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Preface

The 10th Cl-inhibitor deficiency workshop will be held between 18
and 21 May 2017 in Budapest (2017.haenetworkshop.hu), among
the picturesque surroundings of Margaret Island. As indicated by the
name of this event, most of the interest focused on angioedema due
to Cl-inhibitor deficiency in 1999, when it was first organized. The
name is unchanged, but the range of angioedemas has expanded
since to include all known varieties of hereditary and acquired angi-
oedemas with a bradykinin-mediated pathomechanism. Looking back
to the agenda of this biennial conference, many questions remained
unanswered and new issues have arisen despite the enormous scien-
tific progress made.

On this occasion, 318 participants have registered from 42 countries—
this is the greatest attendance in the history of the Workshop since the
start of the series. Eighty-six presentations have been submitted for
this 4-day long scientific forum. The scientific program sounds inter-
esting—it comprises novel achievements by leading scientific teams
in basic research into bradykinin-mediated angioedema, the new
findings of diagnostics and genetics, promising therapeutic solutions
awaiting introduction, and the experience accumulated with the lat-
est therapeutic procedures. Several presentations discuss the efforts
related to improving the patients’ quality of life. This time, we have
invited five prominent experts—namely, Avin ScHmaier (Cleveland, OH,
USA), Marco Cicarol (Milan, Italy), Avner Rester (Tel-Hashomer, Israel),
Dumitru MoLpovan (Tirgu-Mures, Romania) and Attita Mocsal (Budapest,
Hungary). Awin Scimaier will show us that our knowledge about the
underlying mechanisms of bradykinin-mediated angioedemas is still
limited—this may be remedied by extending our interest to other
forms of angioedema with different pathophysiological backgrounds.
Marco Cicarol will expose the similarities and the differences between
bradykinin-mediated edema formation, and the idiopathic systemic
capillary leak syndrome. Avner ResHer will explore a similar issue in his
presentation titled ‘Angioedema-Histamine or Bradykinin?. The lec-
ture on neutrophil granulocytes by Attita Mocsal will take us closer to
understanding the pathomechanism of angioedema. The agenda also
contains the traditional roundtable session, an opportunity to develop
consensus and international guidelines—this year, genetics will be
in the limelight. In this session, the keynote lectures will be read by
MaRrGARITA-LoPEz TrAscAsa (Madrid, Spain) on the extended diagnostic
approach integrating serological and genetic methodology; by Ana-
sTasios GERMENIS (Larissa, Greece) on the latest techniques for studying
the SERPING1 gene; and by Nancy Brown (Nashville, TN, USA) on the
pharmacogenetics of angiotensin-converting enzyme inhibitor-asso-
ciated angioedema. Notwithstanding the remarkable progress made
in South-America and in the former Soviet-bloc countries of Europe,
state-of-the-art diagnostic and therapeutic modalities are still not
available in many regions of the World. Dumitru MoLpovan will review
the stages along the way to making these accessible, and the experi-
ence accumulated in the effort to achieve high levels of patient care.
The conference will be attended both by researchers and by clini-
cians—medical professionals and nurses, by the representatives
of patient organizations, and by pharmaceutical industry experts
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involved in drug development, in order to assist the efforts of each
other through joint thinking. Within the framework of this fruitful
cooperation, the pharmaceutical companies also lent financial sup-
port to the conference—in addition to their scientific contribution.
The travel grants, make it possible for an increasing number of profes-
sionals involved in the research or the management of patients with
angioedema to attend the Workshop.

The generous support by our Sponsors enabled us again to present
the “For HAE Patients” award, as well as the “Grant for Young Investiga-
tors". The major donors to this event are CSL Behring and Shire. Pharm-
ing Group NV, Swedish Orphan Biovitrum, BioCryst Phamaceuticals,
KininX SAS also contributed the sponsorship of the Workshop. On
occasion of this tenth, jubilee event, the “For HAE Patients” award goes
to Bruce Zuraw (San Diego, USA), who will present his lecture ‘Let the
Treatment Fit the Disease’ on the festive session of the scientific section
on Day 1. His achievements in bettering the management of patients
will be recalled by Antony CasTaLpo, the chair of the International Patient
Organization for C1 Inhibitor Deficiencies. The concluding event of the
conference will be the awarding of the ‘Grant for Young Investigators’ to
the top four young presenters.

The support referred to above made it possible to publish the submit-
ted abstracts of the Workshop in the journal Allergy, Asthma, and Clini-
cal Immunology, in order to make them available to an even broader
range of professionals interested in this subject.

Invited lectures
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C1 inhibitor—where we came from to where we are going

Alvin H. Schmaier

Case Western Reserve University, University Hospitals Cleveland Medical
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C1 inhibitor (C1INH) is a SERPIN, serine protease inhibitor, which is the
major regulator of activated forms of factor X, the first component of
complement, and accounts for 50% of plasma kallikrein inhibition. It
is also regulates factor Xla, although clinically is not as important as
alpha-1-antitrypsin and antithrombin. As a SERPIN, C1INH is regulated
by negatively charged surfaces. Factor Xlla is protected from C1INH
by artificial negatively charged surfaces, but biologic surfaces such as
polyphates potentiate C1INH inhibition of activated C1 s. In addition to
being a plasma protein made in the liver, it is present in platelets and
endothelial cells. The role of C1INH in these cells of the intravascular
compartment is not completely known. How C1INH is regulated also is
not completely known. Gamma interferon up-regulates C1INH hepatic
mRNA and protein and patients treated with gamma interferon have
higher levels of C1INH. All forms of hereditary angioedema (HAE) are
due to reduced C1INH. Type 1 HAE is a true deficiency of C1INH and
Type 2 HAE is an abnormal functioning C1INH. Type 3 HAE is C1INH
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deficiency due to its consumption from a constitutively activated
form of factor XIl. A consumptive form of acquired C1NH may occur
due to anti-idiotype antibody with C1 activation and secondary C1INH
consumption and angioedema. In acute attacks of HAE, prekallikrein
(PK) is activated to plasma kallikrein that is in-part inhibited by com-
plexes with alpha-2-macroglobulin. Both plasma PK and high molecu-
lar weight kininogen (HK) are consumed in acute attacks of HAE. The
absence of C1INH is associated with cleavage plasma kallikrein cleav-
age of HK. Since cleaved HK is cleared in about 10 h, it becomes a
reliable test for determination of activated states of plasma kallikrein
resulting from C1INH deficiency. The final common pathway for angi-
oedema in HAE is bradykinin delivery to tissues. Intravascular factor Xl
and PK each account for about 50% of the constitutive plasma level
of bradykinin. Although therapies for HAE are directed towards many
manifestations of the disorder, inhibitors of bradykinin receptor acti-
vation, plasma kallikein inhibition, suppression of plasma factor XII or
PK, and C1INH replacement, no therapy is directed towards underlying
mechanism for initiation of the disorder. In fact, the basic mechanism
for initiation of plasma kallikrein activation in acute attacks of HAE still
is as yet unknown. Most assume that it is associated with contact acti-
vation and factor Xlla formation with secondary plasma PK activation.
Yet classic contact activation disorders such as surface activation on
artificial medical surfaces or gram negative sepsis are conditions not
associated with angioedema. Accordingly acute attacks of HAE are not
associated with thrombin formation to any great extent and throm-
bosis. Thus other alternatives for the initiation of this disorder need
consideration. Only until we fully understand the pathogenesis of
common and variant forms of this disease will we be able to institute
complete and definitive therapy for these deficiency states.
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Angioedema and idiopathic systemic capillary leak syndrome
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Edema is typical feature of inflammatory reactions and of changes in
hydrostatic and oncotic forces that modify Starling equation. A third
form of edema is due to primary modification of vessels’ permeability
upon specific stimulus and not in response to other pathologic events.
This condition realizes locally in angioedema and systemically in idi-
opathic systemic capillary leak syndrome (ISCLS). Both conditions can
be spontaneously recurring, both suddenly revert to normal without
healing period, both spare pulmonary circulation. Pathologic con-
sequences exclusively depend on fluid extravasation: local tumor in
angioedema, hypovolemic shock in ISCLS. Identified mechanisms
of angioedema comprehend mast cells’ degranulation, kallikrein
dependent bradykinin generation, kallikrein independent bradykinin
accumulation. The etiopathogenesis of ISCLS is unexplained. Angi-
oedema diagnosis first rely on the clinical features of edema that can
localize to skin, gastrointestinal and upper airway mucosa. Biochemi-
cal (C1 inhibitor and C4 measurements) and genetic (F12 genotyping)
testing refine diagnosis. ISCLS is diagnosed on clinical criteria of recur-
rent hypovolemic shock with profound hypoproteinemia in absence
of an obvious cause. Most patients with ISCLS present a monoclonal
(IgG) gammopathy of uncertain significance. Both conditions can be
lethal and attacks highly distressing and disabling. Upon resolution,
angioedema leaves no permanent damages. Long-term complications
of acute episodes in ISCLS are peripheral nerve palsy, chronic renal fail-
ure and stroke. Corticosteroids and epinephrine are indicated for acute
mast cells dependent angioedema, while recurrences are prevented
by high dose antihistamine. Initial reports suggest omalizumab to
be effective in preventing antihistamine-resistant mast cells depend-
ent angioedema. Several treatments replacing C1-INH, antagoniz-
ing kallikrein and blocking bradykinin receptor 2 are effective for on
demand and/or prophylactic treatment of angioedema due to C1-INH
deficiency. Other non-mast cells dependent angioedema are still with-
out approved therapy. Scattered reports suggest potential efficacy of
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tranexamic acid in prophylaxis, efficacy of on demand bradykinin/kal-
likrein targeted drugs is still controversial.
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Angioedema-histamine or bradykinin?
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The underlying physiology of angioedema (AE) involves swelling of the
skin or submucosal surfaces, caused by leakage of plasma into the tis-
sues, owing to increased vascular endothelial hyperpermeability. This is
the final common pathway of all AE syndromes, which should be dif-
ferentiated from edema formation due to increased hydrostatic venous
pressure, reduced oncotic pressure or decreased lymphatic drainage.
At the vascular level, endothelial integrity is maintained by adherens
junctions, consisting of homotypic dimers of VE-cadherin bridges that
allow normal paracellular transport of solutes. These bridges are sta-
bilized and protected by adjacent catenin molecules. Two chemical
mediators: histamine (H) and bradykinin (BK) are playing a central role
in most AE syndromes. Both can induce phosphorylation of adher-
ens junctions, and catenin-mediated coupling of VE-cadherins with
cytoskeletal actomyosin, resulting in opening of cell-cell junctions.
This process was shown to be activated in hereditary AE by signalling
through BK receptors (BKRB 1&2).

AE syndromes are clinically heterogeneous and therefore present a
considerable diagnostic challenge. Urticaria is characterized by the
appearance of wheals which involves superficial cutaneous layers,
surrounded by a reflex erythema and associated with intense pruri-
tus. Angioedema (hereditary and acquired) involves the deep dermis,
subcutaneous tissue and mucous membranes, and is associated with
circumscribed swelling and dull pain. Both conditions are chronic/
relapsing, with attacks and remissions. Interestingly, attacks mediated
by BK are often preceded by premonitory signs and symptoms (pro-
dromes), but not H-mediated AE.

Despite the apparent dichotomy between these two entities, there
is recent evidence for a possible interaction between H-mediated AE
and BK-mediated AE syndromes. Rarely, C1-INH deficient patients may
present with prodromal pruritic rash that may evolve into a typical
edematous HAE attack, and there are few reports of urticaria in HAE
patients. Conversely, BK is involved in allergic reactions. In experimen-
tal shock/edema induced by insect stings increased FXlla-C1-INH and
kallikrein-C1-INH complexes were demonstrated, and total plasma
high-molecular kininogens (HK) were cleaved within minutes. Cleav-
age of HK plasma pools was also demonstrated in patients with food-
induced anaphylaxis and mast cell (MC)-derived tryptase can induce
vascular permeability by releasing BK. Additionally, IgE-mediated
anaphylaxis was blocked in FXII-deficient, BKB2R knock-out and HK/
PreKallikrein-deficient mice. Recently, ablation of FXII, BKRB2 recep-
tors and depletion of C1-INH protected mice from activated MC hepa-
rin induced vascular leakage. Additionally, negatively charged heparin
from activated MC was shown to induce excessive vascular leakage in
C1-INH deficient mice, and to trigger FXIl auto-activation, while pre-
treatment with BKB2R antagonist (icatibant) inhibit vascular hyperper-
meability and hypotension.

In summary, both H and BK are attributable to vascular endothelial
hyperpermeability in AE syndromes. Recent data indicate that there
might be a ‘cross-talk’ between MC-mediated ‘allergic’ events, and acti-
vation of BK-generating contact cascade.

1-4

Emergent nations of Eastern Europe and hereditary angioedema.
A case report
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After the Second World War Eastern Europe was left to the Communist
USSR zone, which resulted in a widening gap between East and West.
It was only in 1989 when a new era began in this part of the world.
Romania (as well as other former communist countries) was going to
join EU and NATO. The West-East exchange programs and freedom of
travel greatly improved the condition of Romanian physicians. It was in
2005 when | was invited the first time to join a C1-inhibitor workshop
in Budapest. Despite the big post-communist handicaps of the Roma-
nian health system | decided to dedicate the next few years to devel-
oping an HAE comprehensive program in my country. Surrounded by
a handful of enthusiastic colleagues, | started to look for sporadic cases
in some personal databases of colleagues from immunology labs, and
also asked for the addresses of those with low C1 inhibitor results.
Since 2005 we have organized workshops related to the annual con-
ferences of the Romanian Society of Allergology and Clinical Immu-
nology and later meetings centered on HAE only. From the beginning
the support of HAE experts from Europe and later from Israel and USA
was significant. In these past 12 years, we have made presentations at
the conferences of the national meetings of paediatrics, dermatology,
internal medicine, emergency medicine and published papers in order
to increase the awareness about this life-threatening disease. In the
past 10 years, we have participated in 12 multicentre clinical trials. In
2006 we founded the Romanian Network for Hereditary Angioedema,
a professional non-profit organization who allowed us to have our
own website, to develop a Romanian HAE guideline and to put
together a national registry of HAE patients, which currently includes
99 patients. With our support, the Association of the Romanian HAE
patients was founded in 2012. Until 2013 no modern treatments were
available. Recombinant C1-inhibitor and a C1-inhibitor concentrate
were offered in ED in a small amount from 2015 and it was promised
that the B2 receptor antagonist (icatibant) will be reimbursed through
a national program that will start soon. Hopefully, the quality of life
of these patients will improve considerably. There is still a lot to do to
raise the awareness and expand the education of both physicians and
patients about this disorder; however, our aim is above all to address
the challenge of finding an estimated 250 patients that are missing
from our database.
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Neutrophils and neutrophil signaling in inflammation
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Neutrophils are double-edged swords playing a critical role in innate
immune defense but also contributing to tissue damage during exces-
sive inflammation. Their exact role in those processes and the molecu-
lar details of their function are still poorly understood. We and others
have recently shown that neutrophils are critically involved in various
in vivo models of innate immunity and inflammation in experimental
mice. Neutrophils are also able to release a number of pro-inflamma-
tory mediators including chemokines, cytokines and lipid mediators
such as LTB4. Many of the mediators released by neutrophils promote
the recruitment or activation of other neutrophils, therefore establish-
ing positive feedback amplification loops during neutrophil-medi-
ated inflammation. Immunoreceptor-induced neutrophil responses
required receptor-proximal Src-family kinases, Syk and PLCy2 which
were also critical for neutrophil-mediated in vivo inflammatory reac-
tions. Those molecules were involved in the release of proinflamma-
tory mediators from neutrophils but not in the intrinsic ability of the
cells to migrate to the site of inflammation. Interestingly, the down-
stream gene expression regulator CARD9 was required for the release
of chemokines and cytokines but not for LTB4 release or other classi-
cal neutrophil responses, providing a unique opportunity to test the
in vivo role of neutrophil gene expression changes and neutrophil-
derived chemokines/cytokines. Neutrophil-specific deletion of CARD9
attenuated various different in vivo inflammation models, providing
the first direct evidence for the role of neutrophil gene expression
changes during an in vivo inflammatory reaction.
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Molecular analysis of SERPING1 gene: to whom, when and how?
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Hereditary angioedema due to C1 inhibitor deficiency (HAE-C1INH)
can be diagnosed by two specific complement parameters: C4 levels
and C1 inhibitor function. In patients with a family history, these meas-
urements are generally sufficient to establish or discard the presence
of the disease.

As a general rule, genetic studies represent an additional tool for
reaching a conclusive diagnosis; especially in three situations which
are relatively common in HAE-C1INH diagnosis: de novo cases, rela-
tives of affected patients without clear evidences of HAE symptoms
and those samples with inconclusive results following complement
testing.

Nowadays, mutational studies are easier and cheaper. In addition to
traditional Sanger sequencing, the development of integrated analy-
sis platforms including RT-PCR (splicing mutations), RT-gPCR (RNA
expression studies), MLPA and XL-PCR (large insertions/deletions)
allows a complete, rapid and efficient identification of most of the
disease-causing mutations. In our lab, these techniques are paralleled
by the study of complement levels and function and integrated as a
trademark (Complementest®).

We systematically perform a full HAE-C1INH study to every new
patient referred due to suspicion of the disease. Upon compatible C4
levels and C1Inh function, we first attempt to characterize the muta-
tion in the propositus and then to establish segregation of the muta-
tion in their first degree relatives. In the case of newborns with an
affected parent, a simple Sanger sequencing of the altered exon is
enough for a straightforward diagnosis of point mutations.

When HAE is not associated with C1 inhibitor dysfunction or low C4
levels, HAE with normal C1 inhibitor (HAE-nC1INH) should be consid-
ered. In such cases, mutations in the ninth exon of coagulation F12 are
present in less than 40% of cases, so that the clinical presentation, lack
of response to allergic treatments and familial history should all be
considered in support of a HAE diagnosis.

In addition to that, and although acquired angioedema with con-
served C1q levels is very unusual and presents different features,
genetic studies can unambiguously discriminate hereditary and
acquired situations.
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Whereas hereditary angioedema results from increased production of
kinins, angiotensin-converting enzyme (ACE) inhibitor-associated angi-
oedema results from decreased degradation of bradykinin and other
vasoactive substrates of ACE such as substance P. Candidate gene stud-
ies have examined the association between functional variants in genes
encoding for enzymes involved in the degradation of bradykinin and
other peptides and ACE inhibitor-associated angioedema. For example,
aminopeptidase P (APP) degrades bradykinin when ACE is inhibited.
A single nucleotide polymorphism (SNP) in the gene encoding mem-
brane APP (XPNPEP2, —2399C>A or rs3788853) has been associated
with decreased plasma APP activity and angioedema in families with
anaphylactoid reactions during hemodialysis and/or angioedema dur-
ing ACE inhibitor use [1]. Membrane APP is encoded for by an X-linked
gene, however, and ACE inhibitor-associated angioedema is more
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common in women than in men. We have found that the —2399A allele
is associated with decreased plasma APP activity in men and women,
but that the variant allele is associated with ACE inhibitor-associated
angioedema only in men [2]. Neprilysin also degrades bradykinin and
substance P. Our group has observed an association between a poly-
morphism in the gene encoding neprilysin (MME) and ACE inhibitor-
associated angioedema of African American ancestry in a case-control
study in Tennessee as well as in the Ongoing Telmisartan Alone and in
Combination with Ramipril Global Endpoint Trial (ONTARGET) study [3].
In a genome-wide association study in 175 individuals with ACE inhib-
itor-associated angioedema and 489 ACE inhibitor-exposed controls
without angioedema from Nashville (Tennessee) and Marshfield (Wis-
consin), we found no associations of genome-wide significance [3]. Of
the SNPs that were associated modestly with ACE inhibitor-associated
angioedema in Nashville/Marshfield analysis, two were also signifi-
cantly associated with ACE inhibitor-associated angioedema (rs500766
and rs2724635) in ONTARGET cases versus controls. Rs500766 is a
polymorphism in the gene encoding for protein kinase C 8 (PRKCQ).
In both the Nashville/Marshfield sample and in ONTARGET, the T allele
was significantly associated with a reduced risk of ACE inhibitor-asso-
ciated angioedema. Rs2724635 is a polymorphism in ETS variant gene
6 (ETV®6), also known as TEL (or translocation ets leukemia), and the G
allele was associated with an increased risk of ACE inhibitor-associated
angioedema in both African Americans in the Nashville/Marshfield
sample and in the ONTARGET sample. Both of these genes are involved
in immune regulation and their association with ACE inhibitor-associ-
ated angioedema is intriguing as the risk of ACE inhibitor-associated
angioedema is increased in patients with seasonal allergies and with
immunosuppressant use [4, 5].
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With every passing day, genotyping of subjects who may suffer from
hereditary angioedema becomes more indispensable in the clinical
practice. However, the pronounced allelic heterogeneity of SERPING1
gene as well as the fact that approximately 20-25% of all unrelated
patients with hereditary angioedema due to Cl-inhibitor deficiency
(C1-INH-HAE) represent sporadic cases carrying de novo SERPINGT
mutations with the same mutational spectrum as the familial ones,
makes SERPINGT a prime example of mutagenic lability. Over 450
different SERPINGT mutations related with C1-INH-HAE have been
detected up to now, scattered over all exons and exon/intron bounda-
ries of the gene. The majority of C1-INH-HAE-related SERPINGT muta-
tions are missense mutations (34%) followed by frameshift alterations
and small indels (31%), large gene rearrangements (17%), splice-site

Page 4 of 36

defects (10%), nonsense mutations (7%), and regulatory mutations
(1%). Currently, the molecular analysis of SERPINGT initiates with the
prioritized amplification of all exons and the exon/intron boundaries
by PCR and the detection of mutations by direct sequencing. If no
mutation were found, further analysis for the identification of large
gene rearrangements is taking place, usually performed by two dif-
ferent techniques, namely the long-range PCR and the multiplex
ligation-dependent probe amplification (MLPA). This cumbersome
and time-consuming approach is fraught with pitfalls as it is highly
dependent on the users’ experience and knowledge. Sometimes, for
example, a not yet reported missense mutation could be considered
as the causal genetic defect because its detection during the early
steps of the analysis has prevented the discovery of an indel leading to
premature truncation of protein synthesis. Moreover, recently recog-
nized damaging intronic alterations located in the exon/intron bound-
aries—and not only—may escape the conventional approach, as they
require the design of specific primers. On the other hand, however,
modern genotyping methods, like the next-generation sequencing
(NGS), present many advantages towards a more meticulous SERP-
INGT analysis. Therefore, the increasingly frequent use of genotyping
angioedema patients in the clinical practice and research imposes the
standardization of the methods and workflows in use for SERPINGT
analysis. Special attention should be paid in regard with the interpre-
tation of the detected sequence variants according to the recently
developed recommendations.

Oral presentations
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Background: Bradykinin (BK) plays an important role on blood pres-
sure control, nociception, inflammation and has also been associated
with the pathophysiology of Hereditary Angioedema (HAE). The main
clinical aspects of HAE are mediated by BK, which exerts its actions
by B, receptor’s (B2R) activation, a member of the G protein coupled
receptor (GPCR) family. The aim of the present work was to evaluate
whether two B2R mutations found in HAE patients could alter the BK
signal transduction pharmacological profile, therefore accounting rel-
evant consequences for the disease’s pathophysiology.

Materials and methods: We used G-protein and -arrestins biosen-
sors constructs to perform BRET analyses and assess functional pro-
files of mutated B2R. All experiments were carried out in HEK293T cells
transiently transfected either with the human wild-type or mutants
B2R. Competition binding assays using radiolabeled BK (*H-BK) were
performed in order to estimate BK affinity for mutant receptors. BRET
assays to assess G-protein activation and B-arrestin1 and 2 recruitment
were performed using an adapted method from that described by
Quoyer et al. [1].

Results: Competition binding assays show that BK maintains a similar
high affinity to the mutant receptors #1 and #2 (0.35 and 0.46 nM, respec-
tively), when compared to wild-type receptor (0.39 nM). In functional
analyses, BK triggered G-protein coupling with similar potencies in the
wild-type and mutant receptors. On the other hand, BK could not trigger
{-arrestin recruitment when binding to mutant receptors, whereas bind-
ing to wild-type receptor a clear dose-response curve for B-arrestin 1 and
2 recruitment was observed (potency of 32 and 16 nM, respectively).
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Conclusions: These findings provide strong evidence for a G protein
biased agonism profile [2] of endogenous BK when activating B2R
mutants identified in patients having HAE. We believe the present data
contributes to unveiling the molecular mechanisms involved in HAE
and therefore sheds light to future approaches for treatment of this
disease.
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Background: Few anti-bradykinin (BK) B, and B, receptor (B;R, B,R)
antibodies are validated, especially for work in intact cells. Since kinins
bind their receptor through their C-terminal region and that their
N-terminal region is close to the extracellular fluid, fusion protein of
the type H,N-Protein-Spacer-Agonist-COOH were generated and evalu-
ated for the detection of each receptor type. We recently reported
the fusion of the enhanced green fluorescent protein (EGFP) to the
C-terminal of each spacer-agonist module (the amphibian sequence
maximakinin (MK) for B,Rs, (Asn-GIy)n-Lys-des-Argg-BK for B;Rs,n =5
or 15), yielded bright imaging tools of nanomolar potency that do not
bind to peptidases. The specificity and design of ligand fusion proteins
was further explored.

