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ABSTRACT

Background: Novel subcutaneous (SC) prophylactic therapies are transforming the treatment landscape of hereditary angioedema (HAE). Although questions are being raised about their cost, little attention has been paid to the cost and quality of
life (QoL) impact of using on-demand–only medications.
Objective: We assessed the overall economic burden of on-demand–only treatment for HAE and compared patient QoL
with patients who received novel SC prophylactic therapies.
Methods: US Hereditary Angioedema Association members were invited to complete an anonymous online survey to proﬁle attack frequency, treatment use, and the presence of comorbidities as well as economic and socioeconomic variables. We
modeled on-demand treatment costs by using net pricing of medications in 2018, indirect patient and caregiver costs, and
attack-related direct billed costs for emergency department admissions, physician ofﬁce visits, and/or hospitalizations. QoL
was assessed by using the Angioedema Quality of Life questionnaire.
Results: A total of 1225 patients (31.4%) responded. Of these, 737 adults with HAE (type I or II) met the inclusion criteria
and completed the survey. Per patient/year direct costs associated with modeled on-demand–only treatment totaled $363,795,
with additional indirect socioeconomic costs of $52,576 per patient/year. The greatest improvement in QoL was seen in
patients who used novel SC prophylactic therapies, with a 59.5% (p < 0.01) improvement in median impairment scores versus
on-demand–only treatment. In addition, patients who used novel SC prophylactic therapies reported a 77% reduction in the
number of attacks each year when compared with those who used on-demand–only treatment.
Conclusion: Our real-world patient data showed the cost and QoL burden of HAE treatment with on-demand–only therapy. Use
of novel SC prophylaxis can lead to sizeable reductions in attack frequency and statistically signiﬁcant and clinically relevant improvements in QoL. These data could be useful to clinicians and patients as they consider therapy options for patients with HAE.
(Allergy Asthma Proc 42:108–117, 2021; doi: 10.2500/aap.2021.42.200127)
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ereditary angioedema (HAE) caused by C1 inhibitor (C1-INH) deﬁciency is a rare, debilitating, and
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potentially fatal genetic disorder that affects <8000 people
in the United States.1 Two types of HAE are linked to
depressed circulating levels of functional C1-INH protein:
HAE with low antigenic C1-INH (type I) and HAE with
normal antigenic but deﬁcient functional C1-INH (type
II).2 Both types of HAE cause severe and unpredictable
bouts of cutaneous and mucosal swelling. Cutaneous
attacks can affect the extremities, face, trunk, or genitourinary area.3,4 Almost all patients experience abdominal
symptoms (pain, nausea, and vomiting) caused by edema
in the gastrointestinal mucosa, which may be severe and
can be confused with a surgical abdomen. Laryngeal
swelling that leads to death by asphyxiation is an omnipresent risk.4 Patients with HAE can experience a deleterious impact on their mental health; in the United States,
up to 43% are affected by depression and 15% reported
experiencing anxiety.5–7
Since 2008, eight medicines have been approved for the
treatment of HAE (Table 1).8 These drugs have been
approved under the aegis of the U.S. Food and Drug
Administration (FDA) Orphan Drug Act,9,10 which provides incentives that make it economically feasible to develop rare disease therapies. FDA approval of two highly
effective novel subcutaneous (SC) prophylactic therapies
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Table 1. New medications for the treatment of hereditary angioedema introduced in the United States since 2008*
Medication

