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ABSTRACT

Background: Ever-expanding armamentarium of treatments for hereditary angioedema (HAE) are associated with various
adverse effects, issues with vascular access, or lack of self-administration.

Objective: To understand patients’ impressions and confidence in their past and present treatments, and identifying adverse
events while also directly asking patients to reveal their hope for the future of HAE management and treatments.

Methods: After institutional review board approval, all subjects with laboratory-confirmed HAE were mailed a survey that
they completed and returned to the researchers, and data were collected and entered into a secure online web application for
surveys. Medication confidence data were summarized and expressed as means, medians, standard deviations, and quartiles by
using a 5-point Likert scale. Analyses were performed by using statistical software.

Results: Of 150 surveys, 38 (25.3%) were completed. Among 36 subjects, 27 (75.0%) were female subjects, and the mean
age was 50.1 years. Cinryze and Berinert (both Cl-esterase inhibitors) had the highest median scores (5.0) for patient
confidence, followed by ecallantide (4.5), icatibant (4.0), and androgens (2.0). For Cinryze, 64.3% selected it as the most
effective and 57.1% tolerated it best. For Berinert, 50% of the subjects found it to be most effective and 59.1% tolerated it best.
Some subjects listed androgens as most effective (33.3%) or best tolerated (16.7%), and many reported that this class caused
the most adverse effects (44.4%). Among those who answered, 50% preferred a noninvasive method of administration, such as
oral (24%), subcutaneous (18%), or not intravenous (8%) routes.

Conclusion: Determining patient predilections and the reasoning behind them can be valuable for determining specific

therapies to achieve each individual’s personal goals.

(Allergy Asthma Proc 39:74-80, 2018; doi: 10.2500/aap.2018.39.4095)

Hereditary angioedema (HAE) was initially de-
scribed in 1888 by William Osler when he was a
staff physician in Philadelphia.' Over time, it was de-
termined that HAE is caused by a deficiency in func-
tional C1 inhibitor and is transmitted in an autosomal
dominant fashion. HAE involves all ethnic groups
equally, without a well-defined prevalence, with some
estimates that indicate ~1 case per 50,000 individuals;
there are possibly 6000 patients in the United States
living with HAE.>®> HAE manifests with recurrent ep-
isodes of nonpruritic, nonpitting, subcutaneous and
submucosal edema that involves various parts of the
body, especially arms, legs, hands, feet, intestines, gen-
italia, trunk, face, tongue, and larynx.2 Before an attack,
there can be prodromal symptoms, such as fatigue,
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muscle aches, and rash (i.e., erythema marginatum).*
Symptoms are considerably variable among individu-
als and can begin in early childhood (50% by 10 years
of age, nearly all by 20 years of age), worsen during
puberty, and persist throughout life.>?

Over the past few decades, analysis of the research
has revealed the importance of C1 inhibitor involve-
ment in various pathways. It is the major inhibitor of
complement proteases (Clr, Cls, and mannose-bind-
ing lectin-associated serine proteases 1 and 2), contact
system proteases (plasma kallikrein and coagulation
factor XlIla), and a minor inhibitor of the fibrinolytic
protease plasmin and the coagulation protease factor
Xla.? This cascade of events leads to the overproduc-
tion of bradykinin that potently binds to the brady-
kinin B2 receptor on vascular endothelial cells, which
results in increased permeability. Understanding HAE
and the pathways involved created a renaissance in
treatment development for acute attacks and short-
and long-term prophylaxis for this disease over the
past few years. There have been several expert panel
meetings and published consensus statements to clar-
ify and provide algorithms for the diagnosis and man-
agement of this complex disease.”? In fact, because of
the inconsistency in available medications around the
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world, recommendations vary by country.’*!” An ef-
fort has been made to summarize all of these docu-
ments,'® but there will be difficulty in doing so in the
coming years because of newer agents and the unique-
ness of each patient with HAE, which will lead to a
more patient-centered approach to management.