Methods: Using various molecular biology techniques, vectors encod-
ing for different fusion proteins were generated. These vectors were
then expressed in producers cells which were ultimately lysed to
extract the fusion proteins. The cell lysate was cleared of cellular debris
and used on recipient cells.

Results: Further studies showed that MK (the 19-mer DLPKINRKG-
PRPPGFSPFR possessing the BK sequence at its C-terminus) is largely
a species-specific spacer-agonist module that does not bind well to
human B,Rs, but supports the detection of rat and rabbit B,Rs. More-
over, the B,R putative agonist (Asn-Gly);-BK has very little affinity for
either human or rat B,Rs, proving that each spacer-agonist module has
a critical structure-activity relationship for each receptor subtype. The
fusion of the engineered soybean peroxidase APEX2 to appropriate
spacer-agonist modules led to BK receptors ligands compatible with
widely available luminescent or imaging peroxidase co-substrates
and supported the detection of physiological levels of BK receptors.
APEX2-(Asn-GIy)n-Lys-des—Argg-BK constructions (n = 15, 30, 45 or 60)
all bind human B;Rs. APEX2-(Asn-Gly),s-MK was developed as a B,R
ligand and supports the detection of rat B,Rs in a specific manner. The
fusion protein human serum albumin-MK did not bind B,Rs, showing
that some proteins are incompatible with this strategy, possibly due
to steric hindrance between the fused protein and the receptor. Other
functional proteins, such as -galactosidase and the Fc region of IgG,
are being investigated for the generation of BK receptor ligands.
Conclusions: The fusion proteins of the type H,N-Protein-Spacer-Ago-
nist-COOH represent the basis for the generation of better tools for the
detection of BK receptors in intact cells. Such probes could have diag-
nostic applications and support physiological and pathological inves-
tigations especially in HAE.
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Background: Multiple pathways have been proposed to generate
bradykinin (BK)-related peptides from blood, including some depend-
ent of secretory products from neutrophils or platelets. We applied
various forms of activation to fresh blood obtained from healthy sub-
jects to compare kinin formation with reference to mechanisms, kinin
concentrations, time course and validation of biological activity at
both BK receptor subtypes.

Materials and methods: An enzyme immunoassay for BK (Phoenix
Pharmaceuticals) was applied to reconstituted extracts of citrated
blood incubated at 37 °C under gentle agitation for 0-2 h in the pres-
ence of activators and/or inhibitory drugs. Validation of the presence
of biologically active kinin is necessary because the immunoassay is
reactive with a limited BK C-terminal sequence only. The applied bio-
assays were the contractility of the human umbilical vein and signal-
ing (c-Fos accumulation) in HEK 293a cells that express recombinant
human B, or B, receptors (B,R, B;R).

Results: The ACE inhibitor enalaprilat did not induce immunoreactive
BK (iBK) formation in human blood, but considerably potentiated the
effect of the stimuli that were effective. Rapidly (5 min) and intensely
(>200 ng/ml iBK) acting stimulants were recombinant tissue kallikrein
(KLK-1) and Kontact-APTT, a particulate material that recruits the con-
tact system. Corresponding extracts contracted the umbilical vein via
the BK B,R and stimulated recombinant B,Rs; B;Rs were also stimu-
lated by KLK-1-treated blood extracts. Recombinant tissue plasmino-
gen activator was a slowly (>1 h) acting stimulus inhibited by corn
trypsin inhibitor and PKSI-527. Stimulating neutrophil secretion using
cytochalasin B + f-Met-Leu-Phe or NETosis with interleukin-8 did not
generate iBK. ADP (>50 uM) was also inactive in this respect, even if
the blood was submitted to shear stress in an aggregometer.
Conclusions: Comparing the proposed kinin generation pathways
in whole normal blood, where endogenous inhibitors abound, put
some of them in perspective, e.g. lack of effect of secreted neutrophil
PR3 and of platelet activation, indirect and slow effect of fibrinolysis
via the contact system. Both KLK-1 and the contact system ultimately
recruit kinin receptors. Whether atypical kinin formation/potentiation
participate to hereditary or acquired/sporadic angioedema attacks is
plausible.
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Grant from Shire International GmbH. We thank Ms. J. Bouthillier for
technical help.
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Background: Hereditary angioedema resulting from the deficiency
of C1 inhibitor (C1-INH-HAE) is characterized by increased endothe-
lial permeability. Mannan-binding lectin-associated serine protease-1
(MASP-1)—one of the enzymes blocked by C1-inhibitor—is the key
serine protease of complement lectin pathway. We previously showed
that (1) MASP-1 can activate endothelial cells via protease activated
receptor (PAR) cleavage and (2) endothelial cells become activated
during C1-INH-HAE attacks. These findings led us to ask whether
MASP-1 can increase endothelial permeability and thus take part
in the triggering of edematous attacks. To answer this question it
was necessary to develop a new and simple permeability test. Using
human umbilical vein endothelial cell (HUVEC) culture as an in vitro
model we also aimed to explore the mechanisms by which MASP-1
exerts its cellular effects.

Results: We have successfully optimized a new, simple, high-through-
put and cheap method for permeability measurements, which is
based on the reaction of biotinylated gelatin and a streptavidin-con-
jugated fluorescent dye.

In this test, MASP-1 could significantly and dose-dependently increase
endothelial permeability 20 min after treatment. This effect was com-
pletely blocked by C1-inhibitor and a highly specific artificial MASP-1
inhibitor, SGMI-1. We demonstrated that the permeability increas-
ing effect of MASP-1 is mediated mostly by PAR-1. We also found that
MASP-1 induced endothelial permeability requires the activity of p38
mitogen activated protein kinase (p38 MAPK) and p160 Rho associ-
ated coiled-coil containing protein kinase (p160 ROCK). In fluores-
cence microscopy experiments we demonstrated that MASP-1 induces
diphosphorylation of myosin light chains resulting in cytoskeletal actin
rearrangement, which was also dependent on p160 ROCK activity.
Visualization of key molecules involved in cell adhesion showed that
MASP-1 changes the molecular pattern of PECAM-1, VE-cadherin and
Z0-1, and induces paracellular gap formation.

To analyze the long-term effects of MASP-1 on the gene expression
profile of HUVECs we carried out an Agilent microarray. MASP-1 sig-
nificantly changed the expression of 12 permeability-related genes;
among others it down-regulated genes involved in cell junctions and
actin cytoskeleton regulation, while it up-regulated B2 bradykinin
receptor.

Conclusion: In our experiments MASP-1 was found to be a potent
short-term permeability increasing agonist, but according to our
microarray results it may also have a long-term effect on endothelial
permeability. These findings raise the possibility that MASP-1 could
play an important role in the pathomechanism of C1-INH-HAE, which
makes SGMI-1 a potential target of future drug development.

Supported by: Hungarian Scientific Research Fund (OTKA K115623).
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Proteases are generally synthesized as precursors, termed proenzymes
or zymogens, and the fully active form is produced via limited prote-
olysis by another protease or autoactivation. The lectin pathway of
the complement system is initiated by mannose binding lectin (MBL)-
associated serine proteases, MASP-1, and MASP-2, which are known
to be present as proenzymes. The third serine protease of the lectin
pathway, MASP-3, was shown to be the major activator, and the exclu-
sive “resting blood” activator of pro-factor D (pro-FD), producing fac-
tor D (FD), the initiator protease of the alternative pathway. Because
only activated MASP-3 is capable to carry out this cleavage, it was
presumed that a significant fraction of MASP-3 must be present in the
active form in resting blood.
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We demonstrated the presence of active MASP-3 in blood by a more
direct technique. First MASPs were partially purified by affinity chro-
matography using immobilized MBL in the presence of inhibitors.
Using this MASP pool only the zymogen form of MASP-1 was detected
by Western blot, whereas MASP-3 was over 70% active. The active to
zymogen ratio of MASP-3 showed little individual variation. It is enig-
matic how MASP-3, which is not capable to autoactivate, is present
mostly as an active enzyme, whereas MASP-1, which has a potent auto-
activation capability, is predominantly proenzymic in resting blood.

In an attempt to explain this phenomenon we modeled the fluid-
phase activation and subsequent inactivation by C1 inhibitor of lec-
tin pathway proteases using available and newly determined kinetic
constants. The model can explain extensive MASP-3 activation if we
assume efficient intercomplex activation of zymogen MASP-3 by
zymogen MASP-1, however the model is in good agreement with the
fact that MASP-1 and -2 are predominantly proenzymic and part of
them is present in the form inactive serpin-protease complexes.

Our approach can be useful to model protease—C1 inhibitor reactions
in C1 inhibitor sufficient and deficient conditions in the future.
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Background: Angioedema (AE) is characterized by localized swelling
of subcutaneous tissues or mucosa of the upper respiratory or gastro-
intestinal tract. It accounts for as many as 80,000-112,000 Emergency
Department (ED) visits annually with 18% resulting in hospitalisation
[1]. There are two distinct subtypes of AE, caused by different patho-
logical processes involving either mast-cell mediators, including his-
tamine or bradykinin. The resulting AE often cannot be distinguished
on clinical grounds and misdiagnosis may lead to inappropriate or
delayed management which can be fatal particularly in patients with
swelling of the upper respiratory tract.

In a real-life setting, most ED visits for AE, unless the patient is known
to suffer from hereditary AE (HAE), will involve allergic or idiopathic
AE, with or without concomitant urticaria or evidence of anaphylaxis.
These forms of AE are typically mediated by histamine. Their manage-
ment, usually familiar to ED staff, is made of adrenalin, antihistamines
and corticosteroids [referred to as standard therapy (ST), Figure 1]. The
key challenge in the ED, however, is recognizing and treating potential
nonhistaminergic (bradykinin-mediated) AE. We suggest the distinc-
tion to be based on response to Standard Therapy.

Results: A satisfactory response to ST will support the diagnosis of
histamine-induced AE and the patient will eventually be evaluated
accordingly. In the case of non-optimal response, when inadequate
dosing of antihistamines or potential beta-blockade have been
addressed, bradykinin-mediated AE must be considered. Unlike his-
tamine-mediated AE, bradykinin-mediated AE is not associated with
urticaria, does not respond to antihistamines or corticosteroids, and
is poorly responsive to adrenalin. It tends to be more severe, longer
lasting, and much more likely to involve concurrent abdominal symp-
toms than its counterpart. Angiotensin-converting enzyme (ACE)
inhibitor-associated angioedema represent the first cause of brady-
kinin-induced AE. ACE inhibitors then cause local elevations in plasma
bradykinin because of inhibition of its normal breakdown. HAE is asso-
ciated with increases in bradykinin following some trigger because of
a reduced C1 esterase inhibitor (C1-INH) activity while the acquired
form is found with lymphoproliferative diseases or autoimmune
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disorders as a result of the production of neutralizing autoantibodies
against C1-INH or increased C1-INH consumption. Bradykinin-targeted
first-line therapy [2] includes intravenous infusion of plasma-derived
C1-INH (Berinert, 20 U/kg or Cinryze 1000 U) or recombinant C1-INH
(Ruconest, 50-100 U/kg) or subcutaneous injection (30 mg) of icati-
bant, a bradykinin inhibitor (Firazyr) or ecallantide (Kalbitor), a highly
specific plasma kallikrein inhibitor. Solvent detergent-treated fresh-
frozen plasma (2 U) may be used as a second-line agent only in the
absence of first-line agents. The selection of the therapeutic agent in
individual patient management plans and the threshold for initiating
treatment will be influenced by patient preferences and local policy.
Conclusions: This consensus algorithm focuses on the presentation of
isolated AE disorders to the ED. It should permit a rapid identification
of bradykinin-induced AE for specific therapy.
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Background: Laboratory assays for AO diagnosis target complement
while AO is subsequent to contact phase activation and bradykinin
(BK) accumulation. The aim of this study was to compare diagnostic
performances between methods targeting complement and contact
phase.

Materials and methods: Diagnostic of hereditary angioedema with
C1 inhibitor (C1Inh) deficiency (C1Inh-HAE) of patients was performed
according to recommendations (1) and confirmed by genetic analysis
of SERPING1 gene. Patients taking tranexamic acid or danazol were
excluded. Patients and blood donors provided informed consent to
participate in the investigation.

Antigenic C4 was quantified by nephelometry. Clinh function was
measured by chromogenic assays targeting C1s using commercial
kits (Technochrom, Technoclone GmbH or Berichrom, Siemens), by an
in-house method (2) or by a new method targeting kallikrein (KK) (3).
Spontaneous amidase activity was performed as described (4).
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Diagnostic performance values and statistical analysis were performed
using Xlstat® software, and Mann-Whitney U tests, with P < 0.05 as
statistically significant.

Results: Samples (n = 519) were assayed for Clinh function; assay
systems targeting C1s protease or a new assay targeting KK (3) were
compared. Fifty eight samples displayed one discordance between
methods. All methods presented with a very good specificity, while
the sensitivities were different, mainly for intermediate or transient
C1Inh deficiency. The in-house method presented a higher sensitivity
than commercials kits, while its sensitivity was lower than the assay
targeting KK.

A comparison between C4 and spontaneous amidase activity as com-
panion test in C1Inh-HAE is described for 99 healthy subjects and
185 patients. Antigenic C4 and spontaneous amidase activity assays
showed good specificity and high positive predictive value for C1Inh-
HAE diagnosis. Nevertheless, spontaneous amidase activity displayed
higher sensitivity and negative predictive values.

Conclusion: Assays targeting contact phase (C1Inh using KK or spon-
taneous amidase activity) displayed higher sensitivity than assay tar-
geting complement (C1Inh using C1s or antigenic C4), in line with its
pertinence for AO physiopathology. The higher sensitivity is advanta-
geous for angioedema screening and biological diagnosis.
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Background: The current diagnostic assay for functional C1 inhibi-
tor (C1INH) measurement employs inhibition of activated C1s of the
complement cascade by C1INH, utilizing either a chromogenic assay
or a complex ELISA method. Since both the methods have limita-
tions, there is a need to develop a more specific, sensitive and reliable
method.

Results: We have previously reported that C1INH deficiency can be
determined by ELISA methodology based on the concept that CT1INH
inhibits plasma kallikrein as well as activated factor Xll. Employing
either enzyme as ligand, we demonstrated superiority to the com-
mercial ELISA method that is based on inhibition of activated C1.
Our method is more accurate and sensitive. Although the commer-
cial chromogenic assay is sensitive and specific than the commercial
ELISA, a direct comparison between chromogenic and our ELISA was
not done. We report results of a direct comparison of the chromogenic
assay that the commercial laboratories use with our ELISA method
employing either factor Xlla or kallikrein as the C1 inhibitor ligand. We
assayed 30 normal controls and 57 patients with type I/Il HAE. The val-
ues for normal controls by chromogenic assay was 146 + 25; by factor
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Xlla ELISA was 148 + 36; and by kallikrein ELISA was 129 + 37 whereas
the values for type I/l HAE were 37 £ 22 (chromogenic); 23 £+ 12 (fac-
tor Xlla ELISA) and 19 £ 11 (kallikrein ELISA). The p value for the chro-
mogenic assay comparing normal plasma to HAE plasma was <0.0001.
The p value for the factor Xlla ELISA (or Kallikrein ELISA) comparing
normal plasma to HAE plasma was also <0.0001. A comparison of HAE
patients done by the chromogenic assay vs. our factor Xlla ELISA (or
kallikrein ELISA) also had a p value of <0.0001.

Conclusion: The chromogenic method had greater uncertainty; one
of the HAE plasma was misdiagnosed and 7 were considered equivo-
cal. The factor Xlla ELISA (or kallikrein ELISA) method is rapid, easily
scaled up for large number of samples and appears superior to the
chromogenic method.

Funded by Dyax Corp., Burlington, MA, USA and Shire Human Genetics
Therapies, Lexington MA, USA.
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Introduction: Phospholipase enzymes (PL) play central role in numer-
ous cellular events including inflammation and immunoregulation by
catalysing the lysis of phosphorylated lipids. Four distinct families of PL
have been described and are named A, B, C and D. These enzyme fam-
ily members are categorised based on the stereospecifically numbered
sites within phospholipids where they promote cleavage. Secreted
PLA, (sPLA,) cleaves the sn-2 acyl chain, releasing arachidonic acid and
lysophosphatidic acid. Upon downstream modification by cyclooxy-
genases, arachidonic acid is modified into active compounds called
eicosanoids that include prostaglandins and leukotrienes, which are
vascular permeability factors. Moreover, sPLA,, released in the blood
and biological fluids, exert other biological effects relevant to the ini-
tiation and regulation of inflammatory and immune responses.
Lipoprotein-associated PLA2 (Lp-PLA,) also known as platelet-acti-
vating factor acetylhydrolase is a PLA, that catalyzes the hydrolysis of
acetyl ester at the sn-2 position of PAF. It has been shown that brady-
kinin modulates vascular permeability through the activation of PL.
Therefore we supposed that PLA, may have a role in pathogenesis of
angioedema. The aim of this study was to analyze the plasma activity
of PLA, in patients with C1-INH-HAE.

Methods: 71 controls and 105 C1-INH-HAE patients were studied.
PLA, and LP-PLA, activity was measured by fluorescent assay. Angio-
genic factors [vascular endothelial growth factors (VEGF-A), angiopoi-
etins 1 and 2] were evaluated by ELISA.

Results: Plasma activity of sPLA, and LP-PLA, were higher in C1-INH-
HAE patients in remission than in controls. There was no correlation
between the activity of sPLA, and LP-PLA,. Interestingly, LP-PLA,
activity was higher in C1-INH-HAE patients experiencing more than
12 attacks per year than in those who had less than 12 attacks. sPLA,
activity was decreased in patients with higher Ang1 and Ang2 levels.
Whereas, there was positive correlation between activity of LP-PLA,
and Ang1 and negative correlation between LP-PLA, and Ang2 and
Ang2/Ang1 ratio (an index of vascular permeability). Moreover, the
activity of these mediators were decreased during attack compared
with basal conditions.

Conclusions: Plasma activity of PLA, that alter vascular permeability
through their activation by bradykinin and eicosanoid production,
are increased in patients with C1-INH-HAE in remission and decreased
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during attacks. Based on these observations that support immu-
nomodulator role of PLA,, we hypothesize that these enzymes along
with an increased release of bradykinin, VEGFs and Angs, induce a
state of “vascular pre-conditioning” that may change the threshold for
development of angioedema attacks.
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Background: The emergence of clinical angioedema (AO) is subse-
quent to the enzymatic production, AO attacks results from a local
endothelial permeability in the affected tissue. Contact phase activa-
tion and bradykinin (BK) generation mediate this process.

According to the model established by Hofman et al., a systemic
activation process of the contact system can result in localized angi-
oedema attacks. Here we report an observation of patient with sys-
temic contact phase activation earlier to localized AO.

Materials and methods: Citrate plasma of a patient was submitted
for AO exploration. 3 samples were harvested at different times, (a)
13 h before attack during a regular consultation, (b) during attack, (c)
21 days after attack. C1 Inhibitor function, spontaneous amidase activ-
ity, kinin measurement and kininogen cleavage were performed as
described previously [1-5].

The patient is a female subject, 24 years, without drugs, admitted
for angioedema in emergency department during crisis: abdominal
cramps, respiratory gene and AO of the eyelids.

Results: The subject does not carry the missense mutation 1032A/G of
exon 9 of the F12 gene. ClInh function is normal. Biological analyses
showed very important increased kinin forming with increased spon-
taneous amidase activity 306.9 nmol/mL min (reference 2.4-0.7 nmol/
mL min) and decreased proenzyme activatability 523 nmol/mL min
(reference 2422-4560 nmol/mL min) 13 h before the crisis; while dur-
ing the crisis and local AO manifestations, proenzymes were recon-
stituted 5755 nmol/mL min and spontaneous amidase activity is still
slightly increased 19.2 nmol/mL min. This was associated with kinino-
gen (HK) cleavage for the two samples 13 h before crisis with 0 ng of
native HK (nHK, references 44.5-186 ng/mL) and 99% of cleaved HK
(cHK, reference 1-15.6%), and during crisis with 0 ng of nHK and 98%
of cHK. In agreement with HK cleavage, bradykinin (BK) generation
curve of plasma upon contact phase activation is greatly impaired.
The results of the sample at day 21 after crisis showed normalisa-
tion of precedent parameters (nHK 129 ng/mL, cHK 13%, BK genera-
tion, spontaneous amidase activity 11.2 nmol/mL min, proenzyme
5635 nmol/mL min).

Conclusion: The symptomatology of angioedema is posterior to the
enzymatic activity that produces kinins; the delay of 24-36 h should
be the time required for the permeability process.

Kinetics of biological events before crisis, in crisis, after restoration
demonstrate that a systemic contact phase activation occurs prior to
the local AO and clinical manifestation.

Consent to publish: Written consent to publish was obtained from
the patient.
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Background: Hereditary angioedema due to Cl1-inhibitor deficiency
(C1-INH-HAE) is a potentially life-threatening rare disease, character-
ized by recurring and spontaneously resolving edematous attacks.
Previously many studies published on the activation of the plasma
enzyme systems during edematous attacks, nevertheless kinetic
follow-up has never been performed. For the first time, we aimed to
study the kinetics of parameters in the coagulation and fibrinolytic sys-
tems in a spontaneously resolved edematous attack of a C1-INH-HAE
patient. Furthermore, we aimed to study the kinetics of these param-
eters in a healthy subject during a 24-h period, served as control.
Materials and methods: In a 56-year-old female with C1-INH-HAE
we monitored the severity of the symptoms during the entire obser-
vation period and altogether twelve blood samples were obtained.
Blood samples collected from a healthy volunteer at 5 different times
during a 24-h period served as a control. We measured factors XI and
Xl activities (FXla, FXlla), as well as concentration of prothrombin frag-
ment 1 + 2 (F1 + 2), thrombin-antithrombin (TAT)-complex, D-dimer,
fibrinogen.

Results: After a 24-h symptom-free period and another 19-h prodromal
period, the patient had a 29-h-long edematous attack in multiple skin
locations, and was followed up for another day. It is remarkable that dur-
ing prodromal stage—which was characterized by erythema margina-
tum—the levels of D-dimer, F1 + 2 and TAT-complex were as constantly
low as those levels measured in the healthy control. Levels of F1 4+ 2 and
TAT-complex were significantly elevated at the moment of the onset of
edematous symptoms whereas level of D-dimer was elevated after 6 h.
Levels of all three parameters reached maximum 12 h after reaching the
maximum severity score. Highest level of D-dimer was almost 100-fold
higher than the levels measured during prodromal stage. Fibrinogen
levels were constantly elevated during prodromal stage whereas dur-
ing edematous attack, fibrinogen levels were similarly low as levels were
measured in the healthy control. In the healthy control subject, all meas-
ured parameters were stable during 24-h observational period.
Conclusions: This study was a part of a project aimed to the better
understanding of the mechanisms leading to the onset and to the
resolution of edematous attack. Real-time monitoring of F1 + 2 and
TAT complex suggest that thrombin contribute to the development
of edema formation. We confirmed that D-dimer is a prominent bio-
marker of an ongoing edematous attack. Elevated levels of fibrinogen
before the onset edematous symptoms raise the possibility of using it
as a predictive marker.
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Consent to publish: Both subjects gave written informed consent for
the publication.

This study was supported by the UNKP-16-3 New National Excellence
Program of the Ministry of Human Capacities”.
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Background: The COMPACT program of studies showed that a high-
concentrate subcutaneous (SC) formulation of C1-INH (CSL830) was
safe and effective in preventing hereditary angioedema attacks
(HAEAs). In this analysis, we aim to use data from three studies to
develop a population pharmacokinetics (POPPK) model to character-
ise the disposition of C1-INH functional activity (C1-INHI[f]) after intra-
venous (IV) and subcutaneous (SC) administration.

Materials and methods: The population C1-INH(f) data in the sub-
jects treated with C1-INH were analyzed by nonlinear mixed effects
modeling using the package NONMEM (v7.2) to characterise the
pharmacokinetics (PKs) of C1-INH concentrate. PK parameters such as
clearance (CL), volume of distribution (Vd), bioavailability (F) and base-
line C1-INH(f) were estimated using the first-order conditional estima-
tion method.

