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Abstract

Hereditary angioedema (HAE) with C1-inhibitor (C1-Inh) deficiency
(C1-Inh-HAE) is a rare, life-threatening, and disabling genetic disorder
characterized by self-limited tissue swelling caused by deficiency or
dysfunction of C1-Inh. Our aim in this update is to discuss new advances in
HAE therapy, focusing mainly on the various treatment options that have
become available recently and also drugs that are under trial for prophylaxis to
prevent attacks. There is a paradigm shift to where the treatment of HAE is
headed, focusing now on prophylactic treatment rather than abortive
management.
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Introduction

Hereditary angioedema (HAE) with Cl-inhibitor (C1-Inh)
deficiency (C1-Inh-HAE) is a rare, life-threatening, and disabling
genetic disorder characterized by self-limited tissue swelling that
most often affects the skin, upper respiratory tract, and gastroin-
testinal tract caused by deficiency or dysfunction of the CIINH
gene (SERPINGI gene), which was mapped to chromosome 11
(11q12-q13.1). Cl-Inh is a serpin-regulating complement sys-
tem, intrinsic coagulation system to a degree, fibrinolytic system,
and, as a strategic target, the contact system (Hageman factor and
plasma kallikrein)'”. The estimated prevalence of C1-Inh-HAE is
1 in 50,000, with reported ranges from 1:10,000 to 1:150,000"--.
Cl1-Inh-HAE has been reported in both males and females of all
races’. In a large series of Cl-Inh-HAE patients reported, the
illness had a mean age of onset at 11.2 years’, with almost 90% of
patients experiencing onset of symptoms by age 20"*. A child is
expected to have a 50% chance of inheriting the disease from either
parent with the mutation; however, about 20-25% of mutations
occur spontaneously in patients and thus without a family history.

Bradykinin is considered to be a responsible mediator of
angioedema upon interaction with B, receptor on the endothelium. A
local activation process at the site of the angioedema attack
cannot explain a pathogenic model and support recorded observa-
tions after treatment application. A recent model for angioedema
attacks in HAE patients has been proposed, with a systemic,
fluid-phase activation of the contact system to generate brady-
kinin and its first metabolite’; both subsequently interact with
endothelial receptors that are locally expressed in the affected
tissues rather than with constitutively expressed receptors. This
makes B, receptor strategically important, a situation pertaining
to endothelium induction upon inflammatory stimuli, often
recognized as triggers of angioedema attacks.

Classification

As established at the gene level, three types of HAE have been
described. Cl-Inh-HAE is the prototypical example of kinin-
dependent HAE, with type 1 and type 2. Type 1 is characterized
by low production of functionally active Cl-Inh and accounts
for 80-85% of cases. Type 2 HAE is characterized by normal or
elevated levels of Cl-Inh but with functional impairment of the
protein and accounts for 15-20% of cases. Recently, a type 3
HAE has been provisionally described. Type 3 presents with simi-
lar clinical manifestations to the first two types, but its biological
phenotype differs in that there are no abnormalities in C1-Inh
level or function. Associated with a gain-of-function, mutations in
coagulation factor XII protease (Hageman factor) with domi-
nant inheritance are observed to occur in factor XII-HAE cases
(FXII-HAE), but the pathophysiology in the majority of HAE with
normal C1-Inh has not been documented'*-".

Assessing disease severity and impact on quality of
life

The swelling caused by HAE is the primary symptom affecting an
individual’s life, causing significant disabilities. Generic tools to
assess quality of life for any chronic disease do not quantify the
impact that angioedema has on one’s life. Newer tools like the
Angioedema Quality of Life Questionnaire (AE-QoL) are valid
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and reliable for angioedema symptoms, and it can be used in both
histamine- and bradykinin-mediated angioedema'®.

The AE-QoL consists of 17 questions from four domains including
functioning, fears/shame, fatigue/mood, and food which have five
answers each, and the patient has to answer for the past 4 weeks.
The scores are then transformed to a linear 0-100 scale. Higher
scores represent higher impairment of quality of life'®. The AE-QoL
is also available in several languages (American English, Canadian
English, Canadian French, Danish, Greek, Hungarian, Italian, Japa-
nese, Mexican-Spanish, Dutch, French, German, and many more)
and is free to use'"'*.

HAE poses a considerable burden on patients and their families in
terms of direct medical costs and indirect costs related to lost pro-
ductivity. This burden is substantial at the time of and in between

attacks'”.

Present therapy

The management of pediatric C1-Inh-HAE is classified into three
major categories, including treatment of acute attacks or on-demand
therapy, short-term prophylaxis (pre-procedural), and long-term
prophylaxis®**!, Targeting one of the underlying defective path-
ways described above makes the recently introduced therapies
effective.