Approved for Use in the United States

On-demand medications
C1 inhibitor concentrate (Berinert#)
b 2 bradykinin receptor antagonist (Firazyr§)
Kallikrein inhibitor (Kalbitor§)
Plasma-free RhC1INH (Ruconest{)
Prophylactic medications
C1 esterase inhibitor (Cinryze§)
Plasma-derived concentrate of C1 esterase inhibitor (HAEGARDA#)
Plasma kallikrein inhibitor (Takhzyro§, Orladeyo||)
RhC1INH = Recombinant human C1 esterase inhibitor.
*From Ref. 8.
#CSL Behring, King of Prussia, Pennsylvania, United States.
§Takeda, Japan.
{Pharming Group NV, The Netherlands.
||BioCryst Pharmaceuticals Inc. Durham, North Carolina, United States.
(lanadelumab [Takeda Pharmaceutical Company Ltd,
Japan] and human C1-INH (SC) [CSL Behring, King of
Prussia, Pennsylvania, United States]) offer the potential
to transform the HAE treatment landscape and an unprecedented opportunity for a vast majority of patients
to lead an attack-free life.11–14 The US Hereditary
Angioedema Association (HAEA) Medical Advisory
Board 2020 guidelines2 and treatment recommendations
note that decisions with regard to the use of long-term
prophylactic treatment should not be based on rigid criteria and should reﬂect individual patient circumstances
and needs when taking into account attack frequency
and severity, comorbidities, and patient preference. The
HAEA Medical Advisory Board further highlighted that
the novel therapies’ ability to normalize lives by offering
improved efﬁcacy, ease of use, and safety is expected to
shift the HAE management paradigm toward an
expanded adoption of long-term prophylaxis.2
The commercial availability of the novel SC HAE
therapies has prompted questions about the cost-effectiveness of prophylaxis versus an on-demand–only
treatment model,15 yet little attention has been paid to
the quality of life (QoL) impact and cost of using the
latter approach. Our objective was to use real-world
HAE patient data to assess the pharmaco- and socioeconomic burden of an on-demand–only treatment
model and compare its impact on attack frequency and
QoL impairment with that of prophylaxis, in particular, the novel SC prophylactic therapies.
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severity, treatments, and comorbidities. Collated economic data included (1) the direct cost for medicines
used for treating an attack, emergency department
(ED) visits and hospitalizations, and (2) indirect socioeconomic burden for patients and caregivers. All costs
and medical care were directly related to HAE. A summary of the areas covered by the questionnaire is
included in Fig. 1. We used the validated Angioedema
Quality of Life questionnaire (AE-QoL)16 to assess the
impact of HAE on QoL (Fig. 2) due to its potential to
provide detailed information across multiple domains.
When using the AE-QoL, the higher the score, the
greater the QoL impairment. We interpreted a sixpoint change in the AE-QoL as meaningful for a
patient with HAE based on the work of Weller et al.17
The HAEA invited patients with HAE to participate
in the survey via electronic mail to its membership
data base (3904 patients) and social media (the private
Facebook Inc, California, United States page of the
HAEA membership). A screening question automatically excluded those respondents who had not been
formally diagnosed with HAE, were not the diagnosed
patient’s caregiver, or were < 18 years. Eligible patients
signed an online consent form. We did not seek institutional review board approval because the survey was
anonymous, and data collected could not be linked to
the respondent. Responses were collected in the period
from July 9 to 28, 2018.
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METHODS
Study Design
We designed a 103-question online survey instrument to capture real-world patient data on HAE
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Adults and pediatric patients
ⱖ18 y
ⱖ12 y
Adolescents and adults

Study Population
A total of 1225 individuals (31.4%) responded. Of
these, a total of 467 respondents were removed due to
the following: failure to complete the survey (258),
self-identiﬁed as having HAE with normal C1-INH
(171), or clinically inconsistent and/or incoherent
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Figure 1. Overview of question domains used to collate information about the direct costs and socioeconomic impact of hereditary angioedema (HAE).

Domain
Functioning

T

Item
Impairment of work
Impairment of physical activity
Impairment of spare time activities
Impairment of social relations

O
N

Fatigue/mood

Difficulties falling asleep
Waking up during the night
Feeling tired during the day
Difficulties in concentrating
Feeling downhearted

Fears/Shame

Feeling burdened at having swellings
Fear of new suddenly appearing swellings
Fear of increased frequency of swellings
Ashamed to visit public places
Embarrassed by the appearance of swellings
Fear of long-term negative drug effects

O
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Limitations in foods and eating
General limitations in the selection of food and beverages

Figure 2. Domains and scoring items adapted from the
Angioedema Quality of Life questionnaire (AE-QoL) for
Patients with Recurrent Swelling Episodes (from Ref. 16).