Results: A total of 124 subjects (108 with HAE and 16 healthy volun-
teers) were included in the PK analysis dataset, which comprised of
a total of 2103 C1-INH(f) observations. C1-INH(f) following adminis-
tration of C1-INH was adequately described by a one-compartment
model with first-order absorption and elimination, with inter-indi-
vidual variability estimated for all the parameters tested. Separate
baseline parameters were included in the model for HAE patients and
healthy volunteers. The population mean bioavailability of C1-INH
was 0.427. Body weight effect on CL of C1-INH(f) was included in
the final model with the weight exponents on CL estimated to be
0.738. The population mean (95% Cl) CL and Vd were estimated to be
approximately 0.830 1U/h-% (0.727, 0.942 1U/h-%) and 43.3 IU/% (35.1,
51.5 1U/%), respectively. The final population PK model was used to
simulate C1-INH(f) versus time profiles in 1000 virtual HAE patients.
The prediction revealed higher Cy, g, with 40 1U/kg (40.2%) and with
60 1U/kg (48.0%) compared with 1000 IU IV (~30%) and a lower peak-
to-trough ratio with a more consistent elevation of the C1-INH(f) for
the 40 and 60 IU/kg SC doses compared to the 1000 IU IV dose.
Conclusions: C1-INH(f) was well described by a one-compartment
model with first order absorption. Body weight was a significant covar-
iate that affected CL. The PK profile for SC administration of C1-INH
shows higher C;,4, with a more consistent and evenly distributed
plasma level of C1-INH(f) compared to the profile for IV administration.
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Background: The Phase 3 COMPACT trial showed that a high-con-
centrate subcutaneous (SC) formulation of C1-INH (CSL830) provided
dose-dependent, physiologically-relevant increases in trough C1-INH
functional activity (C1-INH[f]), and demonstrated its safety and effec-
tiveness in preventing hereditary angioedema attacks (HAEAs). Data
from this trial was used to (1) study an exposure-response (E-R) rela-
tionship between C1-INH(f) and risk of an HAEA and (2) explore the
relationship between C1-INH(f) and levels of complement factor 4
(C4), a marker of activation of the complement system.

Materials and methods: Data from the COMPACT program were used
to develop a population E-R model. An interval-censored repeated
time-to-event (TTE) model was developed that enabled the C1-INH(f)
to be directly related to HAEAs. The final model included two compo-
nents, a baseline hazard and a non-linear drug effect. The relationship
between C1-INH(f) and C4 antigen was visually inspected in an explor-
atory manner.

Results: Ninety subjects from the COMPACT Phase 3 study experi-
enced 1425 censored HAEAs. A strong, inverse relationship between
C1-INH(f) and HAEAs was found, with the final TTE model estimating
that 50, 70 and 90% reductions in relative risk of an HAEA correspond
to C1-INH(f) of 33.1, 40.3 and 63.1%, respectively. Based on the trough
C1-INH(f) levels over a steady-state dosing interval (Cy,qp) for 40 1U/
kg (40.2%) and 60 IU/kg (48.0%) C1-INH, it is estimated that 50 and
67% of a HAE population would see a 70% reduction in relative risk of
HAEAs, respectively. Moreover, C1-INH(f) and C4-antigen levels appear
to have a linear relationship in HAE subjects in levels of C1-INH(f) up
to ~50%, after which the relationship shows signs of saturability.
Conclusions: There is a close inverse relationship between C1-INH(f)
after SC C1-INH injection and the occurrence of HAEAs. Simulations
based on E-R suggest that the prevention of HAEAs is maximised
when C1-INH(f) is restored to the normal range (>70%). There is a lin-
ear relationship between C1-INH(f) and C4-antigen levels up to ~50%
after which saturability is observed. This suggests that there may be
potential diagnostic value in monitoring C1-INH(f) and C4 levels dur-
ing prophylaxis with C1-INH.
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Background: Cinryze, a human plasma-derived C1 inhibitor (C1-INH)
is approved for routine prophylaxis against hereditary angioedema
(HAE type | and Il) attacks in adults, adolescents, and children. We pre-
sent interim efficacy and safety results as well as the pharmacokinet-
ics and pharmacodynamics of two doses of intravenous (IV) C1-INH in
patients 6-11 years of age.

Methods: This is an ongoing randomized, phase 3, multi-centre,
single-blind, crossover study (NCT02052141). We present data from
6 patients who completed the study. Following a 12-week baseline
observation period (BOP), patients were randomised to receive 500U
or 1000U IV C1-INH every 3-4 days for 12 weeks, and then switched
to the other dose for 12 weeks. The primary efficacy endpoint was the
number of monthly attacks in a treatment period. Secondary efficacy
endpoints included attack severity and the number of attacks requir-
ing acute treatment. Clinical and laboratory safety were evaluated.
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Blood samples were collected before and 1 h after doses 1, 12, and 24
to measure functional C1-INH activity, C1-INH antigen, and C4.
Results: Six patients (all female with HAE type | and a median age of
10.5 years) had a mean (SD) of 2.26 (1.62) attacks per month during the
BOP. The mean (SD) difference in the number of attacks between the
BOP and treatment periods was —1.89 (—1.31) and —1.89 (—1.11) for
the 500 and 1000 U doses, respectively, i.e. an 84.8% (20.1) and 88.1%
(13.4) reduction in the number of attacks. The safety profile of either
dose was comparable. No deaths, serious adverse events (AEs), throm-
botic or thromboembolic events occurred. Frequently reported treat-
ment-related AEs included fatigue and irritability. Baseline-adjusted
C1-INH functional activity (corrected for its pre-first dose level)
observed pre-dose 12 (mean [SD] of 0.145 [0.152] U/ml for 500 U and
0.210 [0.098] U/mL for 1000 U; normal range: >0.68 U/ml) was approxi-
mately maintained to dose 24. An hour post-dosing, C1-INH functional
activity and antigen concentration increased two-fold or more. Mean
(SD) baseline-adjusted C1-INH antigen concentrations pre-dose 12
were 0.039 (0.024) g/L for 500 U and 0.044 (0.032) g/L for 1000 U (nor-
mal range: 0.21-0.39 g/L). For dose 12, C4 concentration was variable
with a mean (SD) of 36.2 (36.7) mg/L for 500 U and 49.0 (42.1) mg/L for
1000 U, (normal range: 160-700 mg/L).

Conclusion: In this 24-week study, twice-weekly IV administration of
500 and 1000 U C1-INH in 6 children aged 6-11 years was safe and
well-tolerated, and demonstrated efficacy in reducing HAE attack
frequency.
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Background: BCX7353 is a potent once daily oral kallikrein inhibitor.
A Phase 2, double-blind, dose-ranging, placebo-controlled, 3-part,
parallel-group study (APeX-1) evaluated the efficacy, safety, pharma-
cokinetics and pharmacodynamics of BCX7353 as a prophylactic treat-
ment in HAE patients. A planned interim analysis of a subset of Part 1 is
reported (28 of 36 planned subjects).

Materials and methods: In Part 1, patients with HAE Type | or Il with
a recent history of frequent angioedema attacks were randomized 1:1
to receive 28 days of treatment with BCX7353 350 mg QD or placebo.
Parts 2 and 3 will include an analysis of lower doses (125 and 250 mg
[Part 2] and 62.5, 125 and 250 mg [Part 3]). Subjects recorded details of
HAE attacks in a diary. Efficacy was assessed by the number of attacks
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over the entire and effective dosing period (EDP, Days 8-29) when
BCX7353 steady-state conditions were achieved. Plasma samples were
drawn for BCX7353 concentrations and kallikrein inhibition at steady
state. Safety was monitored by adverse events (AEs), laboratory assess-
ments, vital signs, physical exam findings and ECGs.

Results: Twenty-eight subjects with a mean of 1.0 HAE attacks per
week were enrolled and included in the interim analysis. Four subjects
were excluded from the per-protocol (PP) population: two subjects on
BCX7353 discontinued early (non-treatment emergent liver enzyme
elevations and gastroenteritis with liver enzyme elevations) and two
subjects (one per treatment) did not have confirmed Type | or Il HAE.
The least-squares mean HAE attack rates during the EDP in the PP
population were 0.92 (placebo) and 0.34 (BCX7353) attacks per week,
translating to a reduction in attacks of 63% (p = 0.006). Four of 11 sub-
jects (36%) were attack-free on BCX7353 during the EDP compared to
1 of 13 on placebo (7.7%; PP population). All trough concentrations
drawn on BCX7353-treated subjects at steady-state exceeded the pre-
defined minimum therapeutic target (fold range 2.3-7.0, mean 4.7).
Mean ex-vivo plasma kallikrein activity was suppressed by an average
of 82-89%, and this was sustained over the dosing interval. There were
no SAEs and no severe drug-related AEs. BCX7353-treated subjects
had a numerically higher number of mild to moderate gastrointestinal
AEs; additionally, BCX7353-related gastrointestinal AEs may have been
reported as HAE attacks.

Conclusions: Once-daily BCX7353 was associated with a clinically
meaningful, statistically significant reduction in attacks in subjects
with HAE. BCX7353 was generally safe and well tolerated. These find-
ings support the ongoing evaluation of a range of doses of BCX7353
for prophylaxis of angioedema attacks in HAE patients.
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Background: Lanadelumab (DX-2930/SHP-643) is a long-acting,
highly-specific, potent, human monoclonal antibody targeting plasma
kallikrein that received fast track and breakthrough therapy designa-
tions. Results from a Phase 1b study (NCT02093923) did not identify
safety signals and supported efficacy of lanadelumab in preventing
hereditary angioedema (HAE) attacks. A pivotal randomized, double-
blind (DB), placebo-controlled, parallel arm study (NCT02586805) is
ongoing, and an open-label extension (OLE; NCT02741596) is currently
enrolling patients (pts). Here, we describe the design of a Phase 3 OLE
study to evaluate the long-term safety and efficacy of lanadelumab for
prevention of angioedema attacks in patients with HAE.

Materials and methods: This OLE will include pts (>12 years old;
Type 1/2 HAE) rolling over from the DB study and an additional
50-100 pts who did not participate in the DB study (non-rollover). The
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non-rollover population will include pts switching to lanadelumab
from another prophylactic therapy. Rollover pts will initially receive a
single 300 mg subcutaneous dose of lanadelumab and will not receive
another dose until after their first HAE attack. Thereafter, lanade-
lumab 300 mg g2 weeks will be administered until Day 350, followed
by a 4-week safety follow-up. Non-rollover patients will be dosed g2
weeks regardless of their first attack. Pts may qualify to self-adminis-
ter lanadelumab. The primary objective of the OLE will be to assess
long-term safety. In the phase 1b study, 25% pts had local adverse
effects following lanadelumab treatment vs 23.1% following placebo.
Secondary objectives include evaluation of efficacy (time to first HAE
attack to determine outer bounds of the dosing interval, attack rate,
number attacks requiring acute treatment, are moderate/severe, or
are associated with high-morbidity). Lanadelumab 300 and 400 mg
was associated with a 100 and 88% reduction in attacks, respectively,
in the Phase 1b study. Immunogenicity, pharmacokinetics/pharmaco-
dynamics, quality of life, characteristics of breakthrough attacks, self-
administration and safety/efficacy in pts switching to lanadelumab
from another prophylactic therapy will be evaluated.

Results: Results of the OLE are expected in 2018.

Conclusions: Results of this study will provide additional important
data on the long-term safety, efficacy and dosing frequency of lanade-
lumab, a first-in-class subcutaneous therapy for prevention of angi-
oedema attacks in patients with HAE.
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Background: Hereditary angioedema (HAE) is a rare, potentially life-
threatening disease characterized by acute skin and mucosal oedema.
Current treatments of HAE are limited by route of administration and
adverse events, since all HAE drugs are administered intravenously or
subcutaneously, and may be associated with drug-specific adverse
effects. There is a need for safe orally-administered therapies that
control plasma kallikrein activity, prevent HAE attacks, and are well-
tolerated. Approximately 900 compounds were screened on the basis
of chemical structure, selectivity for plasma kallikrein, and kallikrein
inhibition. This study evaluated the safety of ATN-249, a novel, potent,
and selective orally administered plasma kallikrein inhibitor that
potentially treats HAE by blocking kallikrein-mediated production of
bradykinin.

Materials and methods: Genotoxicity was evaluated in bacterial
reverse mutation, chromosomal aberration, and micronucleus assays.
Good laboratory practice (GLP) repeat dose (28-day) toxicity was eval-
uated in rats and monkeys. Metabolite profiles were measured by dose
recovered in intact rats and bile duct cannulated (BDC) rats. Safety
pharmacology was evaluated in the functional observational battery
(FOB) assessment in rats and in cardiovascular and respiratory telem-
etry studies in monkeys.

Results:

« Genotoxicity No genotoxicity was noted in bacterial reverse
mutation, chromosomal aberration, and micronucleus assays.

« Toxicity No noteworthy findings on clinical signs, hematology,
coagulations, serum chemistry, urinalysis, and gross necropsy
in GLP 28-day rat and monkey toxicity studies at doses up to
100 mg/kg/day.

o Metabolism Following a single oral administration:

« Inintact rats, 100% of ATN-249 was recovered within 0-168 h,
with 99% in feces.

« In BDC rats, 97% of ATN-249 was recovered within 0-72 h;
with 52% recovered in feces and 39% recovered in bile.

+  Previously, bioavailability was shown to be >50% in rats.
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»  Safety pharmacology No adverse effect was observed in rat FOB
studies or monkey cardiovascular and respiratory studies.

Conclusions: Studies demonstrating the absence of genotoxicity,
absence of adverse events in rat and monkey toxicity, high bioavail-
ability, comprehensive recovery following oral administration, and
absence of adverse events in safety pharmacology suggest that ATN-
249's safety profile is desirable and appropriate for further clinical eval-
uation. These results, along with previously published high potency
and high selectivity results, suggest ATN-249 has a wide therapeutic
window with once-daily dosing potential, and may be a novel, safe,
potent, and selective orally-administered plasma kallikrein inhibitor
for treatment of hereditary angioedema (HAE).
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Background: CSL312 is a FXlla antagonist fully human monoclonal
antibody in development for Hereditary Angioedema (HAE). A Phase 1
study in healthy subjects is underway to assess safety, tolerability and
pharmacokinetics. FXlla-mediated kallikrein activity is being used as
an exploratory biomarker to assess CSL312 pharmacodynamics.
Methods: Plasma samples were diluted in buffer containing dextran
sulphate to initiate contact activation. Chromogenic substrate, H-D-
Pro-Phe-Arg-pNA (S-2302) was used to monitor kallikrein enzymatic
activities in normal human plasma and HAE patient plasma in the
presence of varying CSL312 concentrations. Rates of substrate cleav-
age were derived from the changes in absorbance over time.

Results: A fit-for-purpose quasi-quantitative assay of FXlla-medi-
ated kallikrein activity has been developed. Precision both within
and between assays was well within 30% CV. The assay is sensitive
to spiked concentrations of CSL312 in the range of 1-10 pg/mL. The
assay also discriminates HAE and healthy plasma samples. Less than
10 pg/mL of CSL312 added to HAE plasma restored amidolytic activity
to levels seen in normal subjects. The CSL312 concentration needed to
treat HAE samples to achieve a target kallikrein activity may be used
to predict effective CSL312 doses in HAE patients. Data will also be
presented showing characterisation of different HAE patient samples
using this assay.

Conclusions: CSL312 is a potent inhibitor of FXIla-mediated kallikrein
activity in normal and HAE plasma. This assay shows promise to moni-
tor CSL312 effects and inform clinical dosing regimens.

0-19

Putative role of KLKB1 gene on HAE pathophysiology

Renan P. Martin, Rafael Filippelli-Silva, Camila L. Veronez, Jodo B. Pesquero
Department of Biophysics, UNIFESP, Sdo Paulo, Sao Paulo, 04039-032,
Brazil

Correspondence: Renan P. Martin (renan.paulo.martin@gmail.com)
Allergy, Asthma & Clinical Immunology 2017, 13(Suppl 2):0-19

Hereditary angioedema (HAE) is an autosomal dominant inherited dis-
ease characterized by painful edema episodes with variable localiza-
tion and severity. Most of diagnosed patients present either mutation
on C1 inhibitor gene (SERPING1), with abnormal levels or functional-
ity (HAE type | and Il respectively) or Factor 12 (FXII) gene (HAE-FXII).
These mutations leads to exacerbated bradykinin (BK) production, the
peptide responsible for edema formation. In addition, there are sev-
eral HAE patients of unknown molecular etiology (HAE-U), presenting
same symptoms but no mutation in both classical genes. Symptoms
are widely variable in patients presenting the same mutation, even
in the same family. This variability highlights the role of several other
modulator genes on HAE pathophysiology. In order to determine
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these candidates, 15 genes were sequenced in patients with HAE-U
using next generation sequencing (NGS) method. From the genes
analysed, KLKB1 seems to participate as a causative gene, wherein
two missense mutations were identified on the HAU-U patients. Those
mutations were submitted to “in silico” analysis. Mutation p.GIn442Pro
was classified as benign on Mutation Taster, PolyPhen2 and SIFT,
whereas, Ingenuity analysis revels a gain of function for this muta-
tion. The mutation p.Asp619Glu was classified on “in silico” analysis
as probably pathogenic by Mutation Taster, possible pathogenic on
PolyPhen2 and tolerable on SIFT. In addition, the two variants were
visualized on YASARA software, in order to determine possible intra-
molecular interactions. GIn442 seems to make a hydrogen bound with
Val444 residue, but this interaction occurs on the C-terminal carbon.
Therefore, substitution on amino-acid side chain might not play a
major role on this interaction. In the case of Asp619, it is highly con-
served among several species and could interact with Lys507 residue.
This pocket is located at helix 5 close to disulfide bound, responsible
for maintenance of light and heavy chains linked, after FXlla cleavage.
Changes in this pocket could lead the protein to assume a new con-
formation, modifying interactions between kallikrein and FXlla, either
favoring or hindering its activation. Thus, the present findings improve
the knowledge on HAE disease field pointing KLKB1 as new gene
ascribed to HAE pathophysiology, which improves HAE diagnoses and
patients life quality.

This study was supported by grants of FAPESP, CNPq, and CAPES.
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Background: Despite the fact that cases of U-HAE and InH-AAE are
increasingly recognized, the pathogenesis of these diseases remains
still unknown. The aim of this study was to identify genetic alterations
possibly linked with this type of angioedema.

Materials and methods: 29 unrelated patients with idiopathic recur-
rent angioedema (males/females 8/21, aged 43 + 21 years) diagnosed
like U-HAE (18) or InH-AAE (11) were submitted to targeted genotyp-
ing focused on 55 genes involved in bradykinin metabolism and func-
tion, including SERPINGT and F12 genes. 61 unrelated patients with
HAE due to Cl-inhibitor deficiency (C1-INH-HAE) were genotyped as
controls. A next-generation sequencing (NGS) platform (Ampliseq
custom panel, Thermo Scientific) was developed by which all coding
regions and exon-intron splice junctions of these genes (minimum
coverage 90%) were analyzed. Analysis of primary data was conducted
with lon Reporter software v.5.2 (Thermo Scientific). Polymorphisms
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(UCSC Common SNPs) for which no disease associations are reported
in the ClinVar database were excluded and pathogenicity of variants
was predicted by bioinformatics analysis using SIFT and PolyPhen
tools, in comparison to their global (1000 Genomes Global Minor
Allele Frequency, ExAC) and European frequency (5000 Exomes Euro-
pean Minor Allele Frequency).

Results: In 24/29 patients various heterozygous or homozygous
genetic alterations of the analyzed genes were detected, alone (8) or
in combination (16). These alterations represent either unreported
or extremely rare variants some of which were bioinformatically pre-
dicted as deleterious. Every one of these variants was found only once,
except for the p.lle342Thr of F13B (3), the p.Val266lle of DPP4 (2) and
the p.Lys330Glu of PLG (2). Nearly none of these variants was detected
after genotyping 61 patients with C1-INH-HAE. Functional polymor-
phisms of other genes were also detected combined or not with the
above variants.

Conclusions: We provide evidence indicating the existence of a het-
erogeneous genetic background linked with 72% of U-HAE and 100%
of InH-AAE cases. Family segregation and/or functional studies are
required for the pathogenicity or the disease modifying effect of these
genetic alterations to be confirmed. As far as some of the detected
alterations may affect the concentration of coded enzymes, their car-
riage has to be taken into account when biochemical studies of U-HAE
or InH-AAE are performed.
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Rationale: Hereditary angioedema with normal Cl-inhibitor (nC1-
INH-HAE) with and without factor XII mutations (FXII-HAE and U-HAE
respectively) are familial disorders. We present the genetic and clini-
cal features of patients with nC1-INH-HAE followed up in centers of the
Italian Network for Angioedema (ITACA).

Methods: 105 patients with personal or family history of angioedema
and normal plasma levels of C1 inhibitor were studied. C1-INH func-
tion was measured by chromogenic assay; C1-INH and C4 antigen lev-
els were measured by immunologic assay.

All patients were investigated for mutations in the whole F12 gene
coding region by direct DNA sequencing.

Results: 85 patients had angioedema symptoms. Of these patients,
22 females (median age 41.1 years, range 12-78), belonging to 9 unre-
lated families, had the same mutation in F12 gene, leading to the most
common disease-causing aminoacid substitution, p.Thr309Lys. They
were diagnosed as FXII-HAE. The haplotype analysis by using intra-
genic SNPs confirmed the hypothesis of a common founder. 20 sub-
jects (11 males) in 8 FXII-HAE families were asymptomatic carriers of
the same mutation.

63 patients (37 females; median age 43.53 years, range 12-81) had his-
tory of angioedema in their 39 families and no mutation in F12 gene.
They were diagnosed as U-HAE. Sequencing analysis revealed the
presence of different SNPs that have been previously described as not
affecting protein activity or function.
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Accordingly, the minimum prevalence of FXII-HAE and U-HAE in Italy
in 2016 is 37:59,394,000 inhabitants and 60:59,394,000 respectively,
equivalent to 1:1,605,243 for FXII-HAE and 1:989.900 for U-HAE.
Conclusions: This is the first report on the complete sequencing of
F12 gene in 105 ltalian patients with nC1-INH-HAE. Italian patients
with FXII-HAE appear to come from the same common ancestor as
those from other countries.

This nationwide survey of C1-INH-HAE provides for Italy a prevalence
lower than in other European countries. We hyphotesize a disomo-
geneous geographical distribution of nC1-INH-HAE among European
countries.
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Background: Hereditary angioedema (HAE) with normal C1-inhibitor
(C1-INH) may be associated with mutations in the gene coding for the
coagulation factor Xl (HAE-FXII) or with gene alterations still unknown
(HAE-unknown). The management including the investigational use of
various drugs in patients with HAE-unknown is reported.

Methods: Patients with HAE-unknown were treated for acute attacks
or received long-term prophylaxis. Efficacy of drugs for acute attacks
was determined by recording time to first relief and time to resolution
of symptoms and compared to untreated attacks. Efficacy of drugs and
other measures for long-term prophylaxis was determined by record-
ing the number of attacks before and during treatment.

Results: In 11 patients a total of 28 treatments in an intensive care
unit because of upper airway obstruction were reported. Four patients
required intubation and two patients needed cricothyrotomia. All
patients survived. Fourteen patients were treated for 52 acute attacks
with C1-INH concentrate. Eleven patients reported an excellent effi-
cacy for 42 treated attacks. Two of them observed a low efficacy in 8
further attacks. In two patients with tongue swelling C1-INH concen-
trate was not effective. Six patients were treated for 131 attacks with
icatibant. All patients reported an excellent efficacy in 129 attacks. In
two attacks further treatment was required. One patient was treated
with fresh frozen plasma, however ineffectively. Concerning long-term
prophylaxis, 11 women received desogestrel for a total of 33 years.
Three of them became symptom-free. Desogestrel was not effec-
tive in 3 women and partially effective in 5 women. Seven patients
received tranexamic acid for a total of 31 years. During this time period
4 patients were symptom-free. In two patients tranexamic acid was
partially effective and in a further patient ineffective. Danazol was
effective in 4 patients and ineffective in 2 patients. Two patients were
treated with stanozolol for a total of 8 years. Stanozolol was partially
effective in both patients.

Conclusions: In HAE with normal C1-INH and without mutations in
the F12 gene various treatment measures are completely or partially
effective.
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Background: Hereditary angioedema with C1 inhibitor deficiency
(C1-INH-HAE) is a rare, often severe disease characterized by recur-
rent swellings of the skin and mucous membranes. A previous study
enrolling 171 patients with C1-INH-HAE type I/Il showed that although
symptoms presented in childhood (median age 12 years), there was an
8.5-year delay from the time of symptom onset to diagnosis [1]. In this
analysis, data from the Icatibant Outcome Survey (I0S) was used to
determine which physicians are diagnosing C1-INH-HAE, to help iden-
tify where to focus awareness efforts.

Methods: The IOS is an international observational study monitoring
the safety and effectiveness of icatibant for the treatment of angi-
oedema attacks. All study participants provided written informed con-
sent. Data were collected from 12 countries between July 2009 and
January 2017.

