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Background/Objectives: This study explored real-world patterns of subcutaneous (SC) long-term prophylaxis (LTP), prescriptions 
for on-demand treatment (ODT), and treatment-related expenditures among patients with hereditary angioedema (HAE).
Methods: This study was conducted using a retrospective cohort design and US healthcare claims database (02/23/18–06/30/22). Study 
population included patients aged ≥12 years who initiated SC LTP with C1-esterase inhibitor (C1-INH-SC) or lanadelumab for HAE 
management. Study measures were evaluated from the date of LTP initiation through the last date of health plan enrollment or the study period. 
Study measures included LTP adherence (medication possession ratio [MPR]), LTP discontinuation (gap in drug supply ≥60 days), annualized 
number of ODT prescriptions, and annualized treatment-related expenditures (ie., ODT prescriptions and emergent care [all-cause hospita
lizations and emergency department (ED) visits]). Measures were summarized using means, percentages, and 95% confidence intervals (CI).
Results: Study population included 196 patients (C1-INH-SC: N=65; lanadelumab: N=131); mean age was 39 years and 69% were 
female. During a mean follow-up of 19 months, MPR for LTP was 73% (CI: 68–77) and LTP discontinuation was 48% (41–55). Mean 
annualized number of ODT prescriptions was 3.8 (3.6–4.1) per patient, and mean annualized treatment-related expenditures totaled 
$209,547 (133,460–325,453) per patient, including $200,886 (124,792–317,983) for ODT prescriptions, $7,299 (3,408–12,214) for 
hospitalizations and $1,363 (859–1,959) for ED visits.
Conclusion: Despite the availability of SC LTP for the management of HAE, adherence was suboptimal, almost 50% of patients 
discontinued prophylaxis, and treatment-related expenditures were high. Notably, annualized expenditures for ODT prescriptions, 
hospitalizations, and ED visits averaged >$200,000, even after initiation of SC LTP.

Plain Language Summary: Hereditary angioedema (HAE) is a rare genetic condition typically involving recurrent and 
unpredictable attacks of swelling that often require reactive use of on-demand treatment (ODT). Since 2017, three agents 
have been approved for long-term prophylaxis (LTP) of HAE attacks, including two subcutaneous agents: C1 esterase inhibitor 
and lanadelumab. While two prior studies evaluated the real-world clinical and economic impact of these agents, attention was 
limited to patients who were adherent over an extended period and thus results were unreflective of effectiveness/costs among 
the full population of patients initiating LTP. The present study addressed this gap by exploring real-world patterns of 
subcutaneous LTP, prescriptions for ODT, and healthcare expenditures among all patients with HAE initiating subcutaneous 
LTP, including those who were and were not adherent. From a study population comprising 196 patients followed for 19 
months (on average), almost 50% discontinued LTP and expenditures for ODT remained high (>$200,000/year). Collectively, 
study results demonstrated suboptimal effectiveness and considerable unmet need in the management of HAE. 
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Introduction
Hereditary angioedema (HAE) is a rare autosomal dominant condition characterized by repeated episodes of nonpruritic, 
nonpitting, subcutaneous, or submucosal swelling without urticarial lesions.1 Clinical events associated with HAE are 
called “attacks,” and can involve multiple bodily areas, including hands, feet, intestinal wall, genitalia, face, tongue, or 
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larynx. Swelling of the pharynx or larynx can cause life-threatening asphyxia. Attacks may start with a prodromal 
sensation of tingling that can be accompanied by the development of a nonpruritic wavy eruption known as erythema 
marginatum, which is followed by slowly progressive swelling that gradually subsides over 48–72 hours.2 While HAE 
attacks can occur spontaneously, there are multiple triggers that can be associated with attack initiation (eg, stress/ 
anxiety, use of certain drugs, minor trauma, surgery, and infection).3

Until recently, the management of HAE attacks was largely limited to prophylactic use of an intravenous C1 esterase 
inhibitor (IV-C1-INH) and/or reactive use of on-demand treatment (ODT).4 Since 2017, three additional agents have been 
approved for the prevention of attacks in patients with HAE including subcutaneous C1-INH (SC-C1-INH),5 subcuta
neous lanadelumab,6 and oral berotralstat.7 Evidence on the real-world clinical and economic impact of long-term 
prophylaxis (LTP) with SC-C1-INH and/or lanadelumab has been reported in two published studies.8,9 These studies, 
however, limited attention to patients with HAE who were adherent to LTP over an extended period of time, and thus 
study results do not reflect the effectiveness/costs of such agents among the full population of patients initiating LTP in 
clinical practice. Accordingly, a new study was undertaken to explore real-world patterns of LTP, prescriptions for ODT, 
and treatment-related healthcare expenditures among patients with HAE initiating SC-C1-INH or lanadelumab, including 
those who were and were not adherent with LTP.