Agents available for on-demand therapy

Berinert is a Cl-Inh (human) plasma-derived preparation which
was approved in 2016 by the FDA to be used in children of all
ages for treating acute abdominal, facial, or laryngeal Cl-
Inh-HAE attacks. It is delivered intravenously and is approved
for on-demand treatment through self-administration or by a
healthcare provider. It is used in a dose of 20 units/kg at a rate of
4 ml/minute, which helps adjust dosing for children of all
weights. It was approved initially in 2009 in the US for adults and
children older than 12 years of age but has been available in
Europe for decades for attacks®. Berinert was also found to be the
most cost-effective drug compared to Firazyr or Kalbitor in patients
weighing up to 330 1b*.

Cinryze, also a plasma-derived and nanofiltered C1-Inh concen-
trate, is approved in Europe for attacks but is not yet approved in
the US for attacks. It is used off label for attacks but approved for
prophylaxis at a dose of 1,000 units twice a week; it has also been
used in younger children but is not approved by the FDA for chil-
dren younger than 13 years of age**.

Ruconest is a Cl-Inh recombinant preparation which has been
FDA-approved for treating acute C1-Inh-HAE attacks in children
over 13 years of age’. It is administered intravenously and is
approved for self-administration. The required dose is 50 units/kg
up to a maximum of 4,200 units’. Similarly to Berinert, the dose
is adjusted for weight, which makes it easy to adjust the dose
for children. It was approved in the US in 2014 and in Europe in
2010 for the treatment of attacks®.

Ecallantide (Kalbitor) is a plasma kallikrein inhibitor, a polypep-
tide that was developed from a Kunitz domain through phage
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display to mimic antibodies inhibiting kallikrein. It has been FDA
approved to treat HAE attacks in patients 12 years of age and older.
It is administered through subcutaneous injections. Due to a 3%
risk of anaphylaxis, it is required to be given by a healthcare pro-
vider, either at home or in a healthcare setting. It is used at a dose
of 30 mg subcutaneously and repeated within 24 hours if there is
no improvement. It was approved initially in 2009 in the US. It
is not approved in Europe. A recent analysis of pooled data sug-
gests that ecallantide is effective for the treatment of HAE attacks
in younger patients and has an acceptable safety profile, but it is not
yet approved for children younger than 12 years of age’’*.

Icatibant (Firazyr) is a bradykinin B, receptor antagonist, with
clinical efficacy pointing to involvement of B, receptor rather than
B, receptor. However, its affinity for B, receptor is still higher
than that of desArg’-bradykinin for B, receptor”. It is currently
approved for the treatment of C1-Inh-HAE attacks in patients older
than 18 years of age. It is approved only in Europe to treat pediatric
patients. A pharmacokinetic, tolerability, and safety study of icati-
bant in patients younger than 18 years of age with HAE has been
completed, demonstrating its safety and efficacy in children®’. The
required dose of icatibant is 30 mg subcutaneously, in a large excess
over the ligand to antagonize.

Long-term prophylaxis

Pre-pubertal children usually have less severe disease, so they
are often managed by on-demand therapy alone. But if they need
long-term prophylaxis for recurrent, severe attacks, if they have co-
morbid conditions, or if the family prefers, the following options
are available’. Patients on long-term prophylaxis should also have
on-demand therapy available to them for breakthrough attacks.

Cl-inhibitor. Plasma-derived Cl-Inh, like Berinert and Cinryze,
can be used for prophylaxis. They have proven efficacy in clinical
trials and practice and their long half-life enables administration
every 3 to 4 days. Cinryze is used intravenously at a dose of 1,000
units twice weekly, but the dose can be increased to the desired
effect, and is the only FDA-approved drug for prophylaxis. Berinert
is used off label, but it has the advantage of a dose that is weight
adjusted.

Androgens. Anabolic androgens (synthetic 17-alpha-alkylated
androgens) like danazol, stanozolol, oxandrolone, oxymetholone,
tibolone, and methyltestosterone can be used for long-term proph-
ylaxis, but danazol is more widely available’~°. The usual dose
ranges from 50 to 200 mg of danazol, either daily or every other
day. It is recommended to start with a 200 mg dose daily and then
taper to the least-effective dose. Less often recommended is start-
ing with a low dose and gradually increasing to effect. These agents
cause dose-related side effects over time and significant side effects
in children and therefore are not recommended for use in children
in the United States™.

Anti-fibrinolytics €-aminocaproic acid (Amicar [EACA]) and a
cyclic derivative tranexamic acid (TXA) can be used for prophy-
laxis'*7*, TXA is easier to administer and is better tolerated.
Anti-fibrinolytics are preferred over androgens in children. They
can be administered orally at a dose of 25 mg/kg daily up to 3 g/day,
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and if this dose does not help in a few weeks it is recommended to
stop it. TXA has been used in Europe and Asia for decades. In the
US, EACA has been available for many years, and an oral prepara-
tion of TXA became available in 2009 when it was approved by the
FDA for the treatment of menorrhagia. The mechanism of action is
poorly understood and is assumed to compromise molecular inter-
actions in the plasminogen activation process, with a subsequent
decrease of factor XII activation in promoting bradykinin genera-
tion. Anti-fibrinolytics are used off label for long-term prophylaxis
but are minimally effective, and most experts consider them to be
ineffective for the treatment of HAE attacks.