Results: There were 683 patients (400 [58.6%)] females) with C1-INH-
HAE type I/Il in this analysis. A family history of C1-INH-HAE was found
in 500 (80.0%) of 625 patients with available data. Median (interquar-
tile range) ages at first symptom onset and at diagnosis were 12.0 (5.0,
18.0) and 21.0 (13.2, 33.8) years, respectively. The majority of patients
with available information on who made the diagnosis at baseline
(n = 470) were diagnosed by a specialist (395, 83.9%) or a non-emer-
gency room physician (76, 16.1%). Specialists who made the most
diagnoses were allergologists (139, 29.5%), clinical immunologists (86,
18.3%), and dermatologists (76, 16.1%). Paediatricians and paediatri-
cian-immunologists only diagnosed 12 (2.5%) patients and 10 (2.1%)
patients, respectively.

Conclusion: Our findings confirm that despite the fact that C1-INH-
HAE symptoms present in childhood or adolescence, paediatricians
rarely diagnosed patients. Raising disease awareness among paediatri-
cians may reduce the diagnostic delay, possibly allowing for more effi-
cient referral of symptomatic patients to appropriate specialists.

Trial Registration NCT01034969
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1. Zanichelli A, Magerl M, Longhurst H, Fabien V, Maurer M. Hereditary angi-
oedema with C1 inhibitor deficiency: delay in diagnosis in Europe. Allergy
Asthma Clin Immunol. 2013;9:29-32.
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Background: Hereditary angioedema due to Cl-inhibitor deficiency
(C1-INH-HAE) is a rare autosomal dominant disease, manifesting as
potentially life-threatening oedema. Frequency and severity of these
attacks vary at different stages of life and hormonal changes influence
the clinical course of C1-INH-HAE. Several reports suggest a link with
autoimmune conditions. The aim of this study is to analyse the poten-
tial influence of age and concomitant diseases on the clinical course of
C1-INH-HAE.
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Materials and methods: Adult patients with C1-INH-HAE, treated with
human pasteurised and nanofiltered C1-esterase inhibitor concen-
trate and with a patient diary covering the previous 12 months, were
selected and allocated into 2 age groups: 18-65 years and 65 years
and older. Prodromal symptoms, attack triggers, location and severity
and the occurrence of concomitant diseases were analysed retrospec-
tively. Descriptive statistics were derived using SAS version 9.1.
Results: Patient diaries were available from 150 patients with C1-INH-
HAE (53 men, 97 women), with a mean age (range) of 44.1 years (18-
95), 134 patients being younger than 65 years (48 men, 86 women)
and 16 being older (5 men, 11 women).

The most common concomitant diseases in younger patients were
arterial hypertension and autoimmune thyroiditis (both in 22 of 134
patients), followed by allergic rhinitis (19 patients). This age group
experienced 4840 attacks with 12% being severe and with pain being
the most common first sign of an impending attack. In the small
cohort of older patients, a similar pattern was seen: concomitant arte-
rial hypertension (10 of 16 patients) was followed by autoimmune thy-
roiditis (5 patients), allergic rhinitis and hypercholesteremia (3 patients
each). Only 4% of 818 attacks were severe and first signs manifested
most commonly as erythema.

In men, the most common concomitant disease was arterial hyperten-
sion (15 of 53 patients), followed by allergic rhinitis and hypercholestere-
mia (9 patients each). Annual mean attack frequency (standard deviation
[SD]) was 29.3 (45.2) with concomitant diseases and 26.6 (33.4) without.
Women most commonly suffered from concomitant autoimmune thy-
roiditis (25 of 97 patients), followed by arterial hypertension (17 patients)
and allergic rhinitis (13 patients). Mean attack frequency (SD) was 48.3
(55.2) with concomitant diseases and 28.6 (35.9) without.

Conclusions: Differences in the clinical course of C1-INH-HAE (attack
frequency, severity, and first signs) were seen that could possibly be
attributed to age or gender differences, or the influence of concomi-
tant diseases. However, larger patient collectives will need to be stud-
ied to draw definitive conclusions.
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Background: Limited data are available on the comorbidities in
patients with hereditary angioedema due to Cl-inhibitor deficiency
(C1-INH-HAE). Our aim was to assess the prevalence of comorbidities
and its effect on C1-INH-HAE among our patients.

Materials and methods: We surveyed 139 adult C1-INH-HAE patients
(59 males, 80 females [mean age: 43.45, min: 19.04, max: 85.22 years
[yl), according to the data of the Hungarian HAE Registry and the
patient’s documentation assessed between 1996 and 2017. In our sur-
vey, we assessed the prevalence of hypertension, ischaemic heart dis-
ease (IHD), cerebrovascular diseases (CVD), diabetes mellitus (DM) and
neoplasms according to different age groups (19-24, 25-34, 35-44,
45-54, 55-64, 65-74, >75 years) and compared these data to the Hun-
garian Central Statistical Office’s data (HCSO). We surveyed allergic
diseases and appendectomy in C1-INH-HAE patients—without age
groups—and we compared the data to the data of HCSO.

Results: In our adult patients with C1-INH-HAE, hypertension occurred
significantly rarer in every age groups (19-24 years: p = 0.0469;
45-54 years: p = 0.0005; 55-64 years: p < 0.0001; 65-74 years: p = 0.0001)
compared to HCSO data, except between 25-34 years (p = 0.0198)
and >75 years (p < 0.0001). IHD appeared in significantly fewer cases in
45-54 years (p = 0.0002), 65-74 years (p < 0.0001), >75 years (p < 0.0001)
old C1-INH-HAE patients compared to the Hungarian population. CVD
had significantly lower prevalence in our C1-INH-HAE patients in the
45-54 years age group (p = 0.0337), while significantly higher prevalence
in 35-44 years (p = 0.0002). DM's prevalence was significantly lower in
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the 55-64 years (p = 0.0142), 65-74 years (p < 0.0001) and >75 years
(p < 0.0001) C1-INH-HAE group compared to HCSO data. Regard-
ing neoplasms, the results are controversial: there was significantly
higher incidence in our C1-INH-HAE patients in the 25-34 years age
group (p < 0.0001), but significantly lower prevalence in the >75 years
(p = 0.0002) compared to HCSO’s data. These results are not influenced
by danazol taking. Prevalence of allergic diseases (p = 0.0048) and of
appendectomy (p < 0.0001) were significantly higher in the C1-INH-HAE
group compared to the Hungarian population.

Conclusions: We can conclude that in high proportion of the age
groups, hypertension, IHD and DM occur more rarely in the Hungar-
ian C1-INH-HAE patients, therefore regarding these diseases, brady-
kinin may have a protective role in C1-INH-HAE. Regarding CVD and
neoplasms, the results are controversial, while allergic diseases have
a higher prevalence in C1-INH-HAE. Reasonably, appendectomy
occurred with a higher prevalence in C1-INH-HAE patients according
to the misdiagnosis of this rare disease.
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Background: The International Hereditary Angioedema (HAE) Nurses
Organization (IHNO) is a global initiative, aims to help as many patients
as possible to lead independent and productive lives, advance the
quality of care in angioedema, and attain excellence in the nursing
treatment, focusing on the patients and their families.

All participating nurses have an extensive experience with all forms
of angioedema in specialty centers in their countries.The main pur-
pose of the organization is to increase the impact of expert nurses on
patient management and implementation of new treatment proto-
cols, in line with global practice parameters, which balances techno-
logical developments, social needs and economic considerations.
Methods: A new internet website was constructed specifically for the
IHNO.

The website will serve the following purposes:

1. Assist to develop consensus on global nursing treatment param-
eters.

2. Construct training programs directed at self-treatment with the
available intravenous and subcutaneous medications.

3. Raise awareness of this rare genetic disease among health-care

professionals.

Establish a global forum for discussions and exchange of ideas.

Publish presentations, posters and educational materials.

Academic and research publications in the field of angioedema

nursing.

Help to organize meetings and conferences.

Open section for patient education and training.

Publish results of new studies and advancements in the field.

Communicate with the Pharma to encourage clinical studies and

educational initiatives.

o Uk
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Nurses will be encouraged to register to the IHNO and receive infor-
mation through the website.

Conclusions: The new website will foster better communication
between the nurses, increase awareness of health-care providers and
other medical professionals and help the IHNO to achieve its pro-
claimed goals.

Page 15 of 36

0-27

Patient’s educational therapeutic program “EDUCREAK": fourth
year assessment

Isabelle Boccon-Gibod, Anne Pagnier, Audrey Lehmann, Laurence Bouillet
CHUGA, Grenoble, France

Correspondence: Isabelle Boccon-Gibod (iboccon-gibod@chu-greno-
blefr)

Allergy, Asthma & Clinical Immunology 2017, 13(Suppl 2):0-27

Introduction: The French National Reference Center (CREAK), licensed
in 2006 within the Rare Diseases National Plan has set up a diagnos-
tic and therapeutic network for HAE patients nationwide. Therapeutic
management is a serious challenge. In France, the Health Authorities
(HAS) and the National institute for health care prevention and edu-
cation has published a methodology guide devoted to structuring a
therapeutic education program for patients with chronic disease. HAE
is a chronic disease with unpredictable and severe acute attacks that
are potentially life threatening. Treatment has two main objectives:
treat acute attacks and limit their occurrence in the short and long
term. The acute treatment should be administered as soon as possi-
ble for better efficiency and patient safety. Self-administration should
be encouraged for greater patient autonomy and safety (reducing
delay to receive treatment injection). In 2012, the CREAK developed
a patient’s educational therapeutic program “EDUCREAK’, licensed by
Regional Agencies (ARS). This program allows patients and close family
or partners to acquire skills for greater autonomy and safety in day to
day disease management. At the end of the fourth year, this program
has been assessed successfully by the French Health Care Agencies.
Methods: A standard detailed educative approach was applied,
adapted to the specific problematic of HAE patients in relation to the
severity of the disease and quality of life (AE-QoL and HAE-QolL score
levels were assessed). In 2016, after 4 program’s years, questionnaires
were sent to HAE patients and Health Care Professionals, and patients’
educational records have been analyzed. The program was developed
in cooperation with patients: two referent HAE patients were included
in this approach and were active in the program development.
Results: This specific program has included 250 individual educational
visits or workshops per year. Four years after its institution, 93 patients
have participated in this program. Almost all patients and Health Care
Professional (HCP) Team have a positive perception of program useful-
ness for short and long term: disease awareness, better management
of the attacks and improvement of quality of life.

Conclusion: EDUCREAK program set up those 4 last years for HAE
patients has allowed a positive dynamic attitude for educational HCP
team with a project focused on the HAE patients. It improved patients’
quality of life, autonomy and safety.
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Background: A minimal set of variables to be recorded for hereditary
angioedema (HAE) attacks has been defined [1]. However, reporting
even these minimal requirements appears difficult for some patients,
often resulting in missing data or retrospective reporting. We hypoth-
esize that utilizing a user-friendly reporting platform in the form of a
smartphone application, will increase compliance and make real time
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registration easier. The primary purpose is to investigate real-life data
on attack duration and attack frequency.

Materials and methods: The study is a retrospective observational
study performed at HAE Centre Denmark at Odense University Hos-
pital. Data from the first three years of utilizing the application was
reviewed (September 2013-2016). A total of 69 patients had utilized
the application, all provided written informed consent to access data
from the application and medical records, and of these 44 fulfilled the
inclusion criteria: a verified diagnosis of HAE or acquired angioedema
(AAE) and at least 8 months of consecutive recording. Patients were
instructed to make entries when attacks commenced, when treatment
was initiated, and when attacks resolved.

Results: Forty-two patients had HAE, two had AAE. The 44 patients
recorded a total of 2156 attacks. Based on average attack frequency,
patients were classified as having a mild (<1 attack/month), moderate
(between 1 and 3 attacks/month) or severe (>3 attacks/month) disease
activity. Mean attack duration in mild, moderate and severe groups
were 23.0 h (£24.2), 22.0 h (£20.9) and 16.1 h (£15.1) respectively.
Time from attack onset to treatment in the mild, moderate, and severe
groups were 6.1 h (£12.9), 44 h (£12.0), and 1.5 h (+5.8) respectively.
In the mild, moderate and severe groups 72, 87 and 100% of patients
self-administered on-demand treatment respectively. Long-term
prophylaxis (LTP) was utilized by 17, 40, and 64% of patients in the
mild, moderate and severe groups respectively. In general men with
HAE had an attack rate 0.61 times that of women with HAE [P < 0.001,
95% Cl (0.51; 0.72)], when correcting for age at disease onset. For
every year symptom onset in HAE was delayed, attack rate decreased
by a factor of 0.97 [P < 0.001, 95% Cl (0.95; 0.98)], when correcting for
gender.

Conclusions: Attack duration was lower among patients with severe
disease activity, possibly due to proportionately more patients uti-
lizing LTP, better skills in self-administration, and early treatment.
Females and patients who presented symptoms early in life were
found to have increased attack rates.
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Background: Prevalence of Hereditary Angioedema is approxi-
mately 1:50,000 inhabitants. Latin America population in estimated
as 635,000,000, so we would expect 12,700 HAE patients. In 2013, less
than 5% of the patients had been identified. Misdiagnosis, difficult
access to biochemical tests and no access to therapy have been the
routine in developing countries. We organized a meeting, supported
by the Latin American Association for HAE (ALAeh), in order to update
our situation.

Methods: Physicians interested on HAE and its development in their
country were invited to present the identified patients.

Results: Thirteen countries reported 1603 cases (2F:1M). Excluding
Argentina, Brazil and Mexico, 144 patients were diagnosed in the other
10 countries in comparison with 35 previously reported in 2013, out
of 6 countries. Mean age at diagnosis is 29 years old although most
reported initial symptoms less than 10 years of age. Clinical symp-
toms were distributed as previously reported in other populations but
upper airways obstruction occurred in 1/3 of the patients. The accom-
plishment in Chile was extraordinary with a program that improved
from 4 to 51 confirmed HAE patients in 4 years (1:353,000). Ten out of
13 countries do not have access to on demand therapy.

Conclusions: Latin America doubled the number of HAE patients iden-
tified in the last 4 years. Moreover, most countries improved the diag-
nosis although on demand therapy is not accessible. The registry has to
be established in order to have accurate data from the Continent.
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Background: The painful and life-threatening hereditary angioedema
(HAE) attacks are associated with oedema leading to disability and
impairment in daily activities [1]. This is very stressful for patients and
their families and may be associated with anxiety and depression [2].
Here, findings from the subject-reported outcome measures in the
Phase 3 COMPACT study are reported.

Materials and methods: In this study, 90 subjects with HAE were
randomized to 1 of the 4 treatment sequences to receive 40 or 60 1U/
kg C1-INH(SC) twice-weekly for 16 weeks, preceded or followed by
placebo for 16 weeks. Analyses were carried out in those subjects
who provided at least one subject-reported outcome assessment
(Quality-of-Life [QoL] population). The exploratory analyses evaluated
subject-reported outcome measures at screening and post-treatment.
The measure, work productivity and activity impairment (WPAI) was
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assessed after 5, 8, 11, and 14 weeks of each treatment period while
the Hospital Anxiety and Depression Scale (HADS) and Treatment
Satisfaction Questionnaire for Medication (TSQM) measures were
assessed after 5 and 14 weeks of each treatment period. The absolute
mean/median values at each assessment during the active and pla-
cebo periods and the within-subject differences for each dose (and
both doses combined) of C1-INH(SC) versus placebo were calculated
for the individual domains of each measure at week 14.

Results: Absenteeism, Work Productivity Loss (WPAI) and Overall Sat-
isfaction (TSQM) domain scores reflected some impairment at base-
line. The baseline (HADS) Anxiety scores were in the high normal
range. Treatment with C1-INH(SC) (both doses combined; n = 58)
demonstrated treatment differences compared to placebo (mean
[95% Cl]) on the Anxiety HADS domain (—1.05 [—1.79, —0.31]) and
the WPAI domains of Presenteeism (—15.86 [—25.21, —6.52]), Work
Productivity Loss (—19.97, [—30.84, —9.10]), and Activity Impairment
(—19.83 [—27.28, —11.88]). Possible treatment effects of both doses of
C1-INH(SC) compared to placebo after 14 weeks were also observed
for TSQM Effectiveness and Overall Satisfaction domain scores.
Conclusions: Results of these exploratory subject reported outcomes
suggest that prophylactic C1-INH(SC) treatment may alleviate some of
the psychological and physical impairments due to HAE.
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Background: C1-INH-HAE is a rare disease with impairment in health
related quality of life (HRQoL) as measured by generic HRQoL ques-
tionnaires (SF-36, E5QD). We aimed to study HRQoL in adult patients
with C1-INH-HAE by means of generic (E5QD), symptom specific (AE-
Qol) and disease-specific (HAE-QoL) questionnaires.

Methods: The study was approved by Hospital La Paz Ethics Com-
mittee (PI-2297). Spanish patients >18 year. with C1-INH-HAE were
included. C1-INH-HAE activity was measured by HAE-AS (range 0-30).
HRQoL was measured by E5QD (range 0-1), HAE-QoL (range 25-135)
and AE-Qol (range (0-100). Data were entered into an excel database
and statistical analysis was performed using SPSS v. 20 for IOS.
Results: 58 patients (35 females, 60.3%; 23 males, 39.7%) were
included. Mean age was 45.6 & 14.1 year. Mean HAE-AS was 7.0 £ 4.6.
Mean HAE-QoL score was 100.8 + 25.8, whereas mean adjusted AE-
QoL score was 33.6 & 23.4. Mean E5QD value was 0.927 + 0.098. There
was a significant negative correlation between HAE-QolL and AE-QolL
scores (—0.897, p < 0.0001). The most affected dimension in HAE-QoL
was “perceived control over disease” and the least affected “treat-
ment difficulties” (with a 39 and 17% mean decrease with respect to
dimension maximum score). The most affected dimension in AE-QoL
was “fear/shame” (38.9 + 26.3) and the least affected “functioning”
(38.9 + 28.4).

There was a positive weak correlation between age and HAE-QoL
score (0.2965) (p = 0.024) and negative weak correlation between age
and AE-Qol score (—0.2399) (p = 0.072).

HRQoL was more impaired in females than males. HAE-QoL scores
(mean £ SD) were higher in males (107.8 £+ 20.3) than females
(96.2 4+ 28.2), whereas AE-QoL scores (mean + SD) were lower in
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males (27.5 £ 20.6) vs females (37.5 & 24.5), but without significant
differences. When studying HAE-QoL and AE-QoL domains the only
significant differences between males and females were regarding
“emotional role/social functioning” (p = 0.0397) and “mental health”
(p = 0.0462) dimensions in HAE-QoL.

C1-INH-HAE disease activity (HAE-AS score) was negatively correlated
with HAE-QoL (—0.704, p < 0.001) and E5QD (—0.622, p < 0.001) scores
and positively correlated with AE-QolL score (0.736, p < 0.001).
Conclusions: HAE-QolL and AE-Qol scores show a high and significant
negative correlation. Both HAE-QoL and AE-QoL had a moderate cor-
relation with C1-INH-HAE activity as measured by HAE-AS. Perceived
control over disease was the most affected dimension in HAE-QoL.
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Background: Hereditary angioedema (HAE) is known to affect health-
related quality of life (HR-Qol) [1, 2]. To better understand the impact
on HR-QoL of diseases with recurrent angioedema, like HAE, two
instruments, Angioedema Quality of Life (AE-QoL) and Angioedema
Activity Score (AAS) have been developed [3, 4].

Aim: To better understand the impact HAE has on HR-QoL in Swedish
adults, we used the new instruments AE-QoL and AAS in combination
with the generic HR-QoL instruments EuroQoL 5 Dimension 5 level
(EQ-5D-5L) and RAND-36.

Methods: All identified allegeable adults with HAE received a ques-
tionnaire with RAND-36, EQ-5D-5L, AE-QoL and AAS instruments. AAS
was filled in during 4 weeks. A questionnaire about medication and
sick leave was completed.

RAND-36 gives results in 9 dimensions from 0 to 100, where 100 is the
most favourable result [5]. EQ-5D-5L gives a value ranging from some-
times negative values to 1, where 1 is the best [6]. AE-QoL produces
results 0-100 in four dimensions, where 0 is the most favourable. The
AAS increases with the disease activity.

Results: Sixty-four adults (26 males and 38 females) between 18
and 91 years responded. Response rate was 48%. Females had sig-
nificantly lower HR-QoL than males measured with the RAND-36
instrument on two dimensions; general health, scoring 50 (females)
vs 75 (males), and energy/fatigue scoring 50 (females) vs 70 (males),
p < 0.05.

Sick leaves due to HAE were reported from 36 patients during 4 weeks,
9 had in median 2 (0.25-8) sick days and 27 had no sick leave. Patients
with sick leave reported impaired HR-QoL with EQ-5D-5L = 0.71 (0.1-
1.0) vs 0.88 (0.55-1.0) in patients with no sick leave. The correspond-
ing values for patients with sick leave or not were for AE-QoL = 53.7
(27.9-69.1) vs 25.7 (0-58.8) and the pain dimension of RAND-36 = 50
(12.5-57.5) vs 83.8 (32.5-100), p < 0.05.

Patients who reported any AAS had significantly more impaired HR-
QoL on all dimensions. The Spearman rank order correlation between
AAS and EQ-5D-5L was r(46) = —0.39, p < 0.05; between AAS and
the dimensions of AE-QoL, it ranged between r(46) = 0.44 and
r(46) = 0.75, p < 0.05. For AAS and the dimensions of RAND-36, the
correlations varied between r(46) = —0.26 and r(46) = —0.67, p < 0.05,
except for physical function.

Conclusion: Swedish females with HAE were more affected in their
HR-QoL than males. Impairment in HR-QoL correlated with sick leave
due to HAE and with disease activity, measured with AAS.
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Background: With every passing day, genotyping of subjects who
may suffer from hereditary angioedema (HAE) becomes more indis-
pensable in the clinical practice. The conventional approach to the
detection of disease-causing SERPING1 variants is time-consuming
and fraught with many pitfalls.

Materials and methods: A NGS custom platform (NGS-HAE) was
designed using the lon AmpliSeq ThermoFisher Scientific Designer®,
in order to analyze SERPINGT in its full length (all exons, introns, pro-
moter, 5’- and 3’-untranslated regions-UTRs). A 100% coverage of all
translated regions and UTRs was achieved with missing areas located
only in intronic regions (overall coverage ~ 83%). An intermediate ver-
sion of the platform analyzing up to 825 amplicons was also tested
aiming to examine its ability to detect copy number variations (CNVs).
Annotation of variants and CNVs analysis was performed by variant-
Caller v5.04.0® and lon Reporter software v.5.2% (Thermo Scientific).
Ninety-three conventionally typed DNA samples from HAE patients
carrying different SERPING1 variants (52 single nucleotide variants—
SNVs, 28 indels, 13 large defects) were blindly analyzed for the forward
validation of NGS-HAE, with reverse validation still pending.

Results: NGS-HAE results were concordant with conventional SERP-
ING1 typing in 88/93 cases (51/52 SNVs, 26/28 indels and 11/13 large
defects). Out of the five discrepancies observed, the conventional
approach had miss-assigned two substitutions as large defects, while
the NGS-HAE analysis algorithm was not able to identify one small
deletion and two nucleotide substitutions. Hotspot regions were intro-
duced in the variantCaller analysis for the detection of these three
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unidentified variants, elevating the concordance rate in regard with
SNVs detection to 100%. Moreover, in 12/28 indels nomenclature dif-
ferences were reported, with lon Reporter assignment verified by
Sanger reanalysis. Loss of heterozygosity of intronic mutations was
observed in 6/13 large defects, indicating the presence of large dele-
tions. CNV analysis resulted in the identification of CNVs of altered
extend in all samples bearing large defects as well as false positive
CNVs in samples bearing SNVs.

Conclusions: Our NGS custom platform represents a time- and cost-
efficient screening approach for SERPINGT typing that is valid for the
detection of the vast majority of disease-associated SNVs. Given that
conventional typing methods and workflows are highly dependent on
the users’ experience and knowledge, the NGS-HAE could be a useful
initial approach for detecting HAE-causing SERPING1 variants.
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Background: Hereditary angioedema (HAE) is a rare, autosomal domi-
nant disorder characterized by recurrent attacks of subcutaneous or
sub-mucosal oedema. Symptoms are extremely variable in frequency,
localization and severity. Laryngeal attacks are potentially life threat-
ening, the patients are at risk of suffocation during the attack.
Methods: The goal of this study was to analyse HAE attacks in
the Czech Republic (CR) between March 2012 to December 2016.
Data were collected from the Czech National Registry of Primary
Immunodeficiencies.