For now, the influx of new treatments since 2008 has
been welcome news for patients with HAE who have
this chronic, incapacitating, and disfiguring disease.
Attacks that involve the hands and feet can restrict a
patient’s ability to work and perform activities of daily
living, and result in constant fear, anxiety, and depres-
sion.'” In fact, one survey conducted in 2004 by using
a website of 63 patients with HAE, revealed that their
three greatest fears were sudden airway closure (85%),
intolerable pain (65%), and transmission of HAE to
their children (55%).?° Another aspect to consider is the
economic burden of HAE, in which the average annual
cost per patient is $42,000 with hospitalizations, which
accounts for 67% of direct medical costs.” This is exac-
erbated by patients” dissatisfaction of the care they
received during an HAE attack in the emergency de-
partment,”" which results in reduced confidence in the
ability of the medical community to adequately treat
them.*

In the present climate of managed care and person-
alized medicine, patient-driven management of disease
will become a viable and more satisfying option. How-
ever, the treatments that are available are associated
with uncomfortable adverse effects, issues with vascu-
lar access, or a lack of self-administration. We per-
formed a survey to understand patients’ impressions
and confidence in their past and present treatments,
while also directly asking them to reveal their hope for
the future of HAE management and treatments, espe-
cially in light of the new therapies that are expected to
be available in the next few years. In addition, we
wanted to focus on adverse events of therapies without
biasing the patient; we achieved this by having all
known adverse events for all the medications listed
under each medication. Also, it was our impression
that comparing therapies such as we did was impor-
tant because determining patient predilections and the
reasoning behind them can be valuable for determin-
ing specific therapies to achieve each individual’s per-
sonal goals.

METHODS

Data Collection

This study was approved by the institutional review
board of Penn State University, Hershey, Pennsylva-
nia. Study team members developed and queried an
established HAE data base for potential subjects diag-
nosed with HAE types I and II. All the patients had
laboratory-proven HAE type I (HAE with C1 inhibitor
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deficiency) and HAE type II (HAE with C1 inhibitor
dysfunction), and were diagnosed by an allergist/im-
munologist with expertise in this area. All the subjects
were mailed the survey which included a self-ad-
dressed return envelope via the U.S. Postal Service.
Once completed, the subjects mailed the surveys back
to the researchers without their identifying informa-
tion, and data were collected and entered into RED-
Cap.”

Survey

The survey and questions were developed in collab-
oration with HAE experts (T.C.), a statistician (E.B.L),
and the institutional review board. The first section
was an explanation of the study, which was voluntary,
and consent was implied when the questionnaire was
completed and received by us. The next section was for
demographic and patient characteristics, such as gen-
der, age, years with HAE, and type of HAE. The sub-
jects were then requested to list HAE medications that
they were taking or had taken in the past. For each
medication they listed, there was a section in which the
subjects had to mark adverse effects, from a list inclu-
sive of all known HAE drug adverse effects, that they
experienced for each specific therapy. They then were
requested to answer questions about which medica-
tions were most effective, tolerated best, and had the
most adverse effects. The last question inquired about
what development in HAE therapy would the subject
like to see or have in the future.

Statistical Analysis

All analyses were performed by using SAS version
9.4 (SAS Institute, Inc., Cary, NC). Medication effec-
tiveness, toleration, overall adverse effects, and indi-
vidual adverse effects data were summarized by using
percentages and frequencies. Medication confidence
data were summarized by means, medians, standard
deviations, and quartiles. Because this study was ob-
servational, with the subjects having multiple medica-
tions at times but not the same medications, no infer-
ential analysis with comparisons among medications
was possible.

RESULTS

Patient Characteristics

A total of 150 surveys were sent to the subjects, and
38 (25.3%) were completed and returned. There were
two subjects who did not select a gender and so,
among 36 subjects, 27 were female subjects (75.0%).
The mean age of the subjects was 50.1 years. Of the 35
subjects who answered the question for type of HAE,
30 (85.7%) self-identified as type I and 5 (14.3%) as type
II (Table 1).
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Table 1 Patient characteristics

No. (%)

Surveys

Total mailed 150

Total completed 38 (25.3)
Sex (n = 36)

Male 9 (25.0)

Female 27 (75.0)
HAE types (n = 35)

I 30 (85.7)

II 5(14.3)
Age of subjects, y

Mean 50.1

Median 52

HAE = Hereditary angioedema.