responses (38). The dataset for analysis totaled 758
qualiﬁed respondents. Of these, 737 had HAE caused
by C1-INH deﬁciency (Table 2) and 21 respondents
were caregivers only, who looked after one or more
patients with HAE. Of the 737 patients included in the
ﬁnal analysis, 37.3% (n = 275) were prescribed and
using on-demand–only treatment and reported treating 67.2% of their HAE attacks. Of the 62.7% (n = 462)
who received prophylactic treatment in addition to
having on-demand treatment available, 32.3% (n = 149)
received one of the novel SC prophylactic therapies
(C1-INH [SC] or lanadelumab). The remaining patients
on long-term prophylaxis were receiving C1-INH

(29.8%), androgens (18.2%), recombinant human C1 esterase inhibitor (RhC1INH) (3.0%), or a combination of
prophylactic agents (13.6%).
To further explore the real-world situation in which
access to medications may not be continuous, we identiﬁed patients who were receiving prophylactic treatment
and who experienced an interruption in their prophylactic treatment of at least 1 month during the previous
year. Of the total prophylactic group, 51.9% (n = 240)
reported such an interruption when they either did not
have access to or did not use their prophylactic treatment. This population was asked speciﬁcally about
their HAE attacks and QoL during the most recent full
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Table 2. Respondent characteristics (N = 737)
Patients
with HAE,
n (%)

Respondent Characteristics
Gender
Female
Male
Age
18–24 y
25–44 y
45–64 y
ⱖ65 y
Employment distribution
Working full-time
Working part-time
Unemployed or retired
Receiving disability benefit
Homemaker
Student (school)
Other
Treatment received
Prophylactic treatment
Novel prophylaxis only
Other forms of prophylaxis
C1 esterase inhibitor (Cinryze or
Berinert)
Androgens
RhC1INH
Combination of agents
Other medications (not licensed
for HAE)
Prophylactic treatment
initiated before January 2018
Novel prophylaxis only
Other forms of prophylaxis
On-demand-only treatment
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540 (73.3)
197 (26.7)
46 (6.2)
266 (36.1)
316 (42.9)
109 (14.8)
368 (49.9)
67 (9.09)
130 (17.6)
78 (10.6)
36 (4.9)
28 (3.8)
30 (4.1)
462 (62.7)
149 (20.2)
313 (42.5)
138 (18.7)

Statistical Analysis
Parameters are reported as mean 6 standard deviation, total U.S. dollars for pharmaco- and socioeconomic costs, and the median score on the AE-QoL
instrument. Statistical analysis was performed in Stata,
StataCorp, College Station, Texas, United States and
Excel, Microsoft Corporation, Washington, United
States by Copenhagen Economics. In all cases, a p
value of <0.05 was considered statistically signiﬁcant.
We used Mood’s median test to test for statistically signiﬁcant differences in QoL medians, which is a special
case of the Pearson x 2 test. Mood’s median test is a
nonparametric test with the null hypothesis that the
median QoLs of the two populations from which the
two samples are drawn are identical.
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Direct Costs of On-Demand–Only Treatment
The estimated direct costs of modeled on-demand–
only treatment were calculated by using several components (Table 3), speciﬁcally, the cost of treating HAE
attacks with on-demand medication; the frequency
and cost of ED visits, hospitalization, and specialist
consultations as a result of HAE attacks; and the incremental incidence and cost of comorbidities, such as
anxiety, depression, and posttraumatic stress disorder
per patient with HAE per annum. Medications comprise the largest component (62.5%) of modeled ondemand–only treatment, at an estimated $227,674 per
patient per year. The median cost of treatment “per
attack” was estimated by using self-reported data on
the amount and type of medication used to treat the
most recent attack and the net pricing of medication in
2018. The second highest component cost was hospitalization for treatment of an HAE attack (22.1%), followed by ED visits (12.5%).
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84 (11.4)
14 (1.9)
63 (8.5)
14 (1.9)

359 (48.7)

77 (10.4)
282 (38.3)
275 (37.3)