Results: The registry contains data of 150 HAE patients (females 81,
males: 69; HAE type | 86.7%, HAE type Il 13.3%), showing HAE preva-
lence 1.42 per 100,000 inhabitants. 2515 attacks in 119 (females: 65,
males: 54; HAE type | 86.6%, HAE type Il 13.4%) patients were recorded.
The potential triggering factors for HAE attacks included stress (9.2%),
trauma (7.1%) and infection (4.7%). However, in most attacks trigger-
ing factor was not identified (71.9%). The most frequent were abdomi-
nal attacks (54.7%) followed by peripheral oedema (33.8%). Laryngeal
oedema was presented in 10.6% of attacks. 20.9% attacks were com-
bined. Prodromal symptoms (most often erythema marginatum,
weakness or nausea) were reported by 13.6% of attacks. 2060 attacks
(81.9%) were actively treated (65.8% icatibant, 21.5% recombinant
C1-INH, 5.9% plasma derived, highly purified, nanofiltered C1 inhibitor
(pnfC1-INH), 0.5% plasma derived, nanofiltered pdC1-INH (nfC1-INH),
0.1% fresh frozen plasma, 4.2% increase in androgens dosage, 1.8%
increase in tranexamic acid dosage). Treatment had to be repeated in
312 attacks (15.1%). Hospitalization was necessary in 25 attacks (1.2%).
Emergency medical service (EMS) was used in 11 attacks (0.5%).
Conclusions: The analysis of HAE attacks gives further insight into
their course. Our results show marked clinical variability in HAE
patients. The fact that in more than 15% of attacks required repeated
treatment of single attack shows that although various therapeutic
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approaches are available, it is still difficult to choose the best thera-
peutic approach for a concrete patient.
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Background: Understanding triggers associated with angioedema
attacks can help towards a better recognition of impending attacks
and the implementation of preventive behavioral or treatment
measures.

Case presentation: A 34-year-old woman presented to our Outpa-
tient Clinic on December 2012 with a typical history of recurrent angi-
oedema attacks of various severity since her age of 14 years. A mean
frequency of 2.5 attacks per year was reported with involvement of her
hands, face, neck, tongue (twice) and abdomen. Stress and infections
had been recognized as triggering factors of these attacks. The clinical
picture had been attributed to food allergy and, although ineffective,
corticosteroids were administered systematically, continuously at least
for the last 10 years. Type | hereditary angioedema due to C1-inhibitor
deficiency (C1-INH-HAE) was diagnosed after the measurement of C4,
antigenic and functional Cl-inhibitor levels and the diagnosis was
confirmed by SERPINGT genotyping that revealed a novel, de novo
missense mutation (c.239C>G, p.A80G). On demand treatment with
human C1-esterase inhibitor (Berinert®) or icatibant (Firasyr®) resulted
in successful control of the attacks and great improvement of the
patient’s quality of life. A second pregnancy, 8 months after diagnosis,
aggravated the frequency and the severity of attacks but terminated
normally by on demand administration of human C1-esterase inhibi-
tor. Twenty-one months after the diagnosis of angioedema, the patient
suffered from a cervical lymphadenopathy and a diagnosis of Hodg-
kin's lymphoma was performed. The lymphoma was proved refractory
to an ABVD regimen (doxorubicin, bleomycin, vinblastine, and dac-
arbazine) administered initially along with radiotherapy due to local
disease as well as to the administration of nivolumab (PD-1 blocker)
that followed. Lymphoma diagnosis was followed by exacerbation of
angioedema. Especially, radiotherapy sessions were triggering severe
edema attacks at the sites of radiation, a fact that necessitated the pro-
phylactic administration of human C1-esterase inhibitor before each
session. Furthermore, the administration of nivolumab resulted also in
exacerbation of angioedema attacks, especially in abdomen.
Conclusion: Coincidence of C1-INH-HAE with Hodgkin's lymphoma
has not been reported as yet. However, the emergence of lymphoma
in this patient cannot be considered unrelated to such a long-standing
administration of corticosteroids. Radiation and nivolumab treatment
are reported as triggering factors of angioedema attacks for a first
time in the literature.

Consent to publish: Written consent to publish was obtained from
the patient.
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Background: Our previous studies have shown that, in patients with
C1-INH-HAE, SERPINGT mutations and the carriage of the F12-46C/T
polymorphism are independently associated with the age of disease
onset [1, 2]. Plasma kallikrein is involved in the cascade of bradykinin
production and activation of factor XlI, and the G allele of its S143N
(rs3733402) variant has been recently associated with less plasma kal-
likrein activity [3]. Our aim was to investigate the possible contribution
of the KLKB1-Ser143Asn polymorphism (rs3733402) in C1-INH-HAE
clinical phenotype.

Materials and methods: 218 type | C1-INH-HAE patients (age at anal-
ysis 37.03 + 18 years) from 100 European families (41 Hungarian, 32
Greek, 16 German, 11 Romanian) were studied. All patients were previ-
ously genotyped for SERPING1 and F12 variants. The KLKB1-Ser143Asn
polymorphism was detected by direct sequencing of exon 5. The pos-
sible associations of Ser143Asn polymorphism with the clinical fea-
tures, combined or not with the carriage of SERPINGT mutations and/
or the F12-46C/T polymorphism, were explored by the use of general-
ized estimating equations (GEE), an extension of the generalized linear
model that accounts for the within-subject correlations.

Results: 117 patients were genotyped as heterozygous, 57 as homozy-
gous for the A allele and 44 as homozygous for the G allele (allele fre-
quency: G = 47%, A = 53%). In a GEE linear regression model with age
at disease onset as dependent variable and adjusted for carriage of
the F12-46C/T polymorphism, the presence of the G allele of KLKBT-
Ser143Asn polymorphism was significantly associated with a delayed
disease onset by 4.4 years compared with patients carrying the A allele
(p<0.011).

Conclusions: The presence of the G allele of KLKB1-Ser143Asn poly-
morphism is an independent genetic factor strongly correlated with a
delayed disease onset in patients with type | C1-INH-HAE.
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Introduction: Angioedema due to acquired deficiency of ClInhibitor
(C1INH) (AAE) is an extra-rare disorder leading to bradykinin-triggered
angioedema episodes. AAE is frequently associated to B cell prolifera-
tion and the development of haemotological diseases, while inactivat-
ing anti-C1INH autoantibodies may be detected (AAE type Il) or not
(AAE type 1) in the patients’ plasma. Whether detectable or not, these
autoantibodies are thought to drive AAE physiopathology by turning
C1INH from an inhibitor into a substrate of plasma proteases FXII, FXI,
Kallikrein (KK), C1s, C1r and Tissue Plasminogen Activator, although
experimental evidence of this mechanism is only available for C1s.
Protease deregulation in AAE exhausts plasma C1INH and frequently
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leads to severe complement C1g consumption, both features being
diagnostic landmarks of AAE.

Objective: To analyze the clinical and biochemical characteristics of
12 AAE cases and the negative effects of anti-C1INH autoantibodies
on C1INH conformation, residual inhibitory activity on KK and C1s, and
contact system activation status in plasma.

Results: At the time of diagnosis, 10/12 of patients had low C1INH
levels, autoantibodies were initially detected in 6/12 and C1q was
undetectable in 9/12. Residual C1INH inhibitory activity was extremely
variable and did not correlate with the observed complement con-
sumption. Purified IgG from one patient dose-dependently induced
C1INH cleavage in the presence of KK. Moreover, among autoanti-
body-negative patients and by using a novel in-house ELISA assay, we
for the first time detected circulating C1INH:IgG or C1INH:IlgM in 5/6
otherwise autoantibody-negative and in all positive cases in our series.
Conclusion: The detection of plasma C1INH:lg complexes in autoan-
tibody-negative patients is clinically relevant and indicates that anti-
C1INH autoantibodies could be underestimated by conventional
screening methods and represent an additional diagnostic tool.
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Background: Hereditary Angioedema with C1 Inhibitor Deficiency
(C1-INH-HAE) is a rare inherited genetic disease characterized by
recurrent acute swelling episodes of the skin, gastrointestinal tract
and upper airways resulting from increased vascular permeability.
Reduced activity of C1-INH may result in an instability of kinin path-
way with the generation of bradykinin inducing in increased vascular
permeability. Bradykinin increases the release of nitric oxide and Vas-
cular Endothelial Growth Factor (VEGF) from endothelial cells. VEGF,
Angiopoietin 1 (Ang1) and Ang2 are released at sites of inflammation
and/or angiogenesis regulating vascular permeability.We have previ-
ously demonstrated that plasma concentrations of VEGF-A, VEGF-C,
Ang1, and Ang2 were higher in patients with C1-INH-HAE in remission
than in healthy controls. The level of these mediators was correlated
with severity of disease phenotype measured by number of attacks
per year [1]. There are no data on the role of vascular permeability fac-
tors during angioedema attack and in patients on prophylaxis. In this
study we analyzed plasma concentration of VEGF-A, VEGF-C, Ang1 and
Ang2 in patients with C1-INH-HAE, both in remission and during acute
attacks and we compared angiogenic factors plasma levels in patients
taking or not prophylactic treatment.

Methods: Ninety-four untreated patients and 29 patients undergoing
prophylaxis with attenuated androgens were studied. Then, we ana-
lysed 20 C1-INH-HAE patients in remission and during angioedema
attack. Concentrations of angiogenic (VEGF-A, Ang1, Ang2) and lym-
phangiogenic (VEGF-C) factors were evaluated by ELISA.

Results: We could not detect differences in the levels of the tested fac-
tors between untreated patients and patients undergoing prophylaxis
with attenuated androgens. However, these are preliminary data that
we plan to expand in a follow-up study.
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VEGF-A, VEGF-C and Ang2 levels were not modified during attack
compared to basal conditions. By contrast, Ang1 levels (a vascular sta-
bilizer) were increased during acute phase and the ratio Ang2/Ang1
(an index of vascular permeability) was decreased.

Conclusions: The results of this study show that the plasma concen-
trations of vascular permeability factors during acute attack changes
scenario compared to basal conditions. There is an increase of vascular
stabilizer and a decrease of index of vascular permeability. Moreover,
preliminary experiments suggest that the prophylaxis do not modify
vascular permeability factors concentration maybe because vascular
preconditioning is not influenced by androgens.
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Bradykinin (BK) and its receptors (BDKRB1 and BDKRB2 receptors) play
important roles in a wide variety of physiological and pathological
processes. As mediators of pain and inflammation, they exert a variety
of biological effects on endothelium and peripheral circulation.

The aim of our study is finding a distribution pattern of the both brad-
ykinin receptors on monocytes and lymphocytes CD4+ and CD8+ in
attack of angioedema and remission of the disease.

Method and material: Peripheral blood mononuclear cells (PBMC)
collected from 10 healthy volunteers (7 women and 3 men in the
age 20-62 year) and 10 patients with hereditary angioedema type
| in attack and remission of the disease (5 women and 5 men in the
age 26-50 year) were isolated. Subsequently, PBMC were stained to
distinguish: lymphocytes (anti-CD3, anti-CD4, anti-CD8), monocytes
(anti-CD14, anti-CD16, anti HLA-DR) and their expression of B1 (anti-
BDKRB1) and B2 (anti-BDKRB2) receptors and flow cytometry was per-
formed. Also the analysis of B1 and B2 gene expression by real time
PCR as a preliminary study was performed.

Results: We found the higher expression of BDKRB2 mainly on mono-
cytes during attack of angioedema compering to the remission and
to the reference group. The expression of BDKRB2 was highly variable
in lymphocytes CD4 and CD8 both during the attack and remission.
Expression of BDKRB1 was residual on both types of lymphocytes. The
expression of BDKRB1 detected on monocytes was at the same level in
both groups under the study. As preliminary results of gene expression
the presence of mRNA for B1 and B2 receptors in PBMC was observed.
Conclusion: In patients with HAE and in the reference group the
expression of BDKRB1 and BDKRB2 was detected both on monocytes
and lymphocytes.

The expression of BDKRB1 was low contrary to the expression of
BDKRB2, which was generally high in attack of angioedema. There
was a huge variation between individuals in expression of BDKRB2 on
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lymphocytes during attack while on monocytes the expression was
constantly elevated. Further studies will be performed to examine
expression BDKRB2 on lymphocytes and monocytes collected form
patients during HAE attack.
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Background: Hereditary angioedema type | is a genetic disorder pro-
voked by C1INH deficiency. The aim of the study was to find mutations
in SERPINGT and F12 in polish patients with hereditary angioedema
type l.

Materials and methods: The blood samples from 46 of adult patients
(33 females and 13 males, age range: 18-70 years old) were collected
for DNA isolation. Subsequently, SERPINGT and F12 coding sequence
were analyzed by Sanger sequencing method, respectively for 46 and
9 patients (Applied Biosystems®—3500 Genetic Analyzer).

Results: We found mutations in SERPINGT1gene in 26 /45 patients
(58%). Nevertheless, we expect more findings when our study will
be completed. In our data we found several not previously reported
pathogenic variants in SERPINGT gene. We additionally sequenced
F12 gene in 9 patients carrying a mutation in SERPINGT. In one case
we found a mutation in SERPINGT (exon 8) and a mutation in F12 gene
(exon 2). Specific pathogenic variants occurred in most cases in all
family members affected with HAE. All mutations in SERPINGT were
indicated in a heterozygous state. The increased frequency of patho-
genic variants was observed in 3rd and 8th exon of SERPINGT gene.
Conclusion:

1. Mutations in SERPINGI gene were presented in 58% symp-
tomatic patients with CIINH hereditary angioedema. In one
patient the mutation in exon 8 of SERPINGI gene was joined
with a mutation in exon 2 in F12 gene.

2. Mutations in SERPINGI gene were unique for every family with
hereditary angioedema. This information can be useful for future
targeted genetic testing for estimation of risk of familial re-occur-
rence of C1INH hereditary angioedema.
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Background: The C1-inhibitor (C1-INH) is the key regulator of comple-
ment and of contact systems and participates in the control of coagu-
lation and fibrinolytic systems. Measuring its serum concentration is
important in life-threatening angioedemas resulting from C1-INH defi-
ciency (C1-INH-HAE). The quantity of enzyme/C1-INH complexes in the
blood is possibly proportional to the level of the in vivo activation of
cascade-like plasma enzyme systems. However, simultaneous, parallel
determination of C1-INH-containing activation complexes has not yet
been accomplished. Accordingly, it is also yet unknown, which enzyme
predominates in the complexes formed with C1-INH during the edem-
atous episodes of C1-INH-HAE. Therefore, we aimed to develop a set of
sensitive, quantitative, sandwich ELISA assays for the determination of
FXI/C1-INH, FXII/C1-INH, C1s/C1-INH, and C1r/C1-INH complexes.
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Materials and methods: We developed ELISA assays using commer-
cially available antibodies specific to FXI, FXIl, C1s and C1r, as well as an
affinity-purified anti-C1-INH IgG produced by our laboratory. Similarly,
commercially available active FXIl, and FXI, as well as active recombi-
nant C1s, C1r and commercial plasma-derived C1-INH—further puri-
fied by ion-exchange chromatography—were used to generate the
complexes required for the standards. We checked the quality of the
complexes with SDS PAGE. The ELISA assays were tested on various
types of blood samples (serum, and plasma anticoagulated with EDTA,
citrate, hirudine, or EDTA+ protease inhibitor cocktail). The samples
were collected from healthy volunteers.

Results: The complexes were produced from molar equivalent quan-
tities of active enzymes and of C1-INH. In average 85.3% (70-96) of
the initial enzymes formed complex with C1-INH, based on SDS-
PAGE analyses. In each developed sandwich-ELISA assay the detec-
tion threshold was less than 0.01% of the plasma concentration of
the enzyme. The accuracy of the recovery of the complexes was 92%
(75.17-119) on average. Except C1r/C1-INH complex measurement,
the serum levels of the complexes were always higher than plasma
values. Intra- and inter-assay variation was 11.88% (7.51-17.55) and
15.18% (9.01-19.3), respectively.

Conclusions: We successfully developed a set of ELISAs for the sen-
sitive determination of various enzyme-inhibitor complexes, which
makes the simultaneous investigation of C1-INH-regulated activation
systems possible in C1-INH-HAE. This could greatly contribute both to
a better understanding of the pathomechanism of this disease, and
to the exploration of attackkinetics. In addition to C1-INH-HAE, this
method might prove suitable for studying other disorders related to
the impaired regulation of plasma enzyme systems.

Supported by: OTKA 112110.
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Background: Hereditary angioedema (HAE) due to C1 inhibitor
deficiency (C1-INH-HAE) is characterized by recurrent episodes of
disabling and painful swelling. Ruconest is a recombinant human C1
inhibitor that is approved for treatment of HAE attacks. A treatment
registry was established in Europe to review the adverse event profile
and efficacy of Ruconest following single and repeated treatment with
Ruconest.

Methods: Patients with C1-INH-HAE were enrolled following a deci-
sion to treat with Ruconest and after providing written informed
consent. Medical history and baseline HAE information was collected
at a screening visit. Treatment decisions were at the discretion of the
health care professionals (HCP) involved in the patients’ care according
to their standards for the management of C1-INH-HAE and in line with
the approved Ruconest summary of product characteristics. Following
treatment with Ruconest, the HCP entered data using a web-based
questionnaire about the attack, response to therapy, and any adverse
events.

Results: As of 28 February 2017, 45 C1-INH-HAE patients (18 male/27
female, ages 22-76 years) were treated with Ruconest in the registry
for 1351 attacks in 7 European countries.

The average age at diagnosis for these patients was 24 years (range
4-68). Prior to entry in the registry, these patients experienced an aver-
age of 30 HAE attacks in the preceding year. Of the treated patients,
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28.8% were on maintenance therapy/prophylaxis at enrollment. There
were 653 (48.3%) abdominal, 528 (39%) peripheral, 203 (15%)facial, 21
(1.6%) laryngeal, and 24 (1.8%) urogenital attacks, including 76 attacks
that involved two and one attack that involved three locations.

The mean Ruconest dose provided was 3268 units 43 U/kg (range
18-67 U/kg), patients reported relief within 4 h in 97.8% (1322/1351)
of the attacks. Almost all attacks (1349/1351, 99.8%) were treated with
a single dose of Ruconest. Two attacks treated with an initial dose of
2100 U (33 and 28 U/kg) received a second dose of 2100 U. No hyper-
sensitivity or thrombotic/thromboembolic events were reported. No
patients had any related serious adverse events.

Conclusions: The Ruconest treatment registry provides real-world
data on the treatment of 1351 HAE attacks that is consistent with pre-
vious reports on the safety and efficacy of Ruconest therapy.
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Background: Idiopathic systemic capillary leak syndrome (ISCLS) pre-
sents with recurrent potentially life-threatening episodes of hemo-
concentration and hypovolemic shock. Due to the rarity of the disease
(about 250 cases described) and to misdiagnosis, evidence based
approaches as well as validated protocols are still lacking.

Aim: To report our experience on the treatment of acute shock emer-
gency in patients with ISCLS.

Materials and methods: Analysis of records from 12 ISCLS patients (9
men), from a cohort of 22, admitted once or several times to hospital
for hypovolemic shock.

Results: Mean age at symptoms’ onset was 51.5 years (range 35-68).
ISCLS crises occurred with variable frequency (from 3 to 8), timing of
the acute phase (mean duration 3-4 days) and severity. Mean follow-
up was 6 years (1 month to 18 years).

Prodromal symptoms (identified in all subjects) consisted of: arte-
rial hypotension (11/12 patients), fatigue (10/12), oliguria (10/12),
worsening edema (9/12), weight gain (7/12), presyncopal/syncopal
episodes (6/12), abdominal pain (6/12), nausea, vomiting, diarrhea
(5/12), arthromyalgia (5/12), sore throat, dysphonia, cough (5/12), diz-
ziness (4/12), high temperature (4/12), thirst/polydipsia (3/12), head-
ache (2/12), diaphoresis (3/12), dyspnea (3/12), altered consciousness
(3/12), livedo reticularis (1/12).

The acute phase could develop very rapidly, with alteration of vital
parameters, mild to moderate alteration of consciousness and finally
distributive shock, with marked hypotension, tachycardia, oligoanu-
ria, edema (often with “stone-like” consistency, paresthesia or pain).
Blood tests always revealed high hemoglobin (highest recorded value
25.8 g/dl) and hematocrit (up to 72%), hypoproteinemia (minimum
serum albumin 9 g/L). IgG monoclonal band was present in all patients
without changes outsides and during shock.

Treatment was based on crystalloids (11/12 patients), amines (11/12);
10/12 patients were treated with small boluses of high molecular
weight plasma expanders (e.g. 250 mL bolus of colloids every 4 h),
7/12 steroids, 5/12 albumin, 5/12 diuretics, 1/12 methylene blue, 1/12
iv Ig. Long-term prophylaxis consisted of: verapamil (11/12), theophyl-
line (8/12), terbutaline (2/12), iv Ig (2/12).

Complications recorded were: acute renal failure (10/12), compartment
syndrome and neuropathy (7/12), rhabdomyolysis (5/12), myocardial
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edema (5/12), pericardial effusion (5/12), pleural effusion or abdominal
free fluid (4/12), cerebral involvement (2/12), acute pulmonary edema
(2/12), DVT (1/12). CVVH was performed in 4/12 cases, oro-tracheal
intubation in 1/12, fasciotomy in 1/12, ECMO in 1/12.

Conclusions: ISCLS may induce severe shock associated with
hemocencentration and hypoproteinemia.

Fluid replacement and amines should be minimized, with judicious
use of colloids to maintain adequate perfusion. Careful surveillance of
potential complications is warranted.
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Background: Recurrences of angioedema due to C1 inhibitor defi-
ciency (C1-INH-HAE) may have variable frequency and severity from
patient to patient and in the same patient throughout life. Stressful
events and hormonal changes may be triggers of attacks.

Aim of the study: To assess the hypothesis of a bidirectional cross-
talk/interplay between autonomic nervous system (ANS) modulation
and contact/complement system activation in the development of
angioedema attacks.

Materials and methods: 23 HAE patients (6 males, mean age
47.5 £ 11.4 years) during remission and 24 healthy volunteers (8
males, mean age 45.3 £ 10.6 years) underwent recording of ECG, beat-
by-beat blood pressure (BP), respiratory activity during rest (R; 10’)
and 75-degrees-head-up tilt (T; 10'), together with blood withdrawals
for C1INH, C4 and cleaved high molecular weight kininogen (HK). In
a subgroup of patients, plasma catecholamines were also evaluated.
Spectral analysis of heart rate variability allowed to extract low (LF)
and high (HF) frequency components, markers of sympathetic and
vagal modulation respectively.

Results: SAP was significantly higher in C1-INH-HAE patients than
in controls (134.0 & 19.0 vs 112.1 & 17.4 mmHg, p = 0.001 at R,
141.4 4+ 28.8 vs 121.7 = 17.3 mmHg, p = 0.01 during T), while only
in controls T induced a significant increase in mean SAP and SAP
variance.

LF nu increased significantly after orthostatic challenge in both groups
(69.7 £ 26.1 after T vs 57.7 £ 24.9, p < 0.05 in patients and 78.0 + 20.7
vs 51.5 £ 21.2, p < 0.01 in controls), but only in healthy subjects there
was a significant increase of LF/HF ratio, index of sympathovagal
balance.

As expected, plasma C1-INH antigen and function as well as C4 anti-
gen were markedly lower in C1-INH-HAE patients than in controls.
Both proteins showed a tendency to increase after tilt.

Noradrenaline was higher in patients at R and increased in both
groups after tilt test.

Cleaved kininogen (cHK), marker of contact system activation, was
increased in C1-INH-HAE patients compared to controls. Tilt test
induced a significant increase in cHK only in HAE patients (49.5 + 7.5
after T vs 47.1 £ 7.8% at R, p = 0.01 in patients and 40.0 £+ 6.1 vs
38.7 + 7.2%, p = 0.06 in controls).

Conclusions: Our data are consistent with an alteration of ANS modu-
lation in HAE patients, who present increased sympathetic activation
at rest and blunted response to orthostatic challenge. Tilt test-induced
increased HK cleavage suggests a link between stress and bradykinin
production.
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Background: Relationship of the timing of icatibant self-treatment
to demographic and treated-attack characteristics for patients with
hereditary angioedema due to Cl-inhibitor deficiency are poorly
understood.

Methods: Data from the Icatibant Outcome Survey was used to
evaluate early versus late icatibant self-treatment (patients with
median time-to-first injection <1 h versus >1 h from attack onset,
respectively).

Results: Of 270 patients analyzed, 105 (38.9%) had median time-to-
first injection <1 h (median [Q1, Q3] for 625 icatibant-treated attacks,
0.25 h [0.0, 0.5]) with no gender difference observed between early
and late treating groups. Early self-treatment varied across countries,
ranging from 69.6% (Germany/Austria) to 11.6% (France). Early treat-
ers vs late treaters treated attacks localized to skin, abdomen and
larynx at a similar rate (P = 0.6105, P = 0.3398 and P = 0.8219 respec-
tively). Similarly, no statistically significant difference between early vs
later treater groups was observed based on grouped attack severity
(very mild/mild/moderate vs severe/very severe; P = 0.164). Compar-
ing early versus late treatment, respectively, a significant reduction
(P < 0.001) in median (Q1,Q3) time to resolution [4.5 h (1.0, 11.5) ver-
sus 8.0 h (3.0, 24.5)] and attack duration [5.0 h (1.5, 12.0) versus 13.0 h
(6.0, 33.0)] was observed (243 patients; 1353 attacks with complete
information on time to treatment, time to resolution and duration of
attack).