Short-term prophylaxis/pre-procedural

Berinert or Cinryze, both of which are plasma-derived C1-Inh prep-
arations, are used off label since no therapies are approved for this
purpose in the USA.

Attenuated androgens are effective and can be administered at
high doses (200 mg three times a day) for at least 5 to 7 days prior
to the procedure and a few days after. They should be avoided in
children unless other therapies are not available; however, short
courses seem to be tolerated well with minimal adverse events and
can even be used in children safely. Androgens should be avoided
in women who are pregnant and lactating.

Fresh frozen plasma (FFP) is reported to prevent HAE attacks
when administered before dental, medical, or surgical procedures,
but controlled studies are lacking in children. In addition, the
risk of allo-sensitization and anaphylaxis is greater with FFP than
with C1-Inh preparations. It can be used at a dose of 1-2 units per
patient.

Anti-fibrinolytics, EACA or TXA, are used off label for short-term
or perioperative prophylaxis, but evidence of efficacy does not
exist.

Future of HAE treatment

Most investigation presently is focused on long-term prophy-
laxis (Table 1). A phase 3 study to assess the safety and efficacy
of subcutaneous administration of plasma-derived Cl1-Inh (CSL
830) was recently reported and is showing promising results. This
study evaluated type I and type II Cl-Inh-HAE patients during
two 16-week treatment periods. The study assessed the number of
attacks experienced and the number of times rescue medication was
needed while receiving CSL 830 prophylactically and both were
found to be significantly reduced. HAE attack rates were reduced
by a median of 89% and 95% (for the 40 IU/kg and 60 IU/kg dose,
respectively). Additionally, 40% of patients on the higher dose were
completely free of attacks, and patients, in general, experienced
fewer and milder angioedema symptoms. None of the patients on
60 IU/kg experienced a laryngeal attack within the study period.
This drug is currently being proposed to the FDA and is likely to be
approved soon for long-term prophylaxis (funded by CSL Behring;
NCT01912456)*.

Another similar study assessing the efficacy and safety of subcu-
taneous Cl-Inh is in phase 3. The dose is only twice that of the
intravenous preparation and thus the anticipated decrease in attacks
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Table 1. Newer prophylactic therapies under trial for hereditary angioedema.

Products under

investigation CSL 830 BCX7353
Mechanism of action C1-inhibitor
Phase of study 3 2

Percent reduction of
attacks (%)

Mode of administration

89% (40 IU/kg)
95% (60 1U/kg)
Subcutaneous  Oral
Dose 40-60 1U/kg

IU, international unit

Kallikrein inhibitor

88% (peripheral)
24%* (abdominal)

350 mg daily

DX-2930 (lanadelumab) Ruconest

Human monoclonal antibody =~ Recombinant
against plasma kallikrein C1-inhibitor
1b 2

100% (300 mg) 72% (two/week)
90% (400 mg) 44% (one/week)

Subcutaneous Intravenous
300-400 mg 50 IU/kg

“drug gastrointestinal adverse effects may explain the difference in attack suppression between abdominal and other attacks.

is expected to be similar to the 1,000 units intravenously, which
is about a 50% reduction of attacks. Results are not yet available
(funded by Shire; NCT 02584959)*'.

Lanadelumab (DX-2930) is a new prophylactic agent that is an
anti-kallikrein monoclonal antibody that inhibits kallikrein
activity. In a phase 1b study, lanadelumab administered at a
dose of 300 mg or 400 mg subcutaneously reduced cleavage of
high-molecular-weight kininogen in plasma in patients with HAE
to levels approaching that of individuals without the disorder.
From day 8 to day 50, the 300 mg and 400 mg groups had 100%
and 88% fewer attacks, respectively, than did the placebo group.
Early data from the phase 3 study also suggests that twice-monthly
therapy is very effective (funded by Shire; NCT02093923)*.

APeX-1 is a two-part, phase 1b, randomized, double-blind,
placebo-controlled dose-ranging trial to evaluate the safety,
tolerability, pharmacokinetics, pharmacodynamics, and efficacy of
orally administered once daily (QD) BCX7353 350 mg (kallikrein
inhibitor) for 28 days as a prophylactic therapy. The results of this
interim analysis are encouraging from the first part, which was
recently released*’. Analysis of peripheral and abdominal attacks
showed reductions of 88% and 24%, respectively, for BCX7353
compared with placebo. The failure to suppress abdominal attacks
appeared to be that patients interpreted adverse effects of the
medication as HAE attacks. One patient who had pre-existing
colitis, hepatic steatosis, and over 20 years of previous androgen
use exhibited an alanine aminotransferase (ALT) elevation of over
three times the upper limit of normal at the end of BCX7353 treat-
ment that later resolved. Side effects like diarrhea and flatulence
were reported at current dose. The APeX-1 trial has been amended
to add a 62.5 mg QD dose level and to increase the number of sub-
jects at the 125 mg QD and 250 mg QD dose levels in order to
more fully characterize dose response. The study is expected to be
completed in December 2017 (funded by BioCryst Pharmaceuti-
cals; NCT02870972)“. 1t is currently being studied in adults but
will certainly be a welcome addition in children, since it is orally
administered.