HAE = Hereditary angioedema; RhC1INH = Recombinant
human C1 esterase inhibitor.
month when they were not taking their prophylactic
medication. These responses were analyzed, along with
those from the 275 patients in the on-demand–only treatment group in a combined group referred to as the
“modeled on-demand–only treatment” group (n = 515)
to calculate the direct costs of treatment. When calculating these direct costs, the number of patients who used
the speciﬁed health care services was based on the proportion of the modeled on-demand–only treatment
group who answered the questions. Patients who were
using a single, novel SC prophylactic therapy before
January 2018 (n = 77) were evaluated in a subgroup analysis. Only those who began therapy before January
2018 were included to ensure that the survey data
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encompassed a full 6-month treatment period and
avoided the run-in period associated with phase III
trials.11,12

Socioeconomic Costs of On-Demand–Only
Treatment
The estimated socioeconomic costs of patients by using
modeled on-demand–only treatment are summarized in
Table 4. Survey respondents reported that HAE had a
substantial impact on their ability to work and their productivity when at work. When asked to estimate what
they would achieve if they did not have HAE, increased
labor market participation and improvements in productivity14 accounted for more than half (57.7%) of the indirect costs ($30,344). The possibility of greater educational
attainment (choice of education) and career advancement (promotion worth) in the absence of HAE represented 14.7% of the potential socioeconomic costs

111

Table 3. Direct costs of modeled on-demand–only treatment for HAE*#

Description

Patients Who
Used the Health
Care Service, n§

On-demand treatment{
ED visit||
Hospitalization||
Other medical attention##
Comorbidities
Depression
Anxiety
PTSD
Total

Attacks in Which
Treatment and/or
Cost per
Intervention Was
Patient with
Used (weighted
Treatment
HAE per Year,
average), % §
Cost, U.S.${||
U.S.$**

389
148
80
293

74.6
14.9
5.0
24.7

7118
9554
50,446
1133

205
232
59

20.7§§
12.5|| ||
1.2***

3448{{
3132{{
5772###

227,674
45,499
80,464
8958
1146
704
372
70
363,795

Total HealthEconomic
Effect, %

O
C
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P
62.6
12.5
22.1
2.5
0.3
0.
0.1
0.
100§§§

HAE = Hereditary angioedema; ED = emergency department; PTSD = posttraumatic stress disorder.
*Calculations were based on the survey responses unless stated otherwise in the following footnotes.
#The weighted average number of attacks was 32.0 based on the modeled on-demand treatment group (n = 515); the number of
patients who used the specified health care services was based on the same group; costs were based on the average cost of the
most recent attack for the on-demand–only treatment group (n = 275) to obtain up-to-date estimates of treatment costs.
§Obtained from the modeled on-demand group (n = 515).
{For on-demand treatment, this was the median cost of all recent attacks whether they were treated (positive cost) or not (zero
cost) (based on all patients [N = 737]).
||For ED visits, hospitalization, and other medical attention, these were the mean treatment costs for those respondents who
reported using the treatment/intervention after their most recent attack by using all patients, i.e., those who reported a positive
cost (N = 737). For comorbidities, the treatment cost was the incremental cost of diagnosis.
**The mean cost per patient with HAE per year for on-demand treatment was calculated by multiplying the weighted average
number of attacks (based on the modeled on-demand treatment group, n = 515) and the median cost of all recent attacks
whether they were treated (positive cost) or not (zero cost) (based on all patients [N = 737]); the mean costs per patient with
HAE per year for ED visit, hospitalization, and other medical attention were calculated by multiplying the weighted average
number of attacks by the share of attacks where the resource is used (both based on the modeled on-demand treatment group
[n = 515]) and by the estimated treatment cost (estimated by using the on-demand–only group [n = 275]); the mean cost per
patient with HAE per year from comorbidities was calculated by multiplying the excess share with a diagnosis (by using all
patients with HAE [N = 737]) and the incremental cost of diagnosis.
##Includes outpatient and other care, and visits to a general practitioner, an HAE specialist, or other specialists.
§§Excess share with a diagnosis: The prevalence of depression in the sample was 27.8%, whereas the U.S. prevalence in the
general population at the time of the survey was reported to be 7.1% (from Ref. 25).
{{From Ref. 26.
|| ||Excess share with a diagnosis: The prevalence of anxiety in the sample was 31.5%, whereas the U.S. prevalence in the
general population at the time of the survey was reported to be 19.1% (from Ref. 27).
***Excess share with a diagnosis: The prevalence of PTSD in the sample is 6.8%, whereas the U.S. prevalence in the general
population at the time of the survey was reported to be 8.0% (From Ref. 28).
###From Ref. 29.
§§§The difference in total percent and sum of the rows is due to rounding.
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($7683). Sick days due to HAE and the need to work
reduced hours because of HAE were estimated to cost
$6045 per patient per year and accounted for 11.5% of all
socioeconomic costs. For those respondents who indicated that they were either patients or caregivers or
solely caregivers, the fact that they would no longer
have to take time off work or could participate in the
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labor force, or be more productive while at work,
accounted for $7630 (14.5%).
Impact of Treatment on Attack Frequency
Attack frequency differed according to the type of
treatment. In the 12 months immediately before survey
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Table 4. Socioeconomic cost of on-demand–only treatment for HAE*#
Description of Cost