Conclusion: Early treaters had shorter time to resolution and attack
duration compared to late treaters, possibly indicating the importance
of early access to icatibant in the face of HAE attacks. Differences in
local practice patterns, icatibant availability, and tendency of early
treaters to treat any symptoms without delay may drive prevalence of
early use across countries. These and other findings from this analysis
are hypothesis generating and should be further evaluated.
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Background and objective: There are only a few studies on treatment
given in pregnancy and breastfeeding in patients with hereditary
angioedema (HAE).
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The aim of this study was to describe the pattern of treatment in acute
attacks of angioedema during pregnancy and breastfeeding.
Methods: Retrospective analysis of data collected during pregnan-
cies and lactation of patients attended at the Allergy Department
of Hospital University La Paz by physicians specialized in the man-
agement of HAE. The following variables were collected: number of
attacks in the previous six months (T1), pregnancy (T2) and breast-
feeding (T3), severity of the attack, time to treatment administration,
time to onset of improvement, time to complete improvement, per-
centage (%) of improvement 4 h after and type of acute treatment
received.

Results: We reviewed 395 attacks of 13 patients, 18 pregnancies (2
abortions). There were no significant differences in the number of
attacks among T1, T2 and T3. The number of attacks in pregnancy
and breastfeeding was positively correlated (Pearson = 0.798,
p = 0.017). There were no differences in the percentage of acute
attacks treated with Cl-inhibitor concentrate (pdC1INH) between
the three periods. There were more acute attacks treated in T2
(68.9%) than in T1 (54.1%) (p = 0.044). Acute attacks were treated
earlier in T2 and T3 compared to T1, although without significant dif-
ferences (p = 0.327).

The time to onset of improvement was significantly different among
groups (p < 0.001) (T2 3.61 &+ 2.79) (T3 2.70 £ 2.45) (T1 5.54 &+ 6.41).
There were no differences in the time to complete improvement
(p = 0.179). The percentage of improvement after 4 h was higher in
T3 (57.0% =+ 34.2) than in T2 (40.1% = 33.5) (p = 0.007). The total dura-
tion of attacks was positively correlated with the time to treatment
administration (p < 0.001). Mean total duration of attacks was not sig-
nificantly different among groups (p = 0.980) (T1 29.28 + 15.42) (T2
29.81 £ 76.17) (T3 28.02 + 32.30).

Conclusions: This is the first study that provides data about treat-
ment outcomes in acute attacks during pregnancy and breastfeeding
in patients with hereditary angioedema. Time to onset of improve-
ment and percentage of improvement at 4 h in breastfeeding and in
pregnancy was shorter compared to the situation prior to pregnancy,
although further studies are needed to confirm these results.
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Background: The angioedema attacks due to C1 inhibitor deficiency
appear in the course of C1-INH hereditary angioedema (HAE) and
C1-INH acquired angioedema (AAE). The early onset of angioedema
attacks as well as positive family history are characteristic for HAE. In
most cases C1-INH HAE swelling attacks start in the first decade of life.
Contrary to HAE the late onset of angioedema attacks (>40 years) and
negative family history are characteristic for AAE.

Materials and methods: The aim of the study was to analyze patients
with late onset of angioedema attacks from the group of above 350
persons with angioedema attacks due to C1-INH deficiency registered
in our center.

Results: The late onset of angioedema attacks due to deficiency of
C1-INH was found in the group of 10 patients (2.9%) (Table 1). In 6
patients we confirmed AAE (group A) but in 4 cases we have no proof
of any other disease or abnormality and they are still under observa-
tion (group B).

Conclusions: Late onset of angioedema attacks due to C1-INH defi-
ciency may appear in patients with negative family history. Precise
work up and differential diagnosis with AAE is very important.

Clinical course of the disease in the group B is identical to HAE. We also
observed efficacy of treatment with C1 INH concentrates.
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Table 1 Patients with late onset of angioedema attacks due
to deficiency of C1-INH

Group A: AAE patients  Group B: no proof for AAE

No of patients 6 4
Female/male 4/2 3/
56 &£ 6 years 48 £ 6 years

2 patients—lymphoma, 1 patient—hypertension,
3 patients—other npl 1 patient—renal cysts
disease (liver, kidney, (autoimmunity and
breast), 1 patient—Lupus  allergy diseases excluded)
Erythematosus

The age of first onset
Other diseases

Max. frequency of attacks  3-4/year 3-4/year

The most frequent localiza- facial, laryngeal facial, laryngeal, abdominal

tion of the attacks

aC1INH 0.03-0.04 g/L 0.03-0.15g/L

fCTINH 1.9-55% 14-19%

C4 0.01-0.03 g/L 0.02-0.1 g/L

Clq 39-46 mg -

Treatment—positive 2 patients—remission of 4 patients—pdC1 INH, 1

response symptoms after chemo-  patient rC1 INH

therapy of lymphoma, 4
patients—pdC1 INH
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Introduction: Belarus is a country in Eastern Europe with a population
of 9464 million. About 100,000 children are born every year. For HAE
diagnostic we use algorithm, that was shown in review by Bowen et al.
Allergy, Asthma & Clinical Immunology 2010.

Materials and methods: During the diagnostic procedures, the levels
of C3c/C4 as well as the level of C1-INH are being determined (using
“Thermo Scientific Konelab Primer 60i” and “Dade Behring BN ProSpec”).
C1 function test and C1q test are carried out using “Infosheet Anthos
multimode fluorometer Zenyth 1100”.

Next, in case of HAE type | we sequence all exons of Serping1 gene
using “Applied Biosystems 3130 Genetic Analyzer”. In case of HAE type
Il we sequence three exons for finding one of this mutation in Serp-
ingl gene: c.84-138del55, p.le274Val, p.Gly429Arg, p.Val454Glu,
p.Arg456Glu, p.Arg458Thr(Arg), p.Arg465Val, p.Arg466Ser(His,Leu,Cys),
p.Thr467Pro, p.Val473Met, p.Phe477Ser, p.Leu481Phe(Arg),
p.Phe489Arg, p.Gly493Arg, p.Phe498Ser (information from https://
www.nextprot.org).

Results: Among 49 patients we find mutations in 24 persons (22 with
HAEI and 2 with HAE Il). All patients with HAE | have low levels of C1
and C4. Two patients with HAE Il have normal level of C1 and low level
of C4.

+  We find 9 splicing, 6 missense, 7 frameshift and 2 nonsense
mutations. 10 of them have been found that were not described
in the consulted database (http://www.ensembl.org/index.html),
but in general only 6 mutations didn’t mention in ensemble.org,
because we have duplicates of mutations.

¢ 4 small deletions affecting exon 3 (c.520-524delATCGC,
p.Ser173fs254X), exon 8 (c.1293delA, p.Leud30fs449X), exon
7 (c.1106delA, p.Glu368fs396X) and exon 5 (c.744-745delCA,
p.247Serfs255X) have been find. All of them are producing
frame-shifts leading to premature stop codons.

Page 24 of 36

+ 3 missense mutations were found affecting exon 8 (c.1478 G—A,
p.Gly493Glu and ¢.1397 G—A, p.Argd66His), exon 6 (c.1001
A—C, p.His334Pro).

+ 2 mutation that affects the splice acceptor site in exon 3
(c.550 + 2T—C) and in exon 4 (c.551-1 G—A) has been identi-
fied.

+ 2 nonsense mutations were found affecting exon 3 (c.289 C—T,
p.GIn97Stop and ¢.301 C— T, p.GIn100Stop).

« 2 patients with HAE II have the same mutation in 8 exon ¢.1397
G—A, p.Argd66His.

« 25 patients (19 children and 6 adults) did not show any alteration
in Serpingl gene, in 9 exon FXII gene, in 1 and 7 exon of ACE
gene, in 5 exon of KNGL1.

Conclusion: We found 6 mutations that didn't mention in ensem-
ble.org (c.520-524delATCGC, p.Ser173fs254X in exon 3; c.1293delA,
p.Leu430fs449X in exon 8; c.1001 A—C, p.His334Pro in exon 6 (Poly-
Phen 2—0.969); c.551-1 G—A in intron “-" of 4 exon; c301 C—T,
p.GIn100Stop in exon 3; c.744-745delCA, p.247Serfs255X in exon 5).
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Background: Hereditary angioedema (HAE) is a rare autosomal domi-
nant disorder affecting approximately 1/50,000 people [1, 2]. Patients
suffering from HAE show recurrent swellings of subcutaneous and
submucosal structures in various regions of the body. Bradykinin-
induced increased vascular permeability leads to edema formation.
Current therapy consists of C1-esterase-inhibitor (C1-INH), B2 brady-
kinin receptor antagonists or the kallikrein inhibitor ecallantide. In
most cases an on-demand therapy of acute attacks is sufficient, in
severe cases, however, a prophylactic therapy is needed. Therefore
C1-INH intravenously (IV) was shown to be safe and efficient.
Methods: We present the case of a patient with HAE-1 who was under
prophylactic therapy with C1-INH IV due to a high number of attacks
during on-demand therapy. An implanted port guaranteed a periodi-
cal and safe apply of the medication until the device had to explanted
due to an infection. Because of a bad vein status repeated IV applica-
tion failed. After stopping the prophylactic therapy he suffered from
recurrent and partially severe attacks again. Therefore we tried a sub-
cutaneously off-label use of 1500 IE C1-INH as prophylaxis over more
than one year.

Results: After a brief training session the self-application was easily
managed by the patient. Under the prophylaxis the number of attacks
was reduced from 4.33 to <1/month. No severe attack and none of
the upper airway was noticed. The quality of life measured by the AE-
Qol could be improved. The results were similar to those under the
approved IV therapy.

Discussion: Subcutaneous use of 1500 |IE C1-INH seems to be easy and
safe. In our case it showed similar effectiveness compared to the IV
therapy. No adverse events could be noticed. The quality of life meas-
ured by the AE-Qol could be approved. By learning a self-application
the patient gained independence. The results of this case seem prom-
ising, however bigger studies are needed to underline our findings.
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The anamnesis is the crucial first instrument for discerning bradykinin-
mediated from histamine-mediated angioedemas. Patients with onset
of angioedemas in late adulthood and no family history should be
considered for acquired angioedema (AAE) or late-onset hereditary
angioedema (HAE) with spontaneous mutations. Once specific drug
intake such as angiotensin-converting-enzyme inhibitors (ACE-inhib-
itors), angiotensin-ll-receptor antagonists (sartans) and dipeptidyl-
peptidase-4 (DPP-4) inhibitor in some oral antidiabetics is excluded,
a blood test for C4, C1-esterase inhibitor antigen (C1-INH-a) and func-
tion (C1-INH-f) should be performed. As levels for these tests are low
as well for HAE (type | and Il) as for AAE, levels of C1q can help discern
between the two pathologies. Two patients with late onset of brady-
kinin mediated angioedemas presented to our clinics. Both women,
aged 53 and 66, showed low levels for C4, C1-INH-a and C1-INH-f,
but only the younger had low C1q. AAE is known to be tightly corre-
lated to lymphoproliferative diseases, but also anti-C1-inhibitor-auto-
antibodies and other malignancies with subsequent consumption
of the factors mentioned above [1]. For this woman no malignancy
was known, oncological examination including PET-CT didn't reveal
any suspicious result, but she will undergo regular oncological visits.
About 14% of patients with AAE don’t show any correlated disease
[2]. The second patient had a history of breast cancer, splenomegaly
and a submucosal gastric formation suspicious for MALT-lymphoma,
an endoscopic biopsy was unsuccessful. Unexpectedly, levels for
C1q were normal and testing for anti-C1-inhibitor-autoantibodies
was negative. In literature there are reports about cases of AAE with
normal levels of C1q [3]. As the patient mentioned that her daughter
started having swellings, we had to re-consider HAE type | as diagno-
sis. Genetic analysis showed no mutation for SERPING-1 gene and the
daughter’s blood levels for C4, C1-INH-a and C1-INH-f were normal.
Even if HAE could not be excluded for sure, AAE has to be considered
as the most probable diagnosis. A new endoscopic biopsy of the sus-
pected MALT-lymphoma is already planned, as therapy of the malig-
nant disease can stop the symptoms of AAE. In the meanwhile, she
self-administers bradykinin B2 receptor antagonist for acute attacks.
C1q is an important marker to discern between HAE and AAE, espe-
cially if the correlation between AAE and lymphoproliferative diseases
is considered. Even with rarely normal levels of C1q, the diagnosis of
AAE should lead to clarify the presence of a malignant disease in order
to detect and cure it by time.

Consent to publish: Consent to publish was obtained from the
patients.
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Ukraine is undergoing a medical reform. The Ministry of Healthcare
started paying attention to patients suffering from the rare diseases.
A major obstacle to the HAE treatment is absence of medical guide-
lines. Medical community along with Ukrainian Association for HAE
patients are closely working on the HAE treatment guideline. Along
with it, other problems such as HAE diagnostics and access to medica-
tion must be also solved in order to create a quality of life for the HAE
patients in Ukraine. The study focuses on the organizational aspects of
the HAE diagnostic, access to medication and available treatment in
Ukraine.

The HAE prevalence is estimated 1 case per 50,000 persons. Presently,
in Ukraine a total of 49 patients (30 families) were identified; 47 adults
and 2 children with HAE. It suggests that around 811 patients are not
diagnosed and may not be treated properly especially for the acute
attacks. Further search for these patients should be performed. Moreo-
ver, a proper attention must be paid to the diagnosed patients. There
is no plasma-derived C1-inhibitor concentrate or other modern drug
available in Ukraine. The treatment available is tranexamic acid, hor-
mones, and fresh frozen plasma.

Objective: To identify all patients with HAE in Ukraine, to get for them
proper medical treatment and increase awareness about the disease
among the patients, doctors and the population.

Method: In cooperation with “Ukrainian association for HAE patients”
(soon to be officially registered) to screen the country via Centres for
Rare Diseases, various patient organizations to find the HAE patients.
With existing patients, to conduct meetings of patients and doctor(s)
to increase patients’ awareness about the disease, the symptoms and
the dangerous consequences if an attack is ignored, especially the
laryngeal one. To find a laboratory and financing for the blood tests to
diagnose HAE. To elaborate medical guidelines for the HAE treatment.
Also, to spread information through lectures, articles in popular maga-
zines and participation in TV programs.

Expected results: Screen the country for the HAE patients, increase
awareness about the disease among the population and get proper
diagnostic and medical care for the HAE patients. The risk of upper
airway obstruction underlines the importance of diagnosing the HAE
patients and increasing their awareness about life threatening situa-
tions that might occur.
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Background: Determining Cl-inhibitor (C1-INH) concentration is
necessary to the diagnosis of life-threatening angioedemas based on
C1-INH deficiency (C1-INH-HAE and C1-INH-AAE), as well as for the
differential diagnosis of other forms of angioedema. The current tests
cannot detect the small concentration differences found during the
exploration of the pathomechanism of the disease. Our aim was to
develop a quantitative, sensitive, sandwich ELISA assay, which would
be appropriate also for research purposes. This method would allow
studying the kinetics of C1-INH regulation by analyzing blood samples
from a C1-INH-HAE patient at different times during an angioedema-
tous attack.

Methods: We used our proprietary rabbit antiserum, as well as
the affinity-purified version of the latter (anti-C1-INH_4). We used a
human plasma-derived C1-INH concentrate and its ultra-purified form
(uC1-INH) to determine C1-INH concentration. We measured C1-INH
concentrations in serum obtained from 109 type | and from 11 type



Allergy Asthma Clin Immunol 2017, 13(Suppl 2):29

Il C1-INH-HAE patients Our result were compared with our previous
data based on radial immunodiffusion (RID) and functional (Quidel)
tests.

Results: We drafted a reproducible ELISA assay protocol. We
applied 0.025 pg/ml anti-C1-INH_¢ as coating; our detection anti-
body was 2.5 ug/ml biotinylated anti-C1-INH¢. Two-fold serial dilu-
tions in eight steps from 0.1 pg/ml of uC1-INH served as standards.
We minimized the background along with the sensitivity thresh-
old. The limit of detection was 0.4 ng/ml with a dynamic range of
1-100 ng/ml. We succeeded in re-measuring the uC1-INH samples
of 20 ng/ml concentration with 98% accuracy on average. C1-INH
concentration measured with our ELISA was significantly higher
than with RID in case of type | C1-INH-HAE patients and controls,
whereas it was significantly lower in type Il C1-INH-HAE patients.
ELISA and RID exhibited a moderate correlation with each other
(Spearman’s r = 0.3617, p = 0.0001), and both correlated with the
result of the functional test (r = 0.3952, p < 0.0001, and r = 0.5342,
p < 0.0001).

Conclusions: Using our anti-C1-INH_¢ and uC1-INH reagents, we
developed a high-sensitivity test, which can be readily implemented
also in laboratories where RID is not in routine use. Polyclonal anti-
bodies obtained from commercial sources may cross-react with other
proteins—this can be avoided by affinity purification. On one hand,
the substantial difference between the concentrations determined
by ELISA or RID may arise, in the case of RID, from a possible cross-
reaction. On the other hand, it suggests that ELISA might recognize
additional (e.g. inactive, complexed) forms of C1-INH present in the
samples from the patients.

Supported by: OTKA 112110.
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Objective: To describe the delay between first symptoms and diagno-
sis in a cohort of patients with hereditary angioedema (HAE) followed
up at a Reference Center in Rio de Janeiro, Brasil.

Materials and methods: A descriptive cross-sectional study with
prospective data collection of 138 patients followed up at a Brazil-
ian Outpatient clinic specializing in HAE, from 1989 to 2016. The
following parameters were evaluated: sex, age, age at onset of
symptoms, age at diagnosis, familial history and severity of HAE
attacks.

Results: Data from 138 patients, 97 (70.3%) females and 41 (29.7%)
males were collected. We found a preponderance of HAE with C1-INH
deficiency (HAE-C1-INH) (n = 107; 77.5%), followed by HAE with nor-
mal C1-INH (n = 31; 22.5%). Their average ages ranged from 12 to
77 years (mean age = 39.0 + 15.4 years). Time between early mani-
festations and diagnosis ranged from 0 (early diagnosis) to 61 years
(mean = 17.0 & 12.9 years). Familial history of HAE was observed in
89.9% of cases. Most of them (75.6%) had moderate or severe attacks.
Nineteen were asymptomatic (13.8%).

Conclusion: We found a long time between the early manifestations
and diagnosis of HAE, even in those patients with a positive familial
history. About 75% of cases presented moderate to severe symptoms.
Early diagnosis and successful treatment is critical to survival and to
improve quality of life. Screening of family members, including asymp-
tomatic individuals, improved the number of cases detected. The
delay until HAE diagnosis reflects the need of widespread information
about the disease among clinicians in order to decrease morbidity and
mortality.
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Background: Hereditary angioedema with Cl-inhibitor deficiency
(C1-INH-HAE) is characterized by recurrent angioedema mediated by
bradykinin release. Previous studies have found an increased factor
Xl activity in case of obese patients with hypertension. As factor Xl
activated contact system has a particular importance in C1-INH HAE,
our study aimed to investigate if there is any relationship between the
body mass index (BMI) and the number of edematous attacks.
Materials and methods: The 128 adult patients (75 females and 53
males, mean age 45 and 43 years, 22 females and 22 males took dana-
zol regularly) and 31 children (17 girls and 14 boys, mean age 11 and
12 years respectively) attended an annual follow-up visit in the Hun-
garian HAE Center. Their data has been registered in the Hungarian
HAE Registry. For those who are above 18 years old, we used BMI val-
ues, while in case of children the percentiles (defined by their BMI val-
ues) were taken into consideration. The patients were grouped based
on their BMI, gender, age and prophylactic treatment. We determined
the annual frequency of edematous attacks in accordance with BMl in
each group (underweight, normal, overweight, obese).

Results: The average BMI of adult patients was 25.95 which is just
above the lower border of the overweight category. There was no sig-
nificant difference among the BMI categories either in case of men or
women, however, by comparing the similar groups of the two genders,
we found that women had significantly higher number of edematous
attacks than men in all cases (except in the underweight category
because of the small number of patients).Higher number of edematous
attacks was observed in children with higher percentiles than 95%.
Patients who took danazol (attenuated androgen) suffered the similar
number of edematous attacks as those who did not take it regularly,
but the patients taking danazol as long-term prophylaxis, had signifi-
cantly higher BMI values (p = 0.001). Regarding the BMI values and the
average number of edematous attacks (yearly), there was no significant
difference between groups taking lower or higher doses of danazol.
Conclusions: According to our results, we can state that the BMI has
no impact on the frequency of edematous attacks. Women have more
edematous attacks than men. Children with lower weight are less
affected by the symptoms of C1-INH-HAE. Taking danazol on a regular
basis, results in significantly higher BMI values.
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Background: The pathomechanism of idiopathic nonhistaminergic
acquired angioedema (InH-AAE) is not yet fully understood. It is char-
acterised by recurrent angioedema without wheals. It is not easy to
diagnose this type of angioedema. InH-AAE is considered when no
other diagnostic criteria are fulfilled and recurrence could not be pre-
vented by antihistamine therapy. Our objective was to examine the
clinical characteristic of InH-AAE and to compare it to hereditary forms.
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Methods: We examined 46 patients with InH-AAE who received medi-
cal care in our center (Hungarian Angioedema Center) between 2009
and 2015. In these patients, we excluded histaminergic angioedema,
acquired angioedema related to angiotensin converting enzyme
inhibitor, Cl-inhibitor deficiency, and hereditary angioedema due
to a mutation of the coagulation factor XIl (FXI-HAE) as additional
diseases. We compared InH-AAE patients’ clinical parameters with 27
patients diagnosed with hereditary angioedema of unknown origin
(U-HAE) and with 73 patients diagnosed with hereditary angioedema
due to Cl-inhibitor deficiency (C1-INH-HAE).

Results: In the InH-AAE group, median age at the diagnosis was
41 years. Median age at onset of symptoms was 36 years. Compared
to that, in the C1-INH-HAE group, median age at onset of symptoms
was 13 years, and in the U-HAE group was 29 years. Additionally, 52%
of patients with InH-AAE, 59% of patients with C1-INH-HAE and 41% of
patients with U-HAE reported 12 or more edematous attacks per year.
When it comes to the localization of the symptoms, edema of the limbs
occurred in 92% of patients with CI-INH-HAE, versus 54% of patients
with InH-AAE, and 37% of patients in U-HAE. 67% of patients with InH-
AAE, and 59% of patients with U-HAE suffered edema of the face, but
only 15% of patients with C1-INH-HAE mentioned face edema. About
half of the patients (51%) with C1-INH-HAE, and only about % of the
patients with InH-AAE (28%) and with U-HAE (29%) reported edema
of the larynx. edema of the gastrointestinal tract occurred in 75% of
patients with C1-INH-HAE. However, in both, InH-AAE and U-HAE, only
about 20% of patients mentioned edema of the bowel.

Conclusion: It appears that clinical symptoms in the InH-AAE group
are different compared to the C1-INH-HAE group. Based on this, it can
be assumed that there are different mechanisms that contribute to the
onset of the edema. The clinical symptoms were similar in the case of
the InH-AAE and the U-HAE group which implies that the underlying
pathomechanisms are also similar in these two.
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Background: Conestat alfa, a recombinant C1-inhibitor (rhC1-INH) is
a novel therapeutic option for the acute treatment of hereditary angi-
oedema due to C1-INH deficiency (HAE-C1-INH).

Our aim was to continue to investigate the efficacy and safety of con-
estat alfa administered as acute treatment under real-life conditions to
relieve angioedema attacks in patients with C1-INH-HAE.

Materials and methods: We analyzed 376 edematous episodes
requiring acute treatment and occurring in 7 C1-INH-HAE patients. The
patients were treated at home with a dose 2100 U rhC1-INH per occa-
sion. The patients recorded the time of rhC1-INH administration; the
time to the onset of improvement and to the complete resolution of
symptoms; and noted any side effects. Symptom severity and patient
satisfaction were measured with a visual analogue scale (VAS).
Results: 165 HAE attacks occurred in abdominal viscera, 9 in the upper
airways, 174 in subcutaneous and 62 in multiple locations. RnC1-INH was
administered 85.0 (0.0-2910.0) [median (min-max)] minutes after the
onset of the attacks with a severity (upon injecting) of 60.0 (10.0-99.0)
on a VAS. Clinical symptoms improved within 60.0 (0.0-1320.0) minutes,
and the complete resolution of symptoms took 840.0 (60.0-4320.0)
minutes. The time between the onset of the attack and the administra-
tion of rhC1-INH correlated with the time that symptoms stopped wors-
ening (R = 0.2194, p < 0.0001), with the time that symptoms improve
(R =0.2575 p < 0.0001) and with the time to the complete resolution of
symptoms (R = 0.3512, p < 0.0001). Second and third injection of rhC1-
INH was administered in 11 and 1 attacks respectively, because symp-
toms did not improve or resolve completely. In seven cases, rhC1-INH

Page 27 of 36

was administered with the aim of prevention before dental procedure.
Neither of the cases were followed by edematous attack.