A phase 2 multicenter, randomized, double-blind, placebo-
controlled, three-period crossover study to evaluate the efficacy
and safety of recombinant human C1-Inh in the prophylaxis of
angioedema attacks in patients with HAE has also been under-
taken. A dose of 50 IU/kg was given intravenously twice weekly
and reduced the attack frequency by 72% (95% CI: 63-81)
and once-weekly Ruconest treatment reduced attack frequency
by 44% (95% CI: 27-62) as compared with placebo. Adverse
effects were minimal (funded by Pharming Technologies B.V.;
NCT02247739)".

The bradykinin receptor antagonist icatibant (Firazyr), which
is approved to treat attacks in adults, is being evaluated for the
treatment of attacks in children and will be a welcome addition,
since it is subcutaneously administered (funded by Shire;
NCT01386658)".

Conclusion

While symptoms may start in early childhood, attacks are typi-
cally infrequent in pre-pubertal children. Early onset of symptoms
and frequent attacks in childhood predict more severe disease in
adulthood’*’. Both boys and girls tend to experience more attacks,
as well as more severe attacks, around puberty. It is unclear why
this occurs in boys, but worsening in girls may be caused by
increased levels of endogenous estrogen. The distribution of
attacks in adolescent patients typically mirrors that in adults™.

As more therapies for HAE become available, post-marketing
surveillance becomes all the more important to assess for effec-
tiveness and adverse effects of treatments because adverse events
may be difficult to determine based on one or two phase 3 studies
with a limited number of patients and treatment*®.

Because of the impact that HAE has on quality of life, productivity,
anxiety, and absenteeism, prophylactic agents that have effi-
cacy approaching 90% are critical. We anticipate that the new
therapies under research will bring a revolution to the disease
not only because of the efficacy but also because of the ease of
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administration and minimal toxicity of these medications.
Unfortunately, only the CSL Cl1-Inh for subcutaneous use (CSL
830) and the intravenous use of Ruconest are being studied
as a weight-adjusted dose, and the authors believe that dosing
children, especially very small children, should not be similar to
doses equal to that of an overweight adult.

As the field of HAE advances, work has been done on discov-
ering prognostic and predictive biomarkers. In a GEE linear
regression model, the presence of F12-46C/T was significantly
associated with a 7-year delay in disease onset (P<0.0001)
regardless of SERPINGI mutational status. It is concluded that
F12-46C/T carriage acts as an independent modifier of C1-Inh-
HAE severity”. A similar relationship with the KLKBI gene has
been noted but not yet published. We anticipate that, in the future,
biomarkers will be used to determine those at risk of attacks early in
life and those who may benefit from early initiation of prophylactic
therapy.

C1-Inh-HAE represents one in five patients presenting with
kinin-dependent angioedema, the great majority associated with
heredity, and identified as nC1-Inh-HAE™. C1-Inh-HAE could be
considered as a prototypical condition for extending clinical trials
to patient groups identified by ongoing and foreseen biomarkers
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and susceptibility genes. This will meet the expectations of many
young patients and clinicians.

Summary

Present therapies available for children are directed towards the
treatment of attacks, and Cinryze is only 50% effective for prophy-
laxis. Androgens have dangerous adverse events for children and
for this reason are not desirable. There is definitely a need for better
prophylactic therapies, and the studies mentioned above look prom-
ising. With what appears to be well-tolerated subcutaneous or even
oral medication that suppresses attacks by about 90%, we expect
a major shift in how we treat HAE, even in children, in that most
patients will be placed on prophylaxis.

Competing interests

GS declares that they have no competing interests. TC is a speaker
at CSL Behring, Shire and Grifols, a researcher at CSL Behring,
Shire, Grifols and BioCryst, and a consultant at CSL Behring and
BioCryst.

Grant information

The author(s) declared that no grants were involved in supporting
this work.