No. Patients Used in the
Calculation

Sick days or days off work§
Worked reduced hours{
Lower productivity and/or
presenteeism||
Lower labor market
participation**
Choice of education##
Promotion worth§§
Disability benefit costs{{
Caregivers|| ||
Days off work
Lower productivity and/
or presenteeism
Lower labor market
participation
Total

Mean Cost per Patient per
Contribution to Total
Year, U.S.$
Health-Economic Effect, %

255
89
251

3484
2561
14,243

6.6
4.9
27.1

167

16,101

30.6

75
65
77
90
91

3865
3818
873
7631
1475
4995

7.4
7.3
1.7
14.5
2.8
9.5

11

1160
52,576
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2.2

100***

HAE = Hereditary angioedema.
*Our calculations were based on the survey unless stated otherwise in the footnotes.
#The number of respondents included in the survey was 758; 737 of these were patients with HAE; we corrected for the
uneven distribution of male and female respondents in the following socioeconomic cost variables: effect of fewer sick days on
the gross domestic product, choice of education and disability benefit; these are known to differ between the genders; we calculated a mean value based on an equal allocation of men and women; we were unable to correct other socioeconomic cost variables due to small subsamples.
§Calculated by using the mean number of sick days and percentage of worktime lost per patient with HAE in the modeled ondemand group (n = 515), the gender-specific median wages in the group, and the gender-specific share of men and women
with HAE who were working, respectively.
{Calculated by using median wages, the number of hours patients would like to work if they did not have HAE (on-demand
group [n = 275]), the share of patients who were working less than full time who would like to have worked full time if they
did not have HAE (on-demand group [n = 275]), and the share of patients who were only working full time because of their
prophylactic treatment (prophylaxis group [n = 462]).
||Calculated by using an assessment of impairment (0–10 scale, in which 0 is no impact on productivity and 10 is high
impact on productivity) on reported median full-time wage.
**Calculated as the potential salary received (based on the national median wage at each respondent’s educational level and
gender from the Bureau of Labor Statistics).
##Calculated by using the median the foregone earnings for working respondents who would have pursued higher education if
it were not for HAE.
§§Calculated by using the median cost of the foregone earnings for those individuals who reported that they had said no to, or
not worked toward, one or more promotions due to HAE.
{{Calculated by using the proportion of respondents who were currently receiving disability benefits compared with the general population.
|| ||There were 167 caregivers, of whom 146 were also patients with HAE and 21 were not patients themselves but cared
for someone who was diagnosed with HAE.
***The difference in the total percentage and sum of the rows is due to rounding.
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completion, the mean 6 standard deviation number of
attacks per year for those who received the novel SC
prophylactic therapies (n = 77) was 5.92 6 12.25 compared with 16.60 6 23.88 for patients who used other
forms of prophylaxis (n = 282) and 26.27 6 29.56 for
those patients who used on-demand–only treatment
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(n = 275). The proportion of patients who reported
zero attacks in the 3 months immediately before completing the survey also differed according to treatment
type. Only 19% of the patients who used on-demand–
only treatment (n = 275) experienced no attacks during
this treatment interval compared with 57% of patients