Methods
Study Design and Data Sources
A retrospective observational cohort design was employed, and data (02/23/2018–06/30/2022; “Study Period”) were 
obtained from the Merative MarketScan Research Databases (Commercial Claims and Encounters [CCAE] and Medicare 
Supplemental and Coordination of Benefits [MDCR] Databases). The CCAE Database includes healthcare claims and 
enrollment information from employer-sponsored commercial plans throughout the US that provide health benefits to 
working persons aged <65 years, including the employees as well as their spouses and dependents. The MDCR Database 
includes healthcare claims and enrollment information for Medicare-eligible retirees who enrolled in an employer- 
sponsored Medicare supplemental plan (and for which Medicare- and employer-paid amounts are available).

Medical (ie, facility and professional-service) claims include the dates/places of service, diagnoses, procedures, and 
quantity of services (professional-service claims). Outpatient pharmacy claims include the drug dispensed, dispensing 
date, dose, quantity dispensed, and therapy days. Medical and pharmacy claims also include amounts paid by health plans 
and patients to healthcare providers for services rendered. Selected demographic and eligibility information is available, 
and patient-level data can be arrayed to provide a longitudinal profile of healthcare services used by each plan member.

Ethical Approval
The study data source was de-identified prior to its release to study investigators, as set forth in the corresponding Data 
Use Agreement. Use of the study data source for health services research was fully compliant with the Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule and federal guidance on Public Welfare and the Protection of 
Human Subjects (45 CFR 46 §46.101); accordingly, Institutional Review Board (IRB) approval was not required.

Study Population
The study population comprised patients aged ≥12 years who initiated LTP with SC-C1-INH or lanadelumab between 
August 23, 2018 and June 30, 2022 (“identification period”). Initiation of LTP was designated based on the date of the 
first claim (“index date”) with a corresponding code from the Healthcare Common Procedure Coding System (medical 
claims) or National Drug Code (pharmacy claims) during the identification period; and no such claims during the 
6-month (“history”) period immediately preceding the index date (Supplement Table 1). Patients without health plan 
enrollment during their history period were excluded from the study population as evidence on prior use of LTP was 
partially/fully unobservable. Qualifying patients were pooled into a single subgroup to increase the robustness of 
analyses; patients who initiated berotralstat during the identification period were not included due to small sample size 
and limited follow-up.
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Study Variables
Study measures were ascertained from the date of LTP initiation through the date of health plan disenrollment or end of 
the study period, whichever occurred first, and included LTP adherence, LTP discontinuation, annualized number of ODT 
prescriptions, and annualized treatment-related expenditures. LTP adherence (ie., to agent first received) was defined 
using the medication possession ratio (MPR), ie., the ratio of total number of prophylaxis days to the total number of 
follow-up days. Prophylaxis days were tallied based on drug administrations from medical claims and dispensed 
prescriptions from outpatient pharmacy claims. For medical claims, each administration was assumed to correspond to 
four prophylaxis days for SC-C1-INH and fourteen prophylaxis days for lanadelumab. For pharmacy claims, prophylaxis 
days were determined based on days/quantity supplied.

LTP discontinuation (ie., of first agent received) was defined as a gap of ≥60 days in supply of drug8; alternative 
thresholds (ie., ≥30, ≥90 days) were also considered. Annualized treatment-related expenditures (2024 USD) were 
ascertained based on all-cause hospitalizations, all-cause emergency department (ED) visits, and ODT prescriptions 
(Supplement Table 2). Baseline characteristics of patients in the study population were ascertained during the 6-month 
history period, and included demographics (age, sex), comorbidity profile (identified based on ≥1 diagnosis code; 
Supplement Table 3), and use of ODT.

