informed consent for this study.

Patients

All three patients suffering from angioedemas for years
were referred to the out-patient clinic of allergy and
clinical immunology. After a detailed allergological and
immunological work up, they were diagnosed as InH-
AAE. Complement factor C4 level, C1 inhibitor level
and C1 inhibitor function were within the normal range.
None of them underwent treatment with ACE inhibitors,
sartans, gliptins or NSAID.
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Comprehensive review of the literature

Literature was searched with a combination of MeSH/
EMTREE terms and freetext search for angioedema and
therapy/omalizumab in the databases Medline (Ovid),
PubMed/Premedline, Embase, Cochrane library and Sco-
pus with no time or language restrictions. The detailed
search protocol is shown in Additional file 1.

FceRl receptor density measurement

Peripheral blood mononuclear cells (PBMCs) were iso-
lated from anticoagulant-treated venous blood by density
gradient centrifugation using Ficoll Paque (Amersham
Pharmacia Biosciences, Uppsala, Sweden). The surface
density of FceRI on donor basophils was determined by
means of DAKO QIFIKIT® (Dako-Cytomation, City,
Denmark): Freshly isolated PBMCs were resuspended
in CellWASH® (BD Bioscience, San Jose, CA, USA) and
stained with primary mouse monoclonal anti-FceRI anti-
bodies (eBioscience, San Diego, CA, USA). Subsequently,
goat anti-mouse fluorescein isothiocyanate (FITC) con-
jugated immunoglobulin F(ab’), fragments were added to
detect bound anti-FceRI (Dako Denmark, 2008, QIFIKIT®
Code K0078). Finally, to identify basophils, staining with
anti-CCR3-PE (BioLegend, San Diego, CA, USA) was per-
formed. The antibody-binding capacity of basophils was
determined by the mean fluorescent intensity measured by
the FACSCanto® (BD Bioscience, San Jose, CA, USA) flow
cytometer using a calibration curve set up with beads of
known antibody concentration from the DAKO QIFIKIT®.

Results

Comprehensive review of the literature

From the 499 retrieved publications 213 were duplicates.
Of the remaining 286 publications, 25 trials, consisting of
case reports, case series and retrospective observational
studies with relevant therapeutic recommendations for
InH-AAE, were selected and analyzed.

Six case reports or retrospective trials describe the
efficacy of tranexamic acid (TA) in InH-AAE. Out of 98
patients, 27 responded completely, 70 partially, and 1
patient showed no response [3, 9-13].

Three case reports showed a complete response in 2
and a partial response in 1 patient treated with ecallan-
tide [14—16]. Therapy with icatibant is described in four
case reports. A complete response was shown in 2, and a
partial response in 3 patients [14, 17-19].

In three case reports with C1-INH 2 patients had a
complete and 2 patients a partial response [14, 19, 20].

In a retrospective study of 50 patients, progestin
decreased the frequency of angioedema attacks in 45
women. Twenty of them were affected by idiopathic AE
and 80% responded with a partial response [21].
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In six reports 20 patients with InH-AAE were treated
with omalizumab. All had a complete response [22-27].

Five Individual reports with 1 patient each were
described for ciclosporin with no response [28], dapsone
[29], fresh frozen plasma [30], rituximab [31] and canna-
bis [32]—all of them with a complete response (Table 2).

Case reports

Patient 1

A 67-year-old white female with a 3-year history of recur-
rent, twice-weekly angioedemas of the lips, tongue and
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larynx. The clinical response of the angioedemas to the
intake of antihistamines (AH) of doses up to three times
higher than that normally recommended was not suffi-
cient. Thus, glococorticosteroids (GCS) on a weekly basis
were often necessary to control the symptoms. Omali-
zumab 150 mg was administered subcutaneously in
4-week intervals. After the first injection of omalizumab,
facial swellings improved markedly. Treatment with AH
and GCS were discontinued after 8 weeks. Omalizumab
was paused after the fourth injection. Eleven weeks after
stopping therapy, facial angioedemas reoccurred (Fig. 1).