113

Table 5. The AE-QoL scores for patients who were receiving modeled on-demand–only treatment (502/515)§,
patients who were receiving any form of prophylaxis in the past 4 weeks (n = 356), and patients who were
receiving novel SC prophylaxis only (n = 77)
Functioning
Modeled on-demand–only
treatment (n = 502)
All forms of prophylaxis
(n = 356)*
Median
Novel SC prophylactic
therapy (n = 77)*#
Median

Domains, median (IQR)
Fatigue/Mood
Fear/shame
Nutrition

62.5 (37.5– 85.9)

55.0 (35.0–75.0)

75.0 (50.0–87.5)

50.0 (25.0–75.0)

25.0 (0.0–50.0)

45.0 (25.0–65.0)

50.0 (25.0–66.7)

25.0 (0.0–50.0)

6.3 (0.0–37.5)

30.0 (5.0–55.0)

33.3 (8.3–54.2)

AE-QoL = Angioedema Quality of Life questionnaire; SC = subcutaneous.
*Only responses of patients who started treatment before 2018 were included.
#This is a subset of patients who received all forms of prophylaxis.
§Modeled on-demand patients who completed the AE-QoL questionnaire.
who received the novel SC prophylactic therapies (n =
77) and 26% of patients on other forms of prophylaxis
(n = 282).
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61.8 (44.1–79.4)

41.2 (23.5–57.4)

25.0 (10.3–47.1)

treatment and any form of prophylaxis (11.8 [2.2–31.6]
versus 22.8 [8.8–43.0] versus 20.6 [8.5–43.0]; p < 0.05).

T

DISCUSSION
Our study focused on modeling the overall economic burden of on-demand–only treatment and
comparing QoL with patients who received novel SC
prophylactic therapies for HAE by using real-world
patient-provided data. The Institute for Clinical and
Economic Review (ICER) reviewed the effectiveness
and value of HAE prophylaxis in a November 2018
report.15 ICER concluded that prophylactic treatment
for HAE C1-INH deﬁciency did not meet traditional
cost-effectiveness thresholds and based its conclusions on estimated costs of novel SC therapies, which
ranged from $377,786 to $423,344.15 Although differences in objectives and methodologies preclude a
direct comparison with the ICER study,15 our realworld data provided a value context for the novel SC
therapies. Modeled on-demand–only treatment costs
of $363,795 and socioeconomic costs of $52,576,
coupled with the dramatic increase in QoL and
decrease in attack frequency reported by patients on
novel SC therapies, provided a benchmark for clinicians and patients as they consider novel SC prophylaxis medications in the context of applying treatment
guidelines.
Our 737-patient cohort represented almost 20% of
the HAEA members and, to our knowledge, was the
largest ever number of respondents to be included in
an HAE survey. The survey also showed that treatment modality, attack frequency, and QoL impairment
were closely linked. Prophylaxis yields a signiﬁcant
reduction in the number of attacks and meaningful
improvements in QoL when compared with the
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Impact of Treatment and Attack Frequency on QoL
In Table 5 we show the impact of treatment on AEQoL impairment scores. The use of any prophylactic
medication led to a clinically meaningful 33.3%
improvement in the overall median (interquartile
range) QoL impairment score when compared with
modeled on-demand-only treatment (41.2 [23.5–57.4]
versus 61.8 [44.1–79.4]; p < 0.01). Subgroup analysis of
patients who used the novel SC prophylactic treatments (n = 77) showed a substantially greater improvement (59.5%) in overall median (interquartile range)
AE-QoL impairment score when compared with the
use of modeled on-demand–only treatment (25.0 [10.3–
47.1] versus 61.8 [44.1–79.4]; p < 0.01). Improvements in
median AE-QoL impairment scores were statistically
signiﬁcant across all QoL domains (p < 0.01).
The impacts of being attack-free on QoL are shown
in Fig. 3. The respondents who reported zero attacks in
the month before survey completion reported clinically
meaningful, statistically signiﬁcant improvements
(ranging from 32.8% to 57.1%) in QoL for all patients
when compared with overall QoL scores for each
group (Table 5). When looking at the impact of being
attack-free for 3 months before survey completion, further statistically signiﬁcant improvements (ranging
from 14.0% to 29.8%) were seen across all patients.
Signiﬁcantly greater and clinically meaningful
improvements in overall QoL scores were observed in
patients who took novel SC prophylactic therapies
compared with those who used on-demand–only
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0.0 (0.0–37.5)