F1000 recommended

1. Bhardwaj N, Craig TJ: Treatment of hereditary angioedema: a review (CME).
Transfusion. 2014; 54(11): 2989-96; quiz 2988.
PubMed Abstract | Publisher Full Text

2. Ghazi A, Grant JA: Hereditary angioedema: epi
role of icatibant. Biologics. 2013; 7: 103—13.
PubMed Abstract | Publisher Full Text | Free Full Text

3. Talavera A, Larraona JL, Ramos JL, et al.: Hereditary angioedema: an infrequent
cause of abdominal pain with ascites. Am J Gastroenterol. 1995; 90(3): 471-4.
PubMed Abstract

4. Gompels MM, Lock RJ, Abinun M, et al.: C1 inhibitor deficiency: consensus
document. Clin Exp Immunol. 2005; 139(3): 379-94.
PubMed Abstract | Publisher Full Text | Free Full Text

5. Nzeako UC, Frigas E, Tremaine WJ: Hereditary angioedema: a broad review for
clinicians. Arch Intern Med. 2001; 161(20): 2417-29.
PubMed Abstract | Publisher Full Text

6. Sabharwal G, Craig T: Recombinant human C1 esterase inhibitor for the
treatment of hereditary angioedema due to C1 inhibitor deficiency (C1-INH-
HAE). Expert Rev Clin Immunol. 2015; 11(3): 319-27.

PubMed Abstract | Publisher Full Text

7. Bork K, Meng G, Staubach P, et al.: Hereditary angioedema: new findings
concerning symptoms, affected organs, and course. Am J Med. 2006; 119(3):
267-74.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

8. Agostoni A, Cicardi M: Hereditary and acquired C1-inhibitor deficiency:
biological and clinical characteristics in 235 patients. Medicine (Baltimore).
1992; 71(4): 206—15.

PubMed Abstract

iology, manag it, and

9. Hofman ZL, Relan A, Zeerleder S, et al.: Angioedema attacks in patients
with hereditary angioedema: Local manifi ions of a sy ic activation
process. J Allergy Clin Immunol. 2016; 138(2): 359-66.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

10. Bork K, Gul D, Hardt J, et al.: Hereditary angioedema with normal C1 inhibitor:
clinical symptoms and course. Am J Med. 2007; 120(11): 987-92.
PubMed Abstract | Publisher Full Text

11. Bork K, Wulff K, Hardt J, et al.: Hereditary angioedema caused by missense
mutations in the factor XIl gene: clinical features, trigger factors, and therapy.
J Allergy Clin Immunol. 2009; 124(1): 129-34.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

12.  Dewald G, Bork K: Missense mutations in the coagulation factor XIl (Hageman
factor) gene in hereditary angioedema with normal C1 inhibitor. Biochem
Biophys Res Commun. 2006; 343(4): 1286-9.

PubMed Abstract | Publisher Full Text

13.  Nagy N, Greaves MW, Tanaka A, et al.: Recurrent European missense mutation
in the F12 gene in a British family with type Il hereditary angioedema.
J Dermatol Sci. 2009; 56(1): 62—4.
PubMed Abstract | Publisher Full Text

14.  Cicardi M, Aberer W, Banerji A, et al.: Classification, diagnosis, and approach to
treatment for angioedema: consensus report from the Hereditary Angioedema
International Working Group. Allergy. 2014; 69(5): 602—16.
PubMed Abstract | Publisher Full Text

15.  Cichon S, Martin L, Hennies HC, et al.: Increased activity of coagulation factor
XIl (Hageman factor) causes hereditary angioedema type lll. Am J Hum Genet.
2006; 79(6): 1098—104.
PubMed Abstract | Publisher Full Text | Free Full Text

16.  Weller K, Groffik A, Magerl M, et al.: Development and construct validation of
the angioedema quality of life questionnaire. Allergy. 2012; 67(10): 1289-98.
PubMed Abstract | Publisher Full Text

17. Weller K, Magerl M, Peveling-Oberhag A, et al.: The Angioedema Quality
of Life Questionnaire (AE-QoL) - assessment of sensitivity to change and
minimal clinically important difference. Allergy. 2016; 71(8): 1203-9.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

18.  Angioedema Quality of Life Questionnaire (AE-QoL). Moxie. Accessed February
23, 2016; 2015.

Reference Source

19.  Aygoren-Pursin E, Bygum A, Beusterien K, et al.: Socioeconomic burden of
hereditary angioedema: results from the hereditary angioedema burden of
iliness study in Europe. Orphanet J Rare Dis. 2014; 9: 99.