Table 2 Comparison of the therapies most often applied in InH-AAE

Reference Number Drug/doses Response: cr/pr/nr
of patients (number of patients)
Medical influence of coagulation and contact activation pathway
Tranexamic acid [9 2 1-4 g per day cr2
[10] 1 NA crl
[11] 15 0.5-3 g per day cr8/pr7
[12] 23 0.5-3 g per day cr12/pri
[13] 19 1-3 g per day cré/pri15
[3] 38 0.5-3 g per day pr37/nr
Ecallantide [15] 1 30 mg (during attacks) crl
[16] 1 30 mg (during attacks) crl
[14] 1 NA pri
|catibant n7n 1 30 mg (during attacks) crl
[18] 1 30 mg (during attacks) crl
[14] 1 NA pri
[19] 2 30 mg (during attack) pr2
C1-INH [14] 1 1000U twice weekly crl
[19] 2 NA pr2
[20] 1 1000U twice weekly crl
Medical influence of the hormonal axis
Progestin [21] 20 Various dosages depending the progestin cr6/pr10/nr4
Medical influence of IgE antibodies and mast cell (Omalizumab)
Omalizumab [46] 3 300 mg every 3-4 weeks; 375 mg every 2 weeks Cr3
[23] 1 300 mg every 4 weeks initially, then reduced to crl
300 mg every 8 weeks
[24] 1 300 mg every 4 weeks crl
[25] 8 300 mg every 4 weeks initially, then reduced to doses  cr8
and intervals according to symptoms
[27] 2 375 mg every 2 weeks initially, then reduced to cr2
375 mg every 4 weeks
[26] 5 300 mg every 2-4 weeks cr5
Other immunosuppressants orimmunomodulatory therapies
Dapsone [29] 1 50 mg per day crl
Ciclosporin [28] 1 300 mg per day nri
FFP [30] 1 4 units crl
Rituximab [31] 1 560 mg (375 mg/m? body surface area) weekly for crl
4 weeks
Cannabis [32] 1 20 g per month, inhaled 2-3x per week crl

cr complete remission, pr partial remission, nr no response, NA not available, FFP fresh frozen plasma
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Omalizumab 150 mg was resumed and the angioedema
disappeared after 1 week. The patient stayed symptom-
free. The interval between injections was stretched to
every 2 months and the patient stayed symptom-free
with only intermittent discrete eyelid swellings.

Patient 2

A 46-year-old white male suffering for 9 years from
weekly recurrent non-itchy angioedemas on the feet, face
and tongue. Due to laryngeal angioedema with airway-
occlusion, emergency treatment was necessary in 2013.
Suggested triggers were mechanical stress, cold, infec-
tions, and NSAIDs. Following a job change with associ-
ated mental pressure, angioedemas were not controllable
with high doses of AH. Treatment with omalizumab was
started, using 300 mg s.c. at monthly intervals. Concomi-
tant AH intake was reduced and finally completely dis-
continued after 2 weeks. After 1 year of treatment, the
dose was reduced to 150 mg and has been given every
month since, without recurrence of symptoms.

Patient 3

A 27-year-old white female suffering for 8 months from
weekly recurrent angioedema of the lips and periorbital
region without pruritus. No trigger factors were noticed.
Since swelling episodes were not controllable with AH
and GCS, doses of 300 mg s.c. of omalizumab were

initiated at intervals of every 4 weeks. After the second
injection no further angioedema episodes occurred.

FceRl-receptor density in patient 1

Density of FceRI receptor on basophils was monitored in
patient 1 (ADR-AC GmbH, Bern, Switzerland). Density
decreased remarkably from 74,051.61 to 10,892.93 rpc
after the second injection of omalizumab 150 mg. After
the 4th injection, after which omalizumab was discontin-
ued, FceRI-receptor density increased up to 21,666.53 rpc
during the 16-week pause. After reintroduction of
omalizumab 150 mg at intervals of 4 to 8 weeks over
31 months, the FceRI-receptor density decreased to a
minimal level of 1,907rpc (see Fig. 2).