Table 2 HAE medications past or present use
(n = 38)

Medication No. (%)
Icatibant 29 (76.3)
Berinert 22 (57.9)
Androgens 18 (47.4)
Cinryze 14 (36.8)
Ecallantide 6 (15.8)
Ruconest 2 (5.3)
Tranexamic acid 1(2.6)

HAE = Hereditary angioedema.

HAE Medications

The majority of the respondents (76.3%) used icatibant
(Firazyr; Shire, Dublin, Ireland) at some point in their
lives. A smaller number had used Berinert (CSL Behring,
King of Prussia, PA) (57.9%), androgens (danazol, stano-
zolol, and oxandrolone) (47.4%), Cinryze (Shire, Lexing-
ton, MA) (36.8%), ecallantide (Kalbitor; Dyax Corp., Bos-
ton, MA) (15.8%), Ruconest (Pharming Group NV, Liden,
the Netherlands) (5.3%), and tranexamic acid (2.6%), as
presented in Table 2. Because of orphan drug rules, we
were obliged to use the “brand name” of the Cl-es-
terase inhibitor drugs because they are administered
for unique indications. For this reason, Cl-inhibitor
were referred to as either Berinert (indicated for on-
demand therapy) or Cinryze (indicated for prophy-
laxis); however, because both drugs are biosimilar,
they can be used interchangeably.

HAE Medication Known Adverse Effects

Patients who were on androgens reported the most
adverse effects (Table 3), including weight gain (59.0%),
abnormal liver enzymes (40.9%), depression (36.4%),
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menstrual abnormalities (36.4%), acne (27.3%), altered
libido (22.7%), fatigue (18.2%), hypertension (9.1%),
muscle pain and/or cramps (4.5%), and redness or
flush (4.5%). For icatibant, the main adverse effect was
injection-site pain (41.4%). Anaphylaxis was only re-
ported by one subject (16.7%), who had used ecallan-
tide. Ecchymoses were reported with the C1 inhibitor
products: Berinert (18.2%) and Cinryze (14.3%).

Patient Confidence

Summary statistics of the confidence (1, not at all
confident; 2, not confident; 3, equivocal; 4, somewhat
confident, 5, completely confident) for each medication
by using the pictures that patients selected for each
medication were calculated (Fig. 1). Cinryze and Beri-
nert had the highest median scores (5.0) for patient
confidence, followed by ecallantide (4.5), icatibant
(4.0), and androgens (2.0). Tranexamic acid and Ru-
conest were not included because each had only one
response and a comparison could not be made.

Patient Impression of Medications

Among those who used Cinryze, 64.3% marked it
as the most effective and 57.1% marked it as the best
tolerated medication (Table 4). For Berinert, one-half
of the patients found it to be most effective and 59.1%
tolerated it best. For ecallantide and icatibant, as re-
vealed in Fig. 2, there was a similar percentage of
patients who found that these were most effective
(33.3% versus 31.0%) and best tolerated (50.0% versus
37.9%). Very few subjects listed androgens as most
effective (33.3%) or best tolerated (16.7%), and most
reported that this drug class caused the most adverse
effects (44.4%).

Patient Treatment Preference

More than one-third (34%) did not respond to the
question that asked for the main development that the
subject would like to see or have with regard to HAE
medications. However, 50% of those who responded
preferred a noninvasive method of administration,
such as oral (24%), subcutaneous (18%), or not intra-
venous (8%) routes (Fig. 3).