None of the patients experienced a recurrence of the attack, or drug-
related systemic adverse events. The mean VAS score of patient satis-
faction was 93.1.

Conclusions: Home treatment with rhC1-INH was an effective and
well-tolerated therapy for all types of HAE attacks. Early treatment of
attacks resulted in the better outcomes.

P-25

Canadian physician survey on the medical management

of hereditary angioedema

Lisa Fu', Amin Kanani?, Gina Lacuesta®, Susan Waserman®, Stephen
Betschel'

'Department of Medicine, Division of Clinical Immunology and Allergy,
University of Toronto, Toronto, ON, Canada; 2Division of Allergy

and Immunology, Department of Medicine, University of British
Columbia, Vancouver, BC, Canada; 3Department of Medicine, Dalhousie
University, Halifax, NS, Canada; “Division of Clinical Immunology Allergy,
McMaster University, Hamilton, ON, Canada

Correspondence: Lisa Fu (lisa.wy.fu@gmail.com)

Allergy, Asthma & Clinical Inmunology 2017, 13(Suppl 2):P-25

Background: Hereditary angioedema (HAE) is a rare disease that
has significant morbidity and may be potentially fatal due to airway
obstruction. Our study aimed to determine how Canadian physicians
diagnose and treat HAE.

Methods: A survey was designed to determine HAE practice patterns
amongst Canadian physicians who treat HAE. These physicians were
identified by sending the survey to members of three physician organ-
izations (Canadian Hereditary Angioedema Network, Canadian Society
of Clinical Immunology and Allergy, Canadian Hematology Society)
whose members were thought to most likely treat HAE patients.
Results: Thirty-six physicians responded to the survey. The majority of
referrals to HAE treating physicians were from family and emergency
physicians. The most common sites of swelling reported by patients
to physicians were facial, peripheral and abdominal. Facial, abdomi-
nal and laryngeal swellings were reported to impact the patient’s
quality of life the most. 20 out of 35 respondents reported they used
an attack diary to monitor patients. A mean of 53.9% of HAE-Type 1
and Il patients and 53.4% of HAEnC1INH patients were on long term
prophylaxis. A mean of 43.8, 18.8 and 93.8% of respondents had
some patients on danazol, tranexamic acid and C1-inhibitor respec-
tively. Within this group, there was a mean of 24.4, 34.2, and 79.6% of
patients on danzol, tranexamic acid and C1-inhibitor respectively.

The majority of physicians felt severity and frequency of attacks were
the most important determinants in deciding when to use prophylaxis.
A mean of 86.1% of physicians used C1-inhibitor to treat acute attacks
and 77.8% used icatibant. A mean of 91.4 and 94.3% of respondents
felt very or extremely confident using C1-inhibitor for prophylaxis and
for acute attacks respectively. A mean of 71.4% of physicians felt very
or extremely confident in using icatibant.

A total of 35/35 respondents were aware of HAE guidelines, 33/35 used
the guidelines to manage their patients. Respondents felt a further need
for guidance when managing HAE in pregnancy and pediatric patients.
Conclusions: Physicians are using guidelines to support their practice,
and using agents suggested by guidelines with confidence. C1-inhibi-
tor is being used widely for prophylaxis, as well as acute treatment of
attacks along with icatibant. However certain special patient popula-
tions may require additional focus in future guidelines.
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Background: Hereditary angioedema is a rare autosomal dominant
disease caused by Cl-inhibitor deficiency (C1-INH-HAE) with symp-
toms of recurrent oedema attacks in different regions of the body.
Abdominal C1-INH-HAE attacks are often mistakenly diagnosed as
food intolerance, irritable bowel syndrome, and appendicitis, among
others. Here we aim to bring attention to the reverse situation: symp-
toms of other conditions may be confused with C1-INH-HAE attacks.
Two case reports are presented to illustrate this situation.

Materials and methods: Two patients, a 10-year old boy and a 54-year
old woman, with C1-INH-HAE were followed for symptoms and clinical
cause of the disease. All attacks, treatment, and response to treatment
were documented in patient diaries. In both patients, pdC1-inhibitor
(C1-INH) replacement therapy was generally well tolerated and effec-
tive. When the frequency of abdominal attacks increased considerably
without any obvious triggers, the symptoms could be temporarily
managed by additional doses of C1-INH concentrate. Relief was only
short-lasting and repeated dosing was needed. To assess the cause
of the sudden increase in frequency of abdominal attack oedema,
C1-INH-testing, gastroscopy, colonoscopy, and metabolic tests were
conducted.

Results: C1-INH testing was negative in both cases, with C1-INH lev-
els after infusion within the expected ranges. Further examinations for
the boy revealed a fructoseintolerance. Under a specific diet, the fre-
quency of abdominal symptoms decreased back to what it was before.
The gastroscopy for the woman revealed gastritis. With administration
of pantoprazole 40 mg, the high-frequency abdominal pain stopped
and her disease was now again well-controlled with her usual C1-INH
replacement regimen.

Conclusions: These two case reports show that with a diagnosis of
C1-INH-HAE, symptoms of other conditions may be misinterpreted as
oedema attacks. It is therefore important to instruct patients to seek
medical advice if the frequency of their attacks increases unexpectedly
and their otherwise effective C1-INH-HAE therapy fails to provide last-
ing relief.

Consent to publish: Consent to publish was obtained from the
patients mentioned in this abstract.
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Background: Hereditary angioedema due to Cl-inhibitor (C1-INH)
deficiency (C1-INH-HAE) is characterized by recurrent, self-limited,
edematous attacks. C1-INH deficiency leads to uncontrolled activation
of the complement- and kallikrein-kinin systems, resulting in brady-
kinin release. For the first time, we studied the kinetics of C1-INH and
other complement parameters, as well as their role in a self-limited
edematous attack in a C1-INH-HAE patient.

Materials and methods: We monitored the severity of the symptoms
during the entire observation period, i.e. at baseline, in the prodromal,
and during-attack stages, and at complete resolution. Twelve blood
samples were obtained from the patient, and five were collected from
a healthy control during a 24-h period. We measured C1-INH concen-
tration and activity (C1-INH__,), C1(q,s), C3, C4, C3a, C4a, C5a and
SC5b-9 levels.

Results: After a 24-h symptom-free period and another 19-h prodro-
mal period, the patient had a 29-h-long edematous attack in multiple
locations, and was followed up for another day. The highest C1-INH_, ,,
C4, and Ci(q,r,s) levels were measured at baseline, and their con-
tinuous decrease was observed during the 96-h observation period.
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C1-INH, was 0.033 g/l at the onset of edematous attack. C4 level was
depleted when edematous symptoms reached the maximum severity
and stayed excessively low level also after the complete resolution of
symptoms. Compared to baseline, C4a level was four times higher 18 h
before the onset of the attack. The levels of other complement activa-
tion parameters were lower than the control values, which remained
consistently stable.

Conclusions: The concentration and activity of C1-INH decreased pro-
gressively before edematous attack. Interestingly, we could not detect
any increase of C1-INH after the spontaneous resolution of the attack.
This suggests that factors other than C1-INH may be important in the
resolution of edematous attacks. C4a may be a useful biomarker for
the prediction of edematous attacks.

Consent to publish: Both subjects gave written informed consent for
the publication.

This study was supported by the grants OTKA 112110 (LV) and by the
UNKP-16-3 New National Excellence Program of the Ministry of Human
Capacities”.
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Background: Hereditary Angioedema is a rare disease with C1 inhibi-
tor deficiency (HAE-CTINH). It has been described that the initial pres-
entation of symptoms varies from 4.4 to 18 years, with mean age of
ten years. Furthermore, the presentation of the first attack at early age
is related to a severe course of the disease with more frequency and
severity of the attacks [1].

In our country there are no publications about the prevalence and clin-
ical presentation of hereditary angioedema in paediatric population.
We present the paediatric population from The National Institute of
Paediatrics (INP) with hereditary angioedema.

Results: We report 14 cases with clinical and laboratory diagnosis of
hereditary angioedema, from the Hereditary Angioedema Clinic in the
Allergy Department at INP. They are now 13 months to 18 years old
of age, 92.8% have family history, suggesting 7.14% with novo muta-
tion; 64% are women (3 of them are presumably C1-INH normal and
no FXII mutation type), and 78% are type |. The mean age of the first
attack was 2 years and 6 months, the median age was also 2 years and
6 months old, and the earliest age at initial symptoms was 2 months
old. The mean age at diagnosis was 7 years. 86% of patients had cuta-
neous involvement, 64% had gastrointestinal symptoms at any time
since diagnosis and 64% had laryngeal involvement at least once, with
the youngest patient at 2 months of age for laryngeal symptoms (con-
fused as a whipping cough reactivation every month until the spe-
cific treatment). One patient reported an asthmatic-like attack, which
improved rapidly after infusion of plasma derived C1-INH. 50% of
our patients have used plasma-derived CI-INH at least once for acute
attacks only. Because of the poor availability of this treatment, 43% of
patients were treated with nadroparin for acute attacks, with success-
ful improvement of the symptoms. We do not use danazol in children
because the adverse effects reported in this population. No deaths
have been reported in paediatric patients at our Institution.
Conclusions: Misdiagnosis is common in paediatric population,
especially in those with initial gastrointestinal symptoms or atypical
manifestation as asthmatic-like attack. Subcutaneously administered
Nadroparin has been reported to be effective for symptoms resolu-
tion [2], however it is not recommended in current guidelines. As there
is poor availability of plasma derived C1-INH in our country, further
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studies on nadroparin are needed to establish it as an alternative
treatment.
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Background: Hereditary angioedema (HAE) belongs to the inherited
defects of complement system with unique characteristics which sep-
arate it from the whole group of primary immunodeficiencies. Due to
better understanding of pathophysiology of oedemas development,
novel therapeutic strategies were developed. The availability of dif-
ferent therapeutic options differs among various countries. Recently,
based on the national survey, 94 living patients with HAE in Slovakia, a
country in eastern central Europe with population over 5 million peo-
ple, were found and identified.

Methods and patients: The national study about the number of HAE
patients and their selected characteristics was performed through the
questionnaire-based survey in out-patient clinics for allergy and clini-
cal immunology. The study was conducted by Center for HAE in Uni-
versity Teaching Hospital in Martin. Current management approaches
and selected characteristics of the HAE patients were analysed.
Results: Our group consisted from 94 living patients with HAE (aged
37.52 years; 55% males) from 42 families. The most prevalent form
was HAE type | (86%), followed by HAE type Il (9%) and type Il (5%).
The majority of the patients was managed in two National Centers
for Hereditary Angioedema (Martin, Bratislava), however, a small pro-
portion of HAE patients has not been referred to the centers. Typical
clinical presentation in the majority of the patients (67%) was char-
acterised by the combination of various symptoms (skin, gastrointes-
tinal, laryngeal, and genital). Isolated skin symptoms were found in
17%, isolated gastrointestinal in 7% and isolated laryngeal angioede-
mas only in 3% of the patients. Six patients were still asymptomatic.
Erythema marginatum was presented in 13% as a prodromal sign of
ongoing attack. The mostly used prophylactic therapy was attenuated
androgen (in 44% of patients), followed by tranexamic acid (in 13%)
and C1-INH concentrate (either human or recombinant) in 2% of the
subjects. However, 39% patients remained without any prophylactic
therapy. In 15 patients, various forms of thrombophilia was confirmed,
which excluded the used of anti-fibrinolytics. Despite current guide-
lines, 30% of the patients used as a rescue therapy androgens. 26%
were equipped by icatibant, 23% with pd-C1-INH and 21% with rh-
C1-INH. Molecular diagnosis was performed in 69% of patients and 12
new, previously non-described mutations were detected.
Conclusions: Since the first publication of HAE series from former
Czechoslovakia [1], this is the first report about the current situation
in HAE prevalence and management in Slovakia. Our survey detected
expected number of the patients with the estimated prevalence of
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1:57,700 and revealed some problems in the management of HAE
patients.
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Background: Hereditary angioedema (HAE) is a serious condition that
may not only lead to fatal laryngeal edema attacks but also disfiguring
swelling episodes, severe abdominal pains and unnecessary surger-
ies, which disrupt health-related quality of life (HRQoL) considerably.
Therefore, the aim of this study was to assess and report the HRQoL in
Iranian HAE patients for the first time.

Materials and methods: Patients suspected of having HAE referred
(2006-2016) to Immunology, Asthma and Allergy Research Institute
(IAARI) were fully evaluated after signing informed consent. Those with
a definite diagnosis of HAE entered in the Iranian HAE registry (IHAER).
Registered patients older than 15 years completed Iranian validated
version of 36-item Short-Form Health Survey (SF-36) [1], which is a
general quality of life instrument measuring 8 health-related concepts:
Physical Functioning, Role Limitations due to Physical and Emotional
Problems, Bodily Pain, General Health, Vitality, Social Functioning, Per-
ceived Mental Health, and also Health Transition.

Results: Out of 63 eligible registered patients 41 (female = 24,
male = 17) with the mean age of 37.60 + 12.2 were enrolled in this
study, while 22 patients could not be contacted due to a change of
domicile, emigration or death (2 cases). The SF-36 showed a reduction
in General Health in patients with HAE when compared with healthy
Iranian population [1]. Men had better scores in all domains, which
was significant in Physical Functioning (p = 0.001). Mean scores of
eight domains ranged from General Health (61.62) to Physical Func-
tioning (88.37) (Table 1). Mean physical and mental status scores were
75.5 and 69.17, respectively. 56% of patients reported better health
condition compared to one year ago.

Conclusions: Low score of General Health in Iranian HAE patients
despite rather good scores in physical domains might indicate the
strong impact of mental/emotional domains like depression and nerv-
ousenss on quality of life. HRQoL in female patients seem to be more
affected by HAE, which could stem from higher importance of physical
appearance and emotional susceptibility in this group, and other soci-
ocultural factors. This study shows HAE patients are suffering a lower
HRQoL because of their medical condition, which is even exacerbated
by other factors including: (1) misdiagnosis, mistreatment and delayed
diagnosis owing to rare nature of HAE; (2) not having easy access to
guideline-based emergency/prophylaxis treatments especially in
developing/underdeveloped countries. However, improvement in
health condition of Iranian HAE patients within the last year might be
the result of IHAER efforts to ameliorate awareness and facility for this
disease.
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Table 1 Scores of SF-36 domains in 41 Iranian patients with HAE

SF-36 health-related domains Mean + SD

Physical functioning 88371297
Role limitations/physical 72.56 +£35.70
Role limitations/emotional 6747 +£39.07
Vitality 62.25+ 1836
Perceived Mental Health 6840 + 16.94
Social functioning 77.18 £23.32
Pain 7323 +£24.78
General health 61.62 £+ 24.81

Reference

1. Montazeri A, Goshtasebi A, Vahdaninia M, Gandek B. The Short Form Health
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Background: Hereditary angioedema (HAE) is a rare and potentially
life-threatening disease. No data has been published about HAE in
Bulgaria.

Method: Our aim was to identify the clinical characteristics and
therapeutic modalities of HAE within a cohort study of the Bulgarian
population.

Results: The number of patients diagnosed with HAE was 70 (26
HAE families): 38 female (54.3%) and 32 (45.7%) male, calculating the
prevalence of the disease to be 1:103,785. The distribution of families
between HAE Type 1 and 2 was: 21 (81%) vs. 5 (19%). Family history
was present in 55 subjects (78.5%), while de-novo mutation was pre-
sumed in 15 (21.5%). Age-related characteristics and age distribution
in groups are presented in Tables 1 and 2.

Table 1
Age Age at Age at Diagnosis Follow-up
(n=61) onsetof diagnosis delay (n = 45)
symptoms (n=45) (n=45)
(n =49)
Mean, years42 (£2.5) 111 (£1.6) 225 (£26) 11.2(£22) 213 (£2.1)
(£SE)
Range 3-82 1-50 2-70 0-62 1-46
Table 2
Age of first HAE 0-10 years 11-20 years >21 years
symptoms
(n=49)
No of patients 31 (63.3%) 15 (30.6%) 3(6.1%)

Family history of HAE related death was reported in 37 patients (53%).
Based on the frequency of attacks patients are grouped in 5 categories
(n = 53) (Table 3).
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Table 3

Asympto-  0-1 attacks/ 2-4 attacks/ 5-9 attacks/ >10 attacks/
matic month month month month
4(7.5%) 4 (7.5%) 23 (43.4%) 14 (26.5%) 8 (15.1%)

The location of attacks data is presented in Table 4.

Table 4
Peripheral Facial AbdominalLaryngeal Urogenital
(n=70) (n=62) (n=61) (n=59) (n=49)
Yes 68 (97.2%) 58(93.5%) 56(91.8%) 37(52.8%) 28(57.1%)
None 2(2.3%) 4 (6.5%) 5(82%) 33(47.2%) 21 (42.9%)

Treatment modalities are presented in Table 5.

Table 5
AndrogensFFP (past) Andro- Clinh Clinh self-
(past) (n=53) gens- ondemand admin-
(n=49) ongoing (n=60) istration
LTP (n=70)
(n =65)
Yes 20 (40.8%) 40 (75.5%) 5 (7.7%) None—5 No 67
(8.3%) (95.7%)
None  29(59.2%) 13 (24.5%) 60 (92.3%) pdClinh 8 Yes 3 (4.3%)
(13.3%)
rhClinh 47
(78.3%)

Conclusions: HAE is a rare disease and the diagnosis is often delayed.
The overall characteristics of Bulgarian HAE patients do not show
major differences from other reported populations. Frequency of
attacks is reported to be rather high in the Bulgarian cohort. Treatment
options were limited in the past, while nowadays the great majority of
patients have access to Clinh concentrate.
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Background: Different forms of angioedema occurring without
wheals have been classified (Cicardi et al. Allergy 2014;69:602-16),
data on each form are minimal and have never been collected system-
atically.Our aim is to gather in a single registry clinical and laboratory
data on the various forms of angioedema, providing better characteri-
zation to improve diagnostic and therapeutic approaches.

Materials and methods: Starting from an Italian database of patients
with C1-INH-HAE provided by the Italian network ITACA, a web based
multi-center registry was created with the support of the Italian HAE
Association. The registry was built to include patients with acquired
(idiopathic histaminergic, idiopathic non histaminergic, associated
to ACE-inhibitor, acquired with Cl-inhibitor deficiency) or hereditary
angioedema (with Cl-inhibitor deficiency; with normal C1-INH and
mutation in Factor Xl or of unknown origin). The following data are
collected: patients’ personal and demographic data; clinical and labo-
ratory characteristics; major comorbidities; angioedema treatments;
location, duration, severity and treatment of angioedema attacks and
prophylaxis. The registry has also functionalities to support patient’s
follow-up and a continuous improvement of quality and completeness
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of data. In November 2016 representatives of angioedema centers
from 18 counties (Serbia, France, Spain, Italy, Hungary, Greece, Mac-
edonia, Brazil, Romania, Mexico, Colombia, Canada, Greece, Poland,
Bulgaria, Poland, Bulgaria, Canada) met in Sofia (Bulgaria) to switch
the registry from national to global. At this writing changes are ongo-
ing to move the registry under the umbrella of the International HAE
association. It presently contains 937 entries from Italy, the number is
expected to rapidly grow with the contribution of centers from other
countries. The governance of the registry will be in charge to a com-
mittee where all centers and patients’ supporting groups are rep-
resented. The technical handling is provided by the data managing
society Cloud-R s.r.l, which developed the new registry on the cloud.
Thanks to the application architecture of the registry, patients will be
able to directly provide part of the information and to retrieve indi-
vidual data via web or mobile. Centers will own and will be able use
the data they provide. The committee will manage aggregated data
and will release periodic outputs. Data will be available for health and
regulatory agencies according to the law.

Conclusions: The first disease registry for different forms of angi-
oedema has been built. It is open globally, scalable, secure and it will
provide prospective data to expand the understanding of the disease
and to improve the standard of care.
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Introduction: Hereditary angioedema due to C1 inhibitor deficiency
(C1-INH-HAE) is a rare, oftentimes misdiagnosed disease, with conse-
quent delays in diagnosis and associated morbidity. We analyzed patient
data from the Icatibant Outcome Survey (I0S) to evaluate the relation-
ship between patient age (birth date) and both age at diagnosis and
delay in diagnosis (time between first symptom onset and diagnosis).
Methods: The [0S is an international, observational study
(NCT01034969). Data were collected from 12 countries between July
2009 and January 2017. Study participants provided written informed
consent. Patients with a family history of C1-INH-HAE who were diag-
nosed before their first symptoms were excluded from analysis. To
avoid potential bias inherent in the data collected from the youngest
generation (time to diagnosis is limited by their age), only patients
born before 1990 and diagnosed before 25 years of age were included.
Linear regression analyses were performed.

Results: Of 685 patients with C1-INH-HAE type | or Il in the IOS as of
January 2017, 250 patients were included in the analysis. The median
age at diagnosis was 16.7 years and the median delay in diagnosis was
2.6 years. When analyzed by year of birth, the median age at diagnosis
declined over time, being 20.2 years in patients born from 1950-1960
and 15.4 years in patients born from 1980-1990 (P = <0.0001; Pear-
son correlation coefficient, r = —0.2659). There was also a reduc-
tion in diagnostic delays, being 7.0 years in patients born from

Page 31 of 36

1950-1960 and 1.4 years in patients born from 1980-1990 (P = 0.0029;
r=—0.1874;Table 1).

Conclusion: Although delay in diagnosis of patients with C1-INH-HAE
has improved over time, there remains a need to raise awareness of
HAE.

Table 1

Year of birth N Median age at diagnosis, Median delay
years (interquartile range) in diagnosis, years

(interquartile range)

1950 < 1960 24 202 (18.96-22.17) 7.0(0.25-13.59)
1960 < 1970 59 18.1(14.46-20.38) 6.0 (0.46-14.63)
1970 < 1980 70 13.7(7.79-19.30) 24(0.13-5.63)
1980 < 1990 94 154(8.71-18.80) 1.4 (0.00-5.96)
All 250 16.7(10.05-19.79) 2.5(0.05-9.71)
P value <0.0001 0.0029

r —0.2659 —0.1874
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Background: Hereditary angioedema (HAE) is a rare genetic disor-
der affecting 1:50,000 people. Remarkable progress has been made
over the last decade, due to a renewed interest in the disease, bet-
ter diagnosis and new treatment modalities. The State of Israel (pop.
8,500,000) comprises ethnically heterogeneous society, which under-
goes dynamic socioeconomic changes and witnessing constant waves
of immigration from Asia, America, Europe and Africa.

Methods: We undertook a survey of physician-diagnosed HAE
patients (type | & ll) from all regions of Israel.* A specific 55-item ques-
tionnaire was constructed, addressing demographics, age of diag-
nosis, disease course, triggers, burden of disease (quality-of-life) and
effect of prodromes. Questions were phrased as categorical or con-
tinuous (i.e. scales).

Results: Total screened population was 233 pts, 197 (84.5%)
responded: 113 (57.3%) females and 84 (42.6%) males. Of the 123 pts
with accurate diagnosis 105 (84.7%) were type |, and 18 (14.5%) type
IIl. Mean age was 35.4 years, (range 1-79). 53 pts (26.9%) were minors
(<18 years). Mean number of children per family was 2.03, with 78
(54%) reporting at least one child diagnosed. 169 (86%) reported hav-
ing other diagnosed family members. 119 (60%) reported at least one
sibling diagnosed, 145 (74%) reported having at least one parent, 73
(37%) at least one uncle or aunt and 90 (46%) an affected grandpar-
ent, disease course was variable. 132 (67%) have been hospitalized
or visited ER at least once, and 60 (30%) underwent intubation or ICU
admission. Additionally, 39 (20%) reported multiple attacks per week,
34 (17%) 3-4 attacks per month, 70 (36%) 1-2 per month, 24 (12%)
once or twice per year and 30 (15%) reported no attacks at all. 101
pts (51%) were using HAE prophylaxis (Danazol, Tranexamic Acid or
C1-INH).

Almost all the symptomatic participants (n = 165; 99%) reported expe-
riencing prodromes along their disease course. 55 (28%) claimed that
prodromes were an absolute predictor of attacks, in 57 (29%) it was
considered an occasional predictor, 34 (17%) experienced it‘sometimes’
and 32 (16%) reported no association between prodromes and attacks.
Conclusions: This is the first comprehensive survey of HAE in Israel.
We hope that the data obtained will illuminate unmet medical as well
as psychosocial needs, and help to provide better care for our patients.
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Background: Hereditary angioedema (HAE) can become a clinical
challenge to diagnose. Patients experience recurrent local swelling in
different parts of the body including the intestine [1]. Swelling of the
intestine may cause symptoms suggestive of an acute abdomen, and
this may mislead physicians to consider surgical treatment.