Discussion

In 2014 an international working group proposed a clas-
sification of angioedemas without wheals [4]. However,
characterisation and differentiation of InH-AAE remain
difficult and evidence of treatment efficacy is limited to
case reports and uncontrolled small case series. Based
on the literature, a wide range of different therapies are
used for InH-AAE. TA is the most frequently used ther-
apy for Inh-AAE. It inhibits plasminogen activation and
therefore limits FXIIa activation and C1-INH consump-
tion by plasmin. This leads to a decrease of bradykinin
formation [33, 34]. In the trials described, about one
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third of the 98 patients had a complete response to TA
as prophylaxis for InH-AAE [3, 9-13]. Both ecallantide, a
kallikrein receptor antagonist, and C1-INH, a serine pro-
tease with inhibitory activities in the complement system
and the contact-,coagulation-, and fibrinolytic pathways,
reduce the generation of Bradykinin. Ecallantide was
effective in all described patients with Inh-AAE for acute
attacks. C1-INH was effective for acute attacks and was
also valuable for long term prophylaxis [14—16, 19, 20].
Icatibant, a competitive bradykinin B2 receptor antago-
nist, selectively prevents the effect of bradykinin on the
endothelium. Used in acute attacks, it showed a good but
short-lived response in most of the patients. Progestin
modulates endogenous oestrogen and therefore reduces
activation of FXII and the contact activation pathway
which leads to a control of angioedema in HAE patients
with C1-Inh deficiency [35, 36]. Saule et al. [21] reported
favourable experience with progestins to prevent attacks
in any type of non-allergic angioedema. Omalizumab, a
humanized IgG monoclonal antibody directed against
IgE antibodies reduces free IgE levels which results in the
downregulation of FceRI receptors on basophils and mast
cells [37, 38]. Given the current state of knowledge, these
effects prevent IgG autoantibodies from cross-linking
FceRI receptors, cell activation is suppressed, the thresh-
old of mast cell degranulation is increased, and possible
autoreactive IgE antibodies can not longer bind the high

affinity receptor [39, 40]. In the described case reports
and case series all patients diagnosed with Inh-AAE
responded to omalizumab.

With regard to the mode of action of the different
medications against InH AAE, the drug either interacts
with IgE antibodies and influences the mast cells, as does
omalizumab, or it interacts with the coagulation and
contact activation pathway, as do tranexamic acid (TA),
icatibant, ecallantide, C1-INH and progestin (compare
Table 2). This indicates that mast cells and the contact
activation pathway are linked by mediators most probably
secreted by mast cells. As recently discovered, heparin
from activated mast cells induces the contact activation
pathway by FXII [41]. These findings beg the conclu-
sion that activated mast cells not only induce histamine
induced angioedemas by secreting their mediators.

About 40-50% of patients with chronic spontane-
ous urticaria (CSU) have episodes of angioedema and a
part of them show the symptoms of angioedema with-
out wheals. IH-AAE shares a lot of similarities with CSU.
Many patients with CSU remain symptomatic in spite of
antihistamine therapy up to four times the approved dose
[42, 43]. In these patients ciclosporin and omalizumab
are recommended as an addon therapy. When IH-AAE
is associated with CSU responding to antihistamines,
Inh-AAE should be associated with CSU patients not
responding to antihistamines.
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All three patients described in this report had full
remission after the second injection of omalizumab
and remained free of symptoms when omalizumab was
given continuously. This is in line with the described
case reports and series so far, where all patients treated
with omalizumab had a complete response. In patient 1
we were able to document the decrease of receptor den-
sity in correlation with clinical response (Figs. 1, 2). The
follow-up of FceRI-receptor density on basophils over
31 months showed an impressive continuous decrease
of receptor density when omalizumab was regularly
administered and it allowed us to adapt the therapy
individually.

Strength and limitations

In this study a comprehensive overview of the literature
of the different treatments in Inh-AAE could be pro-
vided. However, a deficiency lies in the fact that the effect
of medications interacting with the contact activation
pathway in the same patients who responded to omali-
zumab was not examined. Another downside of the study
is that the long term course of FceRI-receptor density was
demonstrated in one patient only.

Conclusion

InH-AAE shares similarities to patients with CSU which
do not respond to antihistamines. Omalizumab is the
most promising therapeutic approach for prophylaxis in
Inh-AAE. Not only is histamine involved in the forma-
tion of angioedemas, but also other mediators of acti-
vated mast cells which interact with the contact pathway.

As the clinical course corresponds with FceRI-receptor
density [39], this receptor could be evaluated as a bio-
marker to monitor the therapeutic effect and adjust the
dose of omalizumab for long term therapy.

Better knowledge about how and why mast cells are
activated and release their mediators more or less selec-
tively, will enable us to design new and more personal-
ized therapies [44, 45].

Additional file

{ Additional file 1. The detailed search protocol for Medline. }
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