Statistical Analyses
Baseline characteristics were analyzed descriptively. Categorical variables were reported as percentages; continuous 
variables were reported using means and standard deviations (SDs). Study measures were summarized using means, 
incidence proportions, and corresponding 95% confidence intervals (CIs), which were calculated using techniques of 
non-parametric bootstrapping. Number of ODT prescriptions and treatment-related expenditures were annualized using 
a population-based approach.

Results
A total of 411 patients aged ≥12 years had evidence of LTP with SC-C1-INH or lanadelumab during the identification 
period. Among the 411 patients, 270 were continuously enrolled during the 6-month history period, and among these 
patients, 196 also had no evidence of LTP during the history period (ie., were presumed to initiate LTP on their index 
date), and were included in the study population. Among the 196 patients, 131 (67%) first initiated LTP with 
lanadelumab and 65 (33%) with SC-C1-INH. Mean (SD) age of the study population was 39 (15) years, and 69% 
were female (Table 1). The most common comorbidities were metabolic disorders (32%), obesity (24%), and respiratory 
disease (19%); 77% of patients had a history of ODT use.

Table 1 Baseline Characteristics

Study Population
(N=196)

Initial LTP Agent, n (%)
C1-esterase inhibitor (C1-INH-SC) 65 (33.2)

Lanadelumab 131 (66.8)

Age (years)
Mean (SD) 39.1 (15.3)
Groups, n (%)

12-17 8 (4.1)

18-34 69 (35.2)
35-44 49 (25.0)

45-54 35 (17.9)

(Continued)
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During a mean (SD) follow-up of 19 (13) months, mean MPR for LTP was 73% (95% CI: 68–77) (Figure 1). Based 
on a 60-day gap in drug supply, the percentage of patients who discontinued LTP was 48% (41–55); when using 
alternative thresholds, discontinuation was 55% (48–62) based on a 30-day gap and 45% (38–53) based on a 90-day gap. 
Mean annualized number of ODT prescriptions was 3.8 (3.6–4.1) per patient (Figure 2). Mean annualized treatment- 
related expenditures totaled $209,547 (133,460–325,453) per patient, including $200,886 (124,792–317,983) for ODT 
prescriptions, $7,299 (3,408–12,214) for hospitalizations, and $1,363 (859–1,959) for ED visits.

Discussion
Using data from a large healthcare claims repository, we evaluated drug patterns and treatment-related expenditures among 
patients with HAE who initiated LTP with SC-C1-INH or lanadelumab. Study findings indicate that, while newer LTP agents are 
now available, adherence levels among the study population were not optimal and the percentage of patients who discontinued 
LTP was high during the follow-up period (mean duration = 19 months). On an overall basis, mean LTP adherence was less than 
75%, which based on commonly cited thresholds, indicates “poor” or “inadequate” adherence among the study population.10–16 

Moreover, LTP discontinuation ranged from 45–55% (depending on the required gap in drug supply), suggestive of low 
persistency rates based on published research.17–20 Study findings also indicate that treatment-related healthcare expenditures— 
especially for ODT—were high following initiation of LTP. Based on all patients, including those who did and did not fill 
prescriptions for ODT, the mean number of filled prescriptions was 3.8, corresponding to over $200,000 in annualized treatment- 
related expenditures. Taken collectively, the findings from this study suggest considerable unmet need in the management 
of HAE.

Table 1 (Continued). 

Study Population
(N=196)

55-64 28 (14.3)
≥65 7 (3.6)

Sex, n (%)
Female 136 (69.4)

Male 60 (30.6)

Comorbidity Profile, n (%)
Cardiovascular disease 21 (10.7)

Diabetes 19 (9.7)
Immunosuppressive conditions/treatments 15 (7.7)

Liver disease 9 (4.6)

Metabolic disorders 62 (31.6)
Neurologic disorders 10 (5.1)

Obesity (BMI >40) 47 (24.0)

Osteoarthritis 13 (6.6)
Respiratory disease 37 (18.9)

Use of ODT, n (%)
Any ODT 150 (76.5)

Berinert 32 (16.3)