Total Score
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On-demand,
attack free one
month
(n=75)

On-demand,
attack free 3
months
(n=48)

All prophylaxis,
attack free 3
months
(n=1215)

All prophylaxis,
attack free one
month
(n=170)

Novel prophylaxis,
attack free one
month
(n=54)

Novel prophylaxis,
attack free 3 months
(n=44)

100
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90

80

70

60
AE-QoL
impairment
score
50

40

30

T

20

10

0
Median
26.5,
Median
26.5IQR
[10.3-47.1]
10.3-47.1
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Median
22.8,22.8
IQR 8.5Median
[8.5-43.0]
43.0

Median
Median25.7,
25.7 IQR
[10.7-41.2]
10.7-41.2

O
C

Median
20.6, IQR
16.2, IQR
11.8, 11.8
IQR 2.2Median
20.6 8.8- MedianMedian
16.26.3- Median
Median
[8.8-38.2]
[6.3-33.8]
[2.2-31.6]
38.2
33.8
31.6

1

Figure 3. Angioedema Quality of Life questionnaire (AE-QoL) scores in the most recent 4 weeks (total domain score, AE-QoL score (median value and the interquartile range ([IQR]) according to attack frequency and treatment model).

current use of on-demand–only treatment. As patients
move closer to an attack-free life, they experience clinically relevant and statistically signiﬁcant improvements in QoL. Importantly, it showed that the novel
SC prophylactic treatments offered the prospect of an
attack-free life for many patients.
Our ﬁndings were consistent with those of recent
clinical trials that show prophylaxis with the novel SC
therapies leads to signiﬁcant reductions in attack frequency and clinically relevant improvements in
QoL.12–14,18 The availability of real-world comparative
data with regard to QoL impairment in patients with
HAE is limited. In a small sample of patients with
HAE included in the validation process for the AE-QoL
tool used in this survey, Weller et al.16 showed an overall median impairment score of ;39.0 points. Because
we focused on examining differences in a variety of
patient subgroups (Table 5) our analysis showed a
broad range of median impairment, from 11.8 to 61.8
points. As noted earlier, Weller et al.17 identiﬁed a sixpoint change in the AE-QoL as the minimal clinically
important difference to indicate a meaningful change to
a patient. Our survey showed that use of prophylactic
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therapies led to improvements in AE-QoL scores that
were three to six times greater than the minimal clinically important difference by Weller et al.17 when compared with modeled on-demand–only treatment.
Similar clinically meaningful improvements in QoL, up
to sixfold, were seen across all treatment approaches
when looking at the attack-free status.
Our overall ﬁndings supported the conclusions of
the analysis of health-related QoL data from the
Clinical Study for Optimal Management of Preventing
Angioedema with Low-Volume Subcutaneous C1Inhibitor Replacement Therapy (COMPACT) study, a
clinical trial that evaluated self-administered C1-INH
(SC) as routine prophylaxis.14 The investigators reported
that self-administered prophylactic treatment with C1INH (SC) had a greater impact on improving multiple
dimensions of HAE-related QoL impairment, most
notably anxiety and work productivity, when compared
with on-demand–only treatment. In the Hereditary
Angioedema Long-Term Prophylaxis (HELP) study,13
which evaluated three different prophylactic lanadelumab regimens (150 or 300 mg every 4 weeks or 300 mg
every 2 weeks), patients experienced a clinically relevant
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and statistically signiﬁcant improvement in QoL total
scores over 26 weeks in all three treatment groups when
compared with placebo.13
The survey results provided a real-world perspective on the ﬁndings of published clinical trials in
terms of frequency of attacks. Our survey showed
that up to 57% of patients with HAE experienced no
attacks in the 12 weeks immediately before survey
completion when receiving the novel SC prophylactic
treatments for at least 6 months. Clinical studies
show that between 40% and 44% of patients on SC
HAE prophylactic medications experience zero
attacks during treatment periods that ranged from 4
to 26 weeks.11–13 More recent data from the C1-INH
(SC) (human) phase III open label trial18 and a post
hoc analysis performed as part of the lanadelumab
clinical trial13 indicate that well over 80% of patients
achieve a sustained period of no attacks. Clinical trial