PubMed Abstract | Publisher Full Text | Free Full Text

Page 6 of 8


http://www.ncbi.nlm.nih.gov/pubmed/24735226
http://dx.doi.org/10.1111/trf.12674
http://www.ncbi.nlm.nih.gov/pubmed/23662043
http://dx.doi.org/10.2147/BTT.S27566
http://www.ncbi.nlm.nih.gov/pmc/articles/3647445
http://www.ncbi.nlm.nih.gov/pubmed/7872288
http://www.ncbi.nlm.nih.gov/pubmed/15730382
http://dx.doi.org/10.1111/j.1365-2249.2005.02726.x
http://www.ncbi.nlm.nih.gov/pmc/articles/1809312
http://www.ncbi.nlm.nih.gov/pubmed/11700154
http://dx.doi.org/10.1001/archinte.161.20.2417
http://www.ncbi.nlm.nih.gov/pubmed/25669442
http://dx.doi.org/10.1586/1744666X.2015.1012502
https://f1000.com/prime/725054612
http://www.ncbi.nlm.nih.gov/pubmed/16490473
http://dx.doi.org/10.1016/j.amjmed.2005.09.064
https://f1000.com/prime/725054612
http://www.ncbi.nlm.nih.gov/pubmed/1518394
https://f1000.com/prime/726392686
http://www.ncbi.nlm.nih.gov/pubmed/27246526
http://dx.doi.org/10.1016/j.jaci.2016.02.041
https://f1000.com/prime/726392686
http://www.ncbi.nlm.nih.gov/pubmed/17976427
http://dx.doi.org/10.1016/j.amjmed.2007.08.021
https://f1000.com/prime/1167988
http://www.ncbi.nlm.nih.gov/pubmed/19477491
http://dx.doi.org/10.1016/j.jaci.2009.03.038
https://f1000.com/prime/1167988
http://www.ncbi.nlm.nih.gov/pubmed/16638441
http://dx.doi.org/10.1016/j.bbrc.2006.03.092
http://www.ncbi.nlm.nih.gov/pubmed/19647418
http://dx.doi.org/10.1016/j.jdermsci.2009.06.013
http://www.ncbi.nlm.nih.gov/pubmed/24673465
http://dx.doi.org/10.1111/all.12380
http://www.ncbi.nlm.nih.gov/pubmed/17186468
http://dx.doi.org/10.1086/509899
http://www.ncbi.nlm.nih.gov/pmc/articles/1698720
http://www.ncbi.nlm.nih.gov/pubmed/22913638
http://dx.doi.org/10.1111/all.12007
https://f1000.com/prime/726260518
http://www.ncbi.nlm.nih.gov/pubmed/27038109
http://dx.doi.org/10.1111/all.12900
https://f1000.com/prime/726260518
http://moxie-gmbh.de/medical-products/10/mastocytosis-quality-of-life-questionnaire-mc-qol-nicht-kommerzieller-gebrauch?c=7
http://www.ncbi.nlm.nih.gov/pubmed/24996814
http://dx.doi.org/10.1186/1750-1172-9-99
http://www.ncbi.nlm.nih.gov/pmc/articles/4105891

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bork K, Davis-Lorton M: Overview of hereditary angioedema caused by C1-
inhibitor deficiency: assessment and clinical management. Eur Ann Allergy Clin
Immunol. 2013; 45(1): 7-16.

PubMed Abstract

US Hereditary Angioedema Association.
Reference Source

Craig TJ, Levy RJ, Wasserman RL, et al.: Efficacy of human C1 esterase
inhibitor concentrate compared with placebo in acute hereditary angioedema
attacks. J Allergy Clin Immunol. 2009; 124(4): 801-8.

PubMed Abstract | Publisher Full Text

Sabharwal G, Vernon N, Zbrozek A, et al.: Comparative Economics of On-
Demand Treatment Options Approved in the United States for Hereditary
Angioedema. J Allergy Clin Immunol. 2013; 131(2): AB33.

Publisher Full Text

Lumry W, Soteres D, Gower R, et al.: Safety and efficacy of C1 esterase
inhibitor for acute attacks in children with hereditary angioedema. Pediatr
Allergy Immunol. 2015; 26(7): 674—-80.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

E Lumry W, Manning ME, Hurewitz DS, et al.: Nanofiltered C1-esterase
inhibitor for the acute management and prevention of hereditary angioedema
attacks due to C1-inhibitor deficiency in children. J Pediatr. 2013; 162(5):
1017-22.e1-2.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Farkas H, Csuka D, Veszeli N, et al.: Home treatment of attacks with conestat
alfa in hereditary angioedema due to C1-inhibitor deficiency. Allergy Asthma
Proc. 2014; 35(3): 255-9.

PubMed Abstract | Publisher Full Text

MacGinnitie AJ, Davis-Lorton M, Stolz LE, et al.: Use of ecallantide in
pediatric hereditary angioedema. Pediatrics. 2013; 132(2): e490-7.
PubMed Abstract | Publisher Full Text | F1000 Recommendation

MacGinnitie AJ: Pediatric hereditary angioedema. Pediatr Allergy Immunol.
2014; 25(5): 420-7.

PubMed Abstract | Publisher Full Text | Free Full Text | F1000 Recommendation
Charignon D, Spéth P, Martin L, et al.: Icatibant, the bradykinin B2 receptor
antagonist with target to the interconnected kinin systems. Expert Opin
Pharmacother. 2012; 13(15): 2233-47.

PubMed Abstract | Publisher Full Text

Frank MM, Zuraw B, Banerji A, et al.: Management of Children With Hereditary
Angioedema Due to C1 Inhibitor Deficiency. Pediatrics. 2016; 138(5):

pii: €20160575.