We described a case of a 42 year old man with abdominal pain attacks
for the past 8 years. The patient described the attacks of abdominal
pain as abrupt and quite intense, sometimes associated with nausea
or vomit. He only described two episodes, where in addition of the
abdominal pain he experienced local swelling of his forearm and
hand, the swelling had no apparent cause and it resolved in less than
3 days. During one of his attacks he underwent open appendicec-
tomy, but the histopathology result was negative for appendicitis.
Five years after, he experienced another severe attack of abdominal
pain that again brought him to the emergency department. As part
of his medical approach an abdominal CT scan was performed, show-
ing peripancreatic and subdiaphragmatic fluid along with mesenteric
lymphadenitis. He persisted with acute abdominal pain, so he under-
went an exploratory laparotomy from which a biopsy of a mesenteric
lymph node was taken and ascitic fluid sent for culture. Under the
suspicion of infection, he received antibiotic, but afterwards the his-
topathology report showed only unspecific inflammatory response,
and no bacteria was found in the ascetic fluid culture. To continue
studying the cause of his abdominal attacks the patient also had a
push enteroscopy showing esophagitis and erosive gastritis, histopa-
thology report from stomach, duodenum, and jejunum biopsies were
normal.

In the course of one of his visits to the emergency department, aside
from the clinical suspicion of pancreatitis, finally angioedema was con-
sidered as a differential diagnosis. Hereditary angioedema with C1-INH
deficiency type | was confirmed with laboratory tests (Table 1).

Table 1

Test name Result Reference range
C4 5 mg/dL 16-47 mg/dL
Clq 24.2 mg/dL 10-25 mg/dL
Cl-inhibitor function 23% >68% normal

41-67 equivocal
<40 abnormal

Cl-inhibitor concentration 4 mg/dL Low mg/dL

Conclusions: Abdominal pain attacks occurring in HAE are a diagnos-
tic problem that may lead to laparotomy. Although HAE remains as a
rare disease, we consider a simple test as a determination of C4 levels
should be performed during the initial approach to every patient pre-
senting appropriate clinical manifestations of HAE.

Consent to publish: Consent to publish was obtained from the
patient.
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Background: The isolated angioedema, in particular facial, is a motive
which leads the patients to consult in Emergencies. We established an
emergency telephone number for the doctors in Emergencies, regular
doctors and allergists, 24/24 h.

Materials and methods: We listed all the calls from September, 2016
till January, 2017 having required an emergency appeal in front of an
isolated angioedema in departments around the CHU of Grenoble
(Isére, Ain, Savoie, Haute-Savoie). Every patient benefited from a con-
sultation in the national reference center of the angioedema (CREAK)
within 15 days from the call.

Results: We received 34 calls concerning 20 women and 10 men with a
mean age of 60 years [33-87]. All the calls concerned an isolated facial
edema. 75% of the patients were sent by the department of Emergen-
cies, 13% by the regular doctors and 11% by allergists. On 34 patients,
6 did surrender to the consultation. For 32% of the patients the diag-
nosis of bradykinin-induced angioedema (angiotensin converting
enzyme drugs), 3% bradykinin-induced angioedema (ARAIl drugs) and
for 41% histamine-induced angioedema was done. The modifications
of care in Emergencies matters mainly concerned the therapeutic
indications with 75% of the patients having benefited from corticoids
before the call and the necessity of setting up a treatment adapted to
a bradykinin angioedema in 18% of bradykinin-induced angioedema
(concentrated ClInh or icatibant). All the diagnoses were confirmed
in consultation and 100% of the dosages of realized inhibitory C1 are
normal, only 2 patients are in expectations of results.

Conclusions: All the new diagnoses of hereditary bradykinin angioedema
were done directly at the center and patient didn't arrive in an emergency
Department. The diagnosis of bradykinin-induced angioedema (angio-
tensin converting enzyme drugs) represent more than one third of the
calls and it was unexpected. The emergency number was helpful for the
therapeutic care of the angioedema. The long-term follow-up of these
patients will allow to confirm or not this diagnosis and to see again in one
year if the proportion of bradykinin-induced in our region.
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Introduction: The COBRA registry reports clinical data and treat-
ment response with Berinert® in the French population of patients
with bradykinin mediated angioedema (AE): Hereditary AE (HAE) with
and without C1Inh deficiency, idiopathic non histaminergic AE, drug
induced AE.

Methods: We conducted an analysis of patients with HAE included
in the Cohort Berinert Angicedéme (COBRA) registry study from
2007 to November 2016, which aims to collate information on all
Berinert®-treated patients with HAE throughout France. The analysis
included retrospective data extracted from patients’ medical record
and prospective data directly recorded in the electronic registry. Data
on treatment response was only available for documented attacks
after COBRA enrollment.

Results: 132 type I-Il HAE patients, 344 + 17.8 years old, (66.7%
women) are today included in the registry. They were 13.4 + 10.8
yo when they had the first attack and 18.4 £+ 14.6 when the diagno-
sis was made. They have been treated with Berinert® during the last
3.7 £ 4.4 years and the first treatment was received when they were
30.2 + 17.1 yo. 47.8% of them were genotyped and 92.7% were pre-
senting a Serpingl mutation. Among them 105 patients (79.5%)
presented at least an attack treated with Berinert®. These patients
presented 287 attacks: abdominal (29.0%), facial (22.0%), laryngeal
(14.0%), peripheral (10.0%) and multi-location (25%). 60.0% of the
attack were rated “severe’, 38.0% “moderate” and 2% “low”. A trigger
event was described in 25.4% of crisis in relation with stress or trauma
for 15.0% of the cases. 39.8% (98) of attacks have been treated with
20 Ul/kg, 54% (135) with 10-20 Ul/kg. On available data, symptoms
began to be improved in less than 1 h in 35.0% and in less than 2 h in
27%. Symptoms disappeared in less than 24 h in 68.5%. A treatment
failure occurred for 8 out 287 attacks (11.1%): 4 attacks were treated
with a low dose (<20 Ul/kg), 1 attack was treated 8 h after starting, no
precise information are available for the 3 remaining attacks. Patients’
satisfaction rate was 94.6%.

Conclusion: COBRA registry affords the opportunity to systemati-
cally describe type I-Il bradykinin mediated AE patients treated with
Berinert® and to monitor its efficacy in attack treatment.
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Background: Acute angioedema attacks in hereditary angioedema
(HAE) are unpredictable; they may cause activity impairment and may
be disfiguring, painful or even life-threatening. Specific treatment is
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administered through subcutaneous or intravenous route. Attend-
ing to healthcare facilities cause economic costs, absenteeism from
work and delay in treatment. Home- and self-administration programs
reduce morbidity, disease burden and potential mortality, improving
quality of life.

Materials and methods: In this observational retrospective study,
HAE patients attending to our third level Hospital, were offered a
home self-administration training program. They followed 2-6 ses-
sions lasting for 45 min with a specialist nurse. One partner for each
patient was also considered. Injection/infusion skills were annually
reviewed.

The number of annual angioedema attacks and their need for emer-
gency department (ED) attendance for the last 5 years was registered.
Results: 31 HAE patients were included, 19 women (61.29%), mean
age 47.81 years (18.63 SD); 22 patients were categorized as C1-INH
HAE (18 type | and 4 type Il) and 9 patients of two families as FXII-HAE.
Two type Il C1-INH HAE and 2 FXII-HAE patients were free of symptoms
so far.

21 patients followed the training program. 14 patients were trained
for subcutaneous icatibant self-injection and another 2 patients pre-
ferred a family member to be trained. 8 patients as well as their 8 fam-
ily partners learned intravenous Cl-inhibitor esterase infusion. Only
2 patients refused the training program and preferred to attend to a
near sanitary center for treatment administration.

The median annual number of angioedema attacks was 16.05 (C1-INH
HAE type | 17.6, type Il 9). Patients with FXII-HAE were asymptomatic in
periods without hyperestrogenic states. Oropharyngeal angioedema
developed in 55.5% of attacks in C1-INH HAE type |, 50% of type Il and
25% of FXII-HAE patients. For the last 5 years, 1 patient attended to
the ED 4 times and 4 patients only once due to poor control of attack
despite of treatment. Neither of them required orotracheal intubation
nor hospitalization.

Conclusions: Despite the high numbers of annual angioedema
attacks and the significant proportion of oropharyngeal involvement,
the number of visits to the ED was very low with no hospital admis-
sions. Therefore, self-administration programs decrease disease bur-
den and improved patient’s quality of life.
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Background: Conestat alfa (rhClinh) is registered for intravenous
treatment of hereditary angioedema (HAE) attacks in adult and ado-
lescent patients.

Methods: We present a case series of three different HAE patients who
use off-label intramuscular administration of rhC1inh.

Results: Case 1: 32-year old man weighing 60 kg with HAE type I. Intra-
muscular application of rhClinh has been practiced since 2015 dur-
ing peripheral, abdominal and urogenital attacks: when he presumes
that an attack is not life-threatening, intramuscular self-administra-
tion is preferred. The patient normally injects a 20 ml syringe (3000 U
rhClinh + solvent). Frequent under-dosing is reported (1 vial, 2100 U
rhClinh, reconstituted in 10 ml). The patient self-injects the medica-
tion in the middle front third of m. quadriceps femoris.

Case 2: A 50 kg, 16-year old girl with HAE type | (daughter of Case
1): during non-severe HAE attacks the father injects 17 ml (2500 U
rhClinh + solvent) in the middle front third of the thigh of his daugh-
ter. Again, under-dosing is frequent with good clinical outcome.

Case 3: 71-year old HAE type | patient (84 kg) with frequent and severe
abdominal attacks (2-3 times per week). The patient suffers com-
promised veins and difficult peripheral venous access often result-
ing in treatment impediments. Off-label twice weekly prophylactic
intramuscular administration of rhClinh was initiated after all ethical
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implications were discussed and this common decision was made.
The dose used per application: 4200 U/20 ml (2 vials solved in 10 ml
solvent, each) was injected intramuscularly in two different sites,
either into m. gluteus maximus or m. quadriceps femoris. During the
14-week follow-up no severe breakthrough attacks occurred. The
patient reported significant improvement in the quality of life and
daily activities were restored.

No side effects at the application site and from the medication were
reported from any of the patients.

Conclusions: Intramuscular administration of rhClinh could be
an alternative to the intravenous route of application, especially
when intravenous administration is compromised or access to
medical care facilities is difficult. Intramuscular application of
rhClinh seems to be safe and effective in the presented cases: as
on-demand therapy and in prophylaxis. 2100 U rhC1inh can be suc-
cessfully solved in 10 ml solvent and the intramuscular application
shows no adverse effects. Long-term prophylaxis (LTP) with rhC1inh
seems to be safe and effective in subjects with severe HAE. Applica-
tion of two vials (4200 IU) twice weekly seems to be an effective
dose for LTP.

Consent to publish: Consent to publish was obtained from the
patients.
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Background: Hereditary angioedema with normal C1 inhibitor
(HAENICTINH) was first described in 2000. It affects both genders
with higher prevalence off females due to hormonal influence.
Symptoms have been associated with bradykinin and part of the
patients present factor 12 mutation. Considering the limited knowl-
edge about the mechanism involved, therapy for HAE with C1INH
deficit has been applied to those cases. We evaluated the response
to therapy of symptomatic patients with HAEnIC1INH proposing a
personal approach.

Methods: Patients with suggestive symptoms of HAE, familial history
and normal C1-INH were included. DNA samples were evaluated for
the presence of mutations on exon 9 of the F12 gene. The protocol was
approved by ethical committee.

Results: Fourteen families (8 with factor 12 mutation) were included
within a total of 38 (33F:5M) patients (median age 34.5; 9-69 years). Ini-
tial symptoms appeared at 18.5 years old (median) and 23/29 between
10-30 years old. Three families reported bruising as prodromal symp-
toms. Edema mainly affected the following: abdomen 27/29; face 19/29;
extremities 12/29; upper airways 13/29. Prophylactic therapy was: com-
bined contraceptive exclusion 8/24; tranexamic acid (medium dosage
500-750 mg/day) 20/29; progestins 15/24; danazol 9/24; oxandrolone
3/24.The attacks were treated with higher dosages of tranexamic acid in
9/29 patients; icatibant 8/29 and plasma derived C1INH in 4/29.
Conclusions: Although recognition of physiopathology in HAEn-
IC1INH is restricted, we face the need of therapy in these patients.
Approximately 2/3 of the patients present high risk for upper airway
obstruction. We propose a stepwise approach for those patients:
combined contraceptive exclusion; low dosages of tranexamic
acid; progestins and finally androgens as prophylaxis. High dos-
age of tranexamic acid was effective for mild symptoms during the
attacks but icatibant and plasma derived C1 inhibitor had been used
preferentially.
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Background: From the1960 s, biochemical studies indicated that the
deficiency of C1 esterase inhibitor (C1-INH) isthe disorder of hereditary
angioedema (HAE) [1, 2].0nly since the 1980s, have mutations in its
encoding gene (SERPINGT) described in HAE families [3, 4]. Currently,
more than 500 mutations have been found in SERPING1 that are asso-
ciated with HAE according to The Human Genome Mutation Database
(https://portal.biobase-international.com/cgi-bin/portal/login.cgi).
Here we describe new mutations in SERPINGT found in HAE patients.
Materials and methods: Complete coding sequence of SERPINGT was
sequenced by Sanger method from patients with HAE clinical character-
istics and low plasma levels of C1-INH and C4.The Ethical Committee of
UNIFESP approved the study and patients signed a consent form.
Results: Six new mutations were found in 6 unrelated patients: 3
small deletions (c.195delG and c¢.309_312delCCAA in exon 3, and
€.953_954delCA in exon 6), 1 duplication (c.576_581dupCCTGGAGA in
exon 4), 1 base change affecting the acceptor splice site from intron 4
(c.686-1G>A), and a nonsense mutation (p.Lys329stop in exon 6). The
deletion c.953_954delCA was found in a patient from USA; all the other
mutations were found in Brazilian patients.The change p.Lys329stop
was confirmed to be a de novo alteration by sequencing the affected
patient’s parents. Only one patient reported family history (c.195delG
carrier).In addition, 3 mutations previously described in the litera-
ture were found for the first time in Brazilian patients (Q348X, Q392X,
c.1249 + 1G>A) [5, 6] and the alteration p.Gly184Arg, already described
in a Brazilian family [7], was found in an unrelated patient. Among
patients with already known mutations, only the carrier of p.Gly348X
reported family history of HAE. Seven patients were diagnosed only
after 30 years old with a delay in diagnosis ranging from 16 to 44 years.
Conclusions: In summary, we report here 10 cases of unrelated patients
diagnosed with HAE for the first time in their families, within six new
alterations inC1-INH gene. Due to the lack of family history in eight
cases and the absence of the correct diagnosis in affected relatives in
the other two cases, the molecular analysis of SERPINGT was decisive
in the final diagnosis. Although most physicians do not appreciate the
need of molecular sequencing in all cases of HAE [8], it is a special tool in
difficult to diagnose HAE patients. It also allows genetic counselling and
increases knowledge regarding the mutational spectrum of SERPING]T.

Acknowledgements: We thank Priscila A. Nicolicht for the technical
help.
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Objective: To describe clinical and analytical characteristics of a paedi-
atric population of patients with angioedema due to Cl1-inhibitor defi-
ciency (C1-INH-HAE).

Methods: We performed a retrospective review of clinical charts of
patients aged less than 18 years old diagnosed with C1-INH-HAE,
regularly followed up in the Outpatient Clinics of the Departments
of Allergy belonging to SGBA (Spanish Study Group on Bradykinin-
induced Angioedema).

Results: Forty-five patients were included (55.6% males). The median
age at diagnosis was 3.67 years (IQR 1.04-7.41 year). The median age
at onset of symptoms was 6.6 years (IQR 3.67-8.75 year). The diagno-
sis preceeded symptoms in 29 patients (64.4%). The median delay in
diagnosis was 2 months (IQR 0-25 month). Thirteen patients (28.9%)
presented their debut before the age of 6 years, 16 (35.6%) between
6-12 years and 2 (4.4%) between 12 and 18 years. Fourteen patients
(31.1%) remain asymptomatic. The most frequent location of the first
episode was peripheral in 16 patients (51.6%), followed by abdomi-
nal and facial (N = 4, 12.9%). Twelve patients had a known trigger,
the most frequent being trauma (N = 7, 22.5%). Thirty-nine percent
of the symptomatic patients are under long term prophylaxis (LTP).
The median reduction of episodes after LTP was 50% (IQR —50 to
—80.7%). More than half of the patients (51.6%) did not receive treat-
ment for their first episode. Nevertheless, 77.4% of the patients had
replacement with plasma derived C1INH concentrate for subsequent
attacks. No viral transmission has been documented. There was no
correlation between the age at onset of symptoms or the levels of
complement and the number of presented episodes. C1-INH and C4
levels were significantly lower in symptomatic patients (p = 0.019 y
0.028).

Conclusions: The majority of children with C1-INH-HAE are diagnosed
before presenting symptoms. Less than a half need LTP. The most fre-
quent location of attacks is peripheral. There is no correlation between
neither the age at onset of symptoms nor the levels of complement
with the severity of the disease.
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Background: HAE patients (both diagnosed and undiagnosed) com-
monly present to the emergency department (ED). Presenting symptoms
(swelling and pain) may be erroneously attributed to common allergic
and gastrointestinal conditions resulting in major delays in diagnosis and
appropriate treatment. No published tools currently exist for HAE screen-
ing and management in undiagnosed disease. The overall goal of the
study was to develop and validate a HAE-RT tool for ED settings.
Methods: A Delphi study process was used with three rounds of rat-
ings, consisting of a structured questionnaire followed by a facilitated
discussion, in order to reach consensus on the final components of the
HAE-RT Tool. We determined a priori that we would prioritize items for
modification in cases where agreement was not achieved by 80% of
respondents or the median score is <5 out of 7. If subsequent round
of ratings were needed, panel members were asked to reassess their
agreement on concepts based on responses of the panel, and come to
a consensus. Participants: HAE specialists (N = 9) and National Patient
Advocacy Group Members (N = 3).

Results: Of the 12 experts invited, 9 (75% response rate, 7 allergists, 2
patients) agreed to contribute to the Delphi study questionnaire. The
questionnaire addressed 6 key areas required for HAE-RT tool develop-
ment: (A) Objectives; (B) Impact on clinical practice; (C) Target population;
(D) HAE-specific clinical findings; (E) HAE specific treatment options and;
(F) ED discharge options. Of 18 statements, 13 (72%) achieved consen-
sus, 5 (27%) did not. Of the 5 statements not reaching consensus, 1 was
on stated objectives of the tool and 4 were statements on HAE-specific
clinical findings. The expert panellists were asked to discuss and reassess
their agreement until a consensus was reached on all 5 statements.
Conclusion: Our Delphi study emphasizes the importance of expert
involvement and feedback to facilitate the prioritization of important
information that must be included in the design of an HAE-RT tool.
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Background: All types of hereditary angioedema (HAE) can be wors-
ened by estrogens. Attenuated androgens are used as treatment in
HAE with Clinhibitor (C1INH) deficiency. Menopause is associated
with an extinction of estrogenic secretion but also of the ovarian
androgens.
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Objective: The objective of this study was to describe the effect of
menopause on hereditary angioedema attacks.

Methods: We conducted a retrospective, multi-center study in post-
menopausal French women with non-allergic angioedema, including
HAE with C1 inhibitor deficiency (C1-INHHAE), and hereditary angi-
oedema with normal C1 inhibitor and factor XIl mutation or without
factor XIl mutation but with family history. The disease severity score
previously described [1] was used to classify patients before and after
menopause. The influence of hormonal factors on the course of HAE
during childbearing years was also assessed.

Results: We included 48 postmenopausal women, from 13 centers
in France. The mean age was 63.2 years (SD 10.1), and the mean time
between menopause and inclusion was 12.9 years (SD 9.8). Eighty-nine
percent (N = 43) of patients had C1-INH-HAE, 4% (n = 2) had a type
3 hereditary angioedema with mutation of factor Xll and 6% (n = 3)
had a type 3 hereditary angioedema without mutation of factor Xl
but with family history. Concerning the effect of menopause on HAE,
38% (=18) improved after menopause, 23% (n = 11) worsened, and
40% (n = 19) did not record any modification. Three among 9 women
who used it worsened with Menopause hormonal therapy (MHT). For
74.4% (n = 35) of women, fluctuations of estrogen (puberty, com-
bined oral contraceptives, pregnancy and/or hormonal replacement
therapy) triggered angioedema attacks. At inclusion, 57.4% (n = 27) of
women had a long-term prophylactic treatment.

Conclusion: This study shows that menopause has a non predictive
effect on HAE course. This suggests that a systematic study on the hor-
mone imbalance in these patients could be helpful to improve their
management in the post menopause.
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Background: A subset of angioedema patients with normal C1-INH lev-
els exhibit mutations in coagulation Factor Xl gene (F12). The role of F12
mutations and underlying pathophysiology of this HAE type are poorly
understood, but the clinical expressions are similar to C1-INH-HAE [1-3].
F12 gene is mapped to chromosome 5 (5g35.3) and comprise 13 introns
and 14 exons covering 12 kb. Currently all known F12 gene mutations
(HAE3, OMIM #610618) are located on exon 9 in the proline-rich linker
peptide between the Kringle and trypsin-like serine protease (Tryp-SPc)
domains. Two missense mutations (Thr309Lys, Thr309Arg) are the most
common [1, 2]. Recently two new F12 mutations (duplication and dele-
tion) were described in patients with idiopathic non-histaminergic angi-
oedema, as well as in patients with FXII deficiency [4].

Methods: Our normal C1-INH population comprised 59 pts (57
females, 3 males). All had clinical history of recurrent angioedema
attacks, without hives, normal laboratory values of C4, antigenic and
functional C1-INH. A 37-item questionnaire was developed to fur-
ther characterize the phenotypic expression of these patients. Blood
samples of 38 pts were analyzed by F12 gene sequencing. DNA was
extracted manually from whole blood using the Promega Wizard
Genomic DNA Purification Kit. Four mutations within exon 9 of the F12
gene, namely: Thr328Lys, Thr328Arg, c.971del72 and ¢.892dup18, were
analyzed by agarose gel separation and direct Sanger sequencing.
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Results: 38 patients could be analyzed (36 females, 2 male), Mean
age 37.7 + 12.6 years, (range 16-60). Clinical manifestations included
angioedema in various locations, with some patients having more
than 25 attacks per year. Mean age of onset of angioedema was
23.9 + 104 years (range 7-53) and 20.5 £ 4.0 years for patients with
positive F12 mutation pts (range 15-29). The F12 mutation Thr328Lys
was found in 16 pts (42.1%, all females). This mutation was found in 9/10
from the same family, 2/2 from another family, and 1 member of the
other 5 families. Other F12 mutations were not expressed in this cohort.
Conclusions: This is the first phenotype analysis and genetic mapping
of F12 in normal C1-INH in Israel. The study shows that 16/38 patients
could be classified as FXII-HAE. Genetic analysis of other patients and
normal siblings is underway.
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Background: Hereditary angioedema with C1 inhibitor deficiency
(C1-INH-HAE) is a rare autosomal dominant disorder that manifests as
negligible symptoms to life-threatening recurrent episodes of swelling
involving the skin, gastrointestinal tract and upper airways. The deter-
minants of disease symptom severity were not clearly clarified yet. We
aimed to investigate the potential correlation between geno-pheno-
typical characteristics and the parameters of severe disease course of
HAE patients.

Methods: The coding exons and the exon-intron boundaries of the
SERPINGT gene were sequenced and in case of no mutation deletion/
duplication analysis with Multiple Ligation Dependent Probe Ampli-
fication (MLPA) was performed, and clinical data were obtained in 81
symptomatic HAE patients from 47 unrelated families at the time of
diagnosis. Treatment-free blood samples for C1 inhibitor function, C1
inhibitor antigen and C1q levels were taken in 61 patients.

Results: Thirty-five different (15 novel and 2/15 homozygous) muta-
tions were identified. There was no causative mutation in 6 out of 81
(7.4%) patients. The lowest C1 inhibitor function levels was detected in
patients with deletion (5.05%), and Large Deletion (5.8%) type muta-
tion; whereas the highest C1 inhibitor function was present in patients
with none mutation (23.3%; p = 0.02). C1 inhibitor function levels
were correlated with disease onset age (r = 0.278, p = 0.03) and symp-
tom severity scores (r = —0.404, p = 0.001), lifelong laryngeal attack
numbers (r = —0.404, p < 0.001), annual laryngeal attacks frequency
(r = —0.353, p < 0.005), frequency of annual attack (r = —0.289;
p < 0.024). Patients with earlier disease onset age, had more frequent
annual attacks in every localization and annual abdominal attacks
(r=-0.420, p < 0.0001 and r = —0.371, p < 0,001, respectively).
Conclusion: The higher symptom severity, the more frequent life-
long/annual laryngeal attack and annual attacks in every localizations
seem to be occur in patients with lower level of C1 inhibitor function
and with earlier disease onset age. Deletion and Large deletion type
mutation can be result in most unfavourable, whereas none mutation
group had most favourable C1 inhibitor function levels.
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