data also reveal that a 99% reduction in the use of rescue medication is possible.12 When looking at the
data gathered in the process of modeling the health
economic implications of on-demand–only treatment
for HAE, our real-world ﬁndings reﬂected those of
other published studies. For example, our ﬁnding
that 67% of attacks were treated mirrors the 72%
reported by Banerji et al.19 in a survey of 143 patients
conducted at the 2015 HAEA conference.
The only other study that solely addressed the economic costs associated with acute HAE attacks showed
an average annual per-patient total cost of $42,000,
which comprised direct and indirect costs of $26,000
and $16,000, respectively.20 These ﬁgures are substantially lower than the average direct annual cost of
$363,795 reported in our study. Several components
may contribute to this difference. First, during the survey period covered by the study by Wilson et al.20
(November 2007 through January 2008), there were no
approved treatments for acute attacks in the United
States. Most patients used nonspeciﬁc treatments
(androgens [36.3%], antihistamines [19.7%], or pain
medicine and/or narcotics [31.5%]), which resulted in
an average medication cost of $284 per patient per
year.20 In our study, on-demand treatment costs with
effective FDA-approved on-demand medicine totaled
$227,674 per patient per year and accounted for 63% of
the direct costs. Second, our ED and hospitalization
costs were reported from the actual bills received by
patients in 2018 rather than standard unit costs based
on U.S. treatment codes in 2007. Third, our economic
model included comorbidities and the socioeconomic
cost model incorporated several variables that were not
included in the Wilson et al.20 study, including lower
productivity, missed educational and promotion opportunities, disability beneﬁt costs, and caregiver costs.
Our survey had many strengths. It provided a
real-world model based on charges to patients with
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HAE and their insurance companies, and revealed
the high direct medical and socioeconomic costs of
the on-demand–only treatment model. It also
showed that some patients who used the ondemand–only treatment model experienced signiﬁcant QoL impairment. In stratifying the impact of
different types of prophylactic treatment on QoL
and, most importantly, the effect of the novel SC
therapies on attack frequency and QoL, we showed
that the novel SC prophylactic treatments improved
attack frequency and QoL without adding substantially to health care costs. The survey population
was a nonrandom sample of patients who were selfselected by their willingness to answer an online
questionnaire and could be subject to several biases,
including recall and social desirability.21–23 Even
though HAE has a similar prevalence in men and
women, as in most surveys of patients with HAE,
women were overrepresented in our sample. This
reﬂects a generally observed phenomenon that
women are more inclined to answer surveys than
men.23
The use of self-reported data is an important element of health care utilization assessment. Data with
regard to the frequency and severity of attacks and
treatment outcomes rely on a patient accurately
recalling details of the experience.24 Although we
collected information on treatments used to treat
HAE attacks, and all were licensed for self-injection,
information with regard to whether injections were
self-administered was not available. Also, we calculated attack frequency by annualizing attacks
reported for 1 month. This approach assumed that
attacks have a predictable pattern, but we know that
the frequency of HAE attacks can vary over time.2,14
Despite these limitations, we believe that the large
number of respondents was a strength that supported the accuracy of our data set.
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CONCLUSION
Our real-world patient data revealed that modeled
on-demand–only therapy had high treatment and socioeconomic costs, and was associated with high levels
of QoL impairment. Novel SC therapies offer a statistically signiﬁcant reduction in attack frequency and QoL
impairment, with post hoc clinical trial data that
showed that a majority of patients became attack-free.
Analysis of these data provided a perspective on value
that can inform clinician and patient decision-making
on a suitable therapeutic approach.
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