PubMed Abstract | Publisher Full Text

Farkas H, Csuka D, Zotter Z, et al.: Prophylactic therapy in children with
hereditary angioedema. J Allergy Clin Immunol. 2013; 131(2): 579-82.e1-2.
PubMed Abstract | Publisher Full Text

Birjmohun RS, Kees Hovingh G, Stroes ES, et al.: Effects of short-term and
long-term danazol treatment on lipoproteins, coagulation, and progression
of atherosclerosis: two clinical trials in healthy volunteers and patients with
hereditary angioedema. Clin Ther. 2008; 30(12): 2314-23.

PubMed Abstract | Publisher Full Text

Cicardi M, Bergamaschini L, Cugno M, et al.: Long-term treatment of hereditary
angioedema with attenuated androgens: a survey of a 13-year experience.

J Allergy Clin Immunol. 1991; 87(4): 768-73.

PubMed Abstract | Publisher Full Text

Craig TJ: Appraisal of danazol prophylaxis for hereditary angioedema. Allergy
Asthma Proc. 2008; 29(3): 225-31.

PubMed Abstract | Publisher Full Text

F1000Research 2017, 6(F1000 Faculty Rev):1205 Last updated: 24 JUL 2017

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

Hosea SW, Santaella ML, Brown EJ, et al.: Long-term therapy of hereditary
angioedema with danazol. Ann Intern Med. 1980; 93(6): 809-12.
PubMed Abstract | Publisher Full Text

Tse KY, Zuraw BL, Chen Q, et al.: Anabolic androgen use in the
management of hereditary angioedema: Not so cheap after all. Ann Allergy
Asthma Immunol. 2017; 118(4): 456-460.e1.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Frank M, Gelfand JA, Alling DW, et al.: Epsilon aminocaproic acid for hereditary
angioedema. N Engl J Med. 1977; 296(21): 1235-6.

PubMed Abstract | Publisher Full Text

Sheffer AL, Austen KF, Rosen FS: Tranexamic acid therapy in hereditary
angioneurotic edema. N Engl J Med. 1972; 287(9): 452-4.

PubMed Abstract | Publisher Full Text

A Study to Evaluate the Clinical Efficacy and Safety of Subcutaneously
Administered C1-esterase Inhibitor in the Prevention of Hereditary
Angioedema. 2017; Accessed July 14, 2017.

Reference Source

Longhurst H, Cicardi M, Craig T, et al.: Prevention of Hereditary Angioedema
Attacks with a Subcutaneous C1 Inhibitor. N Engl J Med. 2017; 376(12): 1131-40.
PubMed Abstract | Publisher Full Text

Study to Evaluate the Clinical Efficacy and Safety of Subcutaneously
Administered C1 Esterase Inhibitor for the Prevention of Angioedema Attacks
in Adolescents and Adults With Hereditary Angioedema. 2017; Accessed July
14, 2017.

Reference Source

Double-Blind, Multiple Ascending Dose Study to Assess Safety, Tolerability
and Pharmacokinetics of DX-2930 in Hereditary Angioedema (HAE) Subjects.
2017; Accessed July 14, 2017.

Reference Source

BioCryst Reports Additional Positive Results From the Second Interim
Analysis of Its APeX-1 Trial. 2017; Accessed July 14, 2017.
Reference Source

Efficacy and Safety of BCX7353 to Prevent Angioedema Attacks in Subjects
With Hereditary Angioedema. 2017; Accessed July 14, 2017.
Reference Source

A Phase 2 HAE Prophylaxis Study With Recombinant Human C1 Inhibitor.
2017; Accessed July 14, 2017.
Reference Source

A Pharmacokinetic, Tolerability and Safety Study of Icatibant in Children
and Adolescents With Hereditary Angioedema. 2017; Accessed July 14, 2017.
Reference Source

Bygum A, Fagerberg CR, Ponard D, et al.: Mutational spectrum and phenotypes
in Danish families with hereditary angioedema because of C1 inhibitor
deficiency. Allergy. 2011; 66(1): 76-84.

PubMed Abstract | Publisher Full Text

Sabharwal G, Craig TJ: Improving the quality of care for hereditary angioedema
patients. Annals of allergy, asthma & immunology. 2012; 109(5): A35.
Reference Source

Speletas M, Szilagyi A, Csuka D, et al.: F12-46C/T polymorphism as modifier
of the clinical phenotype of hereditary angioedema. Allergy. 2015; 70(12):
1661-4.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Dessart P, Defendi F, Humeau H, et al.: Distinct conditions support a novel
classification for bradykinin-mediated angio-oedema. Dermatology. 2015;
230(4): 324-31.