DISCUSSION

Patients with HAE experience significant physical,
emotional, and financial burdens with their disease,
which can be unpredictable, debilitating, disfiguring,
and life-threatening. Therefore, an individualized HAE
treatment plan is necessary for all patients, and taking
into account parameters such as location, rate, and
severity of attacks; patient preference; age; gender;
pregnancy; access to medical facilities; geography; co-
morbid conditions (i.e., prostate and breast cancer); and
chronic medication use (i.e., angiotensin-converting en-
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Table 3 HAE medication adverse effects

Adverse Effect HAE Medication, no. (%)
Cinryze Berinert Ecallantide Icatibant Ruconest Androgens Tranexamic Acid
m=14) n=22) m=06) =29 @n=2 (n = 22) m=1
Abnormal liver enzymes 0 (0) 0 (0) 0 (0) 0(0) 0(0) 9 (40.9) 0 (0)
Acne 0 (0) 0 (0) 0 (0) 0(0) 0(0) 6 (27.3) 0(0)
Altered libido 0 (0) 1(4.5) 0 (0) 0(0) 0(0) 5(22.7) 0 (0)
Anaphylaxis 0 (0) 0 (0) 1(16.7) 0(0) 0(0) 0 (0) 0(0)
Black and blue spots 2(14.3) 4(18.2) 0 (0) 10 (34.5) 1 (50.0) 0 (0) 0(0)
Bleeding 0 (0) 0 (0) 0 (0) 2(6.9) 0(0) 0 (0) 0(0)
Blood clots 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0(0) 0(0)
Constipation 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0(0) 0(0)
Depression 0 (0) 0 (0) 0 (0) 0(0) 0(0) 8 (36.4) 0(0)
Fatigue 1(7Z1) 20900  0(0) 4(13.8) 0(0) 4(182) 0(0)
Headaches 1(7.1) 0(0) 0 (0) 2 (6.9) 0(0) 0 (0) 0(0)
Hypertension 0 (0) 0 (0) 0 (0) 0(0) 0(0) 2(9.1) 0(0)
Infection 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0(0) 0(0)
Menstrual abnormalities 0 (0) 0 (0) 0 (0) 0(0) 0(0) 8 (36.4) 0(0)
Muscle pain and/or cramps 0 (0) 0 (0) 0 (0) 1(3.4) 0(0) 1(4.5) 0(0)
Nausea 1(71) 145) 0 (0) 0(0) 0 (0) 0 (0) 0(0)
Pain 0 (0) 20900 1(167) 12(41.4) 0(0) 0 (0) 0(0)
Redness or flush 0(0) 1(4.5) 0(0) 7(24.1) 0(0) 1(4.5) 0(0)
Viral infections 0 (0) 0 (0) 0 (0) 0(0) 0(0) 0 (0) 0(0)
Weight gain 0 (0) 0 (0) 0 (0) 134) 00 13 (59.0) 0(0)

HAE = Hereditary angioedema.

CINRYZE

BERINERT

ECALLANTIDE

ICATIBANT

ANDROGENS

: A 5 4 & 5
T = &3
— | ee—

Figure 1. Patients’ confidence with medications, with median scores.

zyme inhibitor and estrogens).** Choosing the best In an attempt to remain unbiased and to not directly
available medication that fits the patient’s needs with solicit a known drug adverse effect from the subject,
few adverse effects has the potential to improve each the adverse effects listed for each drug were inclusive
patient’s quality of life. of all known adverse effects for HAE medications. We
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Table 4 Overall patient impression of medications*

Cinryze Berinert Ecallantide Icatibant Androgens

(n =14) (n = 22) (n =6) (n = 29) (n = 18)
Most effective, no. (%) 9 (64.3) 11 (50.0) 2(33.3) 9 (31.0) 6(33.3)
Tolerated best, no. (%) 8(57.1) 13 (59.1) 3 (50.0) 11 (37.9) 3 (16.7)
Most adverse effects, no. (%) 0 (0.0) 0 (0.0 1(16.7) 8 (27.6) 8(44.4)
Confidence, median (IQR) 5.0 (0.0) 5.0 (1.0) 4.5 (3.0) 4.0 (1.0) 2.0 (3.0)

IQR = Interquartile range.

*The Ruconest (n = 2) and tranexamic acid (n = 1) groups did not have enough subjects to warrant summary statistics.