Cinryze 40 (20.4)
Icatibant 102 (52.0)

Kalbitor 8 (4.1)

Ruconest 23 (11.7)

Abbreviations: BMI, body mass index; LTP, long-term prophylaxis; ODT, on-demand treatment; 
SD, standard deviation.
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In a 2023 retrospective study using the Merative MarketScan Databases (01/01/2018–06/30/2022), Shah et al evaluated 
healthcare expenditures among patients with HAE who initiated LTP with lanadelumab.8 The study population was limited to 
patients who initiated lanadelumab, did not have a gap in drug supply of ≥60 days during an 18-month follow-up period, and 
were continuously enrolled during the 6-month history period and the entire follow-up period. While, among the 54 
lanadelumab-persistent patients in the study population, mean HAE treatment expenditures—including LTP, ODT/short- 
term prophylaxis, and supportive care—decreased from months 0–6 ($377,076) to months 13–18 ($286,074). Following 
initiation of lanadelumab, 6-month expenditures for ODT and short-term prophylaxis ranged from $38,000–$59,000.

In another 2023 retrospective study using the Merative MarketScan Databases (12/23/2016–03/31/2021), Reidl 
et al evaluated healthcare expenditures among patients with HAE who initiated LTP with lanadelumab or SC-C1- 
INH.9 The study population was limited to patients who had ≥180 days of continuous LTP. Among the 47 
lanadelumab-persistent patients and SC-C1-INH-persistent patients, all-cause hospitalizations and all-cause ambu
latory encounters decreased following initiation of LTP as did the use of ODT. Total annualized healthcare 

Figure 2 Mean annualized number of ODT prescriptions and treatment-related expenditures.

Figure 1 LTP adherence and discontinuation.
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expenditures (2020 USD)—including hospitalizations, ambulatory encounters, and pharmacy—increased by 
$165,000–$336,000, most of which was attributable to pharmacy expenditures.

As noted above, however, the authors of these studies limited attention to patients who were persistent with 
LTP, which likely yielded results more reflective of those from a controlled clinical trial versus an uncontrolled 
real-world setting that is subject to the vagaries of clinical practice. LTP discontinuation is an important real-world 
phenomenon and should be considered in evaluating drug effectiveness (vs efficacy) and associated outcomes and 
costs. Patients not persistent with LTP may be systematically different in terms of their observed/unobserved 
characteristics such as disease severity, attack profile, and economic burden. Moreover, evidence suggests that this 
issue is not “analytically ignorable”; in the study by Shah et al, 33% of patients initiating lanadelumab were 
excluded from the study population because they were not persistent with therapy for at least 18 months.

While healthcare claims databases provide information on large numbers of patients with specific diagnoses who 
receive care for specific conditions, several limitations from the use of such databases should be noted. Patients with 
healthcare claims for LTP were assumed to have HAE since a unique diagnosis code for HAE does not currently 
exist. Prescriptions for ODT should not be assumed to equate to use of ODT due to, for example, stockpiling. 
Patients who first initiated LTP with berotralstat were not included due to small sample size and limited follow-up. 
Patients with certain types of public health insurance (eg, Medicaid) and those without health insurance are not 
represented in the study database; caution should be exercised when generalizing these study results to other 
populations and settings. Finally, reasons for discontinuation of LTP and suboptimal adherence to LTP are 
unobservable in the study data source. It thus is unknown to what extent LTP discontinuation/low adherence were 
attributable to lack of effectiveness, adverse events, or other factors. Better understanding the precise reasons 
underlying real-world treatment patterns is critical for improving patient care and outcomes, and future research in 
this area is needed.

Conclusions
Despite the availability of newer LTP agents, adherence was not optimal and ~50% of patients discontinued prophylaxis. 
Notably, annualized expenditures for ODT prescriptions, hospitalizations, and ED visits averaged >$200,000, even after 
initiation of LTP, thus demonstrating considerable unmet need in the management of HAE.

Prior Presentation
Findings from this study were presented at ACAAI 2024 (Boston, MA; October 24–28, 2024) as a poster presentation. 
The poster’s abstract was published under “Oral Abstracts” in Annals of Allergy, Asthma & Immunology: https://doi.org/ 
10.1016/j.anai.2024.08.106.
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