PubMed Abstract | Publisher Full Text | F1000 Recommendation

Page 7 of 8


http://www.ncbi.nlm.nih.gov/pubmed/23678554
http://www.haea.org/
http://www.ncbi.nlm.nih.gov/pubmed/19767078
http://dx.doi.org/10.1016/j.jaci.2009.07.017
http://dx.doi.org/10.1016/j.jaci.2012.12.800
https://f1000.com/prime/725641802
http://www.ncbi.nlm.nih.gov/pubmed/26171584
http://dx.doi.org/10.1111/pai.12444
https://f1000.com/prime/725641802
https://f1000.com/prime/718018291
http://www.ncbi.nlm.nih.gov/pubmed/23312695
http://dx.doi.org/10.1016/j.jpeds.2012.11.030
https://f1000.com/prime/718018291
http://www.ncbi.nlm.nih.gov/pubmed/24801469
http://dx.doi.org/10.2500/aap.2014.35.3743
https://f1000.com/prime/718045317
http://www.ncbi.nlm.nih.gov/pubmed/23878046
http://dx.doi.org/10.1542/peds.2013-0646
https://f1000.com/prime/718045317
https://f1000.com/prime/718202484
http://www.ncbi.nlm.nih.gov/pubmed/24313851
http://dx.doi.org/10.1111/pai.12168
http://www.ncbi.nlm.nih.gov/pmc/articles/4282351
https://f1000.com/prime/718202484
http://www.ncbi.nlm.nih.gov/pubmed/22970904
http://dx.doi.org/10.1517/14656566.2012.723692
http://www.ncbi.nlm.nih.gov/pubmed/27940765
http://dx.doi.org/10.1542/peds.2016-0575
http://www.ncbi.nlm.nih.gov/pubmed/23014586
http://dx.doi.org/10.1016/j.jaci.2012.08.001
http://www.ncbi.nlm.nih.gov/pubmed/19167590
http://dx.doi.org/10.1016/j.clinthera.2008.12.021
http://www.ncbi.nlm.nih.gov/pubmed/2013670
http://dx.doi.org/10.1016/0091-6749(91)90120-D
http://www.ncbi.nlm.nih.gov/pubmed/18387221
http://dx.doi.org/10.2500/aap.2008.29.3107
http://www.ncbi.nlm.nih.gov/pubmed/7447186
http://dx.doi.org/10.7326/0003-4819-93-6-809
https://f1000.com/prime/727391284
http://www.ncbi.nlm.nih.gov/pubmed/28283277
http://dx.doi.org/10.1016/j.anai.2017.01.015
https://f1000.com/prime/727391284
http://www.ncbi.nlm.nih.gov/pubmed/854067
http://dx.doi.org/10.1056/NEJM197705262962119
http://www.ncbi.nlm.nih.gov/pubmed/4558045
http://dx.doi.org/10.1056/NEJM197208312870907
https://clinicaltrials.gov/ct2/show/NCT01912456
http://www.ncbi.nlm.nih.gov/pubmed/28328347
http://dx.doi.org/10.1056/NEJMoa1613627
https://clinicaltrials.gov/ct2/show/NCT02584959
https://clinicaltrials.gov/ct2/show/NCT02093923
http://investor.shareholder.com/biocryst/releasedetail.cfm?ReleaseID=1027878
https://www.clinicaltrials.gov/ct2/show/NCT02870972
https://clinicaltrials.gov/ct2/show/NCT02247739
https://clinicaltrials.gov/ct2/show/NCT01386658
http://www.ncbi.nlm.nih.gov/pubmed/20804470
http://dx.doi.org/10.1111/j.1398-9995.2010.02456.x
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=vlLqb24AAAAJ&citation_for_view=vlLqb24AAAAJ:9yKSN-GCB0IC
https://f1000.com/prime/725703279
http://www.ncbi.nlm.nih.gov/pubmed/26248961
http://dx.doi.org/10.1111/all.12714
https://f1000.com/prime/725703279
https://f1000.com/prime/725370124
http://www.ncbi.nlm.nih.gov/pubmed/25720836
http://dx.doi.org/10.1159/000371814
https://f1000.com/prime/725370124

FIOOOResearch F1000Research 2017, 6(F1000 Faculty Rev):1205 Last updated: 24 JUL 2017

Open Peer Review

Current Referee Status: v v

Editorial Note on the Review Process

F1000 Faculty Reviews are commissioned from members of the prestigious F1000 Faculty and are edited as a
service to readers. In order to make these reviews as comprehensive and accessible as possible, the referees
provide input before publication and only the final, revised version is published. The referees who approved the
final version are listed with their names and affiliations but without their reports on earlier versions (any comments
will already have been addressed in the published version).

The referees who approved this article are:

1 Anastasios E Germenis - Department of Immunology and Histocompatibility, School of Medicine, University
of Thessaly, Larissa, Greece
Competing Interests: No competing interests were disclosed.

1 Christian Drouet 1:2 ! Université Grenoble Alpes, GREPI EA7408, Grenoble, France
2 Centre de Référence des Angioedémes (CREAK), CHU Grenoble Alpes, Grenoble, France
Competing Interests: No competing interests were disclosed.

Page 8 of 8


http://f1000research.com/collections/f1000-faculty-reviews/about-this-channel
http://f1000.com/prime/thefaculty