MOST EFFECTIVE

m Cinryze

TOLERATED BEST

MOST ADVERSE EFFECTS

Berinert m Ecallantide m Icatibant m Androgens

Figure 2. Overall patients” impression of medications.

were concerned that past studies solicited specific ad-
verse effects associated with androgens, while not so-
liciting specific adverse effects associated with some of
the newer medications. Attenuated androgens, such as
danazol, stanozolol, and oxandrolone, are routinely
used to prevent the development of acute attacks of
HAE, and they were the only effective option for pro-
phylactic treatment in the United States before the
availability of nanofiltered C1 inhibitor.*>*® As ex-
pected, in our study, androgens had the most adverse
effects and intolerance.

For patients, adverse effects impact their impression
of and confidence in medications, which play a large
factor in their adherence and comfort.”” However, de-
spite our understanding of adverse effects,*® confi-
dence is difficult to interpret and has not been evalu-
ated before in this way. Our study revealed that
patients had the most confidence in Cinryze and Beri-
nert, followed by ecallantide and icatibant; this same
order applied to patients” overall impression of medi-
cations and what they felt were most effective and
tolerated best. For patients, androgens had the most
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adverse effects, the lowest median confidence, and the
least overall positive impression of the medication,
despite it being an oral medication.?’ The World Al-
lergy Organization states that self-administration is the
preferred method of treatment because of its proven
benefit to decrease absenteeism, cost, disease burden,
and potential morbidity and mortality.'*'**° Cur-
rently, the only medication not able to be self-admin-
istered is ecallantide; however, despite this restriction,
a fair number of patients were pleased with the med-
ication, the adverse effect profile, and benefit, and had
greater confidence in it than in icatibant.

One study, by Wang et al.,*” reported that home was
the patients’ first choice for the most comfortable loca-
tion to receive therapy. This is consistent with a work-
group statement that self-administration and home
therapy should be considered for every patient.*! Our
subjects revealed that they prefer noninvasive routes of
administration. In fact, of those who responded, 76%
preferred a less-invasive route, of which 47% preferred
an oral route and 37% preferred the subcutaneous
route. As reported, the main challenge for self-admin-
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Affordable
5%

Longer Duration
B%

No Response
34%

Non Invasive =
50%

Oral Medication
24%

Subcutaeous Medication
18%

Not Intravenous
8%

Figure 3. Patients’ treatment preference.

istration is obtaining the necessary skill set, and this is
especially true for intravascular administration and
less so for subcutaneous administration.?’ However,
independence can be associated with hazards, and,
despite how effective a prophylactic agent is, an “on-
demand therapy” is essential to have available at all
times. In addition, if an attack does not respond to
on-demand therapy, then the differential diagnosis of
the symptoms and signs needs to be expanded. With
the efficacy associated with the newer medications to
be introduced to the HAE universe soon, it may be
difficult for patients to remember to carry their on-
demand therapy.

There were limitations to this study. The concern for
any one-time survey done voluntarily is the risk of bias
and, in this case, selection bias. Participation was based
on self-selection, which can affect the representative-
ness of the study population. Not every patient an-
swered all of the questions, which can affect the gen-
eralizability of the results. Most of the respondents
were female patients (75.7%) who have been shown to
experience more-severe symptoms, and this could in-
dicate a bias as well.** Another consideration is that,
because the patient information was retrieved from a
university data base, there was the possibility of re-
gional and geographic bias. There are several advan-
tages to this study as well. We were able to collect data
from a relatively large number of patients with a very
rare disease. Even if the actual response rate seemed to
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be small, the percentage was greater than expected for
most random surveys.

CONCLUSION

Clinical trials and research of new treatments in var-
ious stages of development seem promising and could
add to the armamentarium for HAE. These new treat-
ments include the following: subcutaneous formula-
tions of C1 inhibitor (Berinert and Cinryze®?); recom-
binant fully human monoclonal antibody against
plasma kallikrein (lanadelumab),®® factor XII inhibitor;
orally administered small molecular kallikrein inhibi-
tor (avoralstat)®*; an antisense drug designed to inhibit
the production of prekallikrein (Ionis-PKKRx, Ionis
Pharmaceuticals, Carlsbad, CA); and, possibly, genetic
insertion of normal C1-inhibitor genes.>® Because com-
parative studies are essentially impossible, studies sim-
ilar to this will be important in the future to compare
present, new, and evolving therapies.
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