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Hereditary angioedema (HAE) is a rare disabling and 
potentially fatal genetic disorder caused by C1-esterase inhibitor 
(C1-INH) deficiency (HAE type 1) or quantitative normal but 
nonfunctional C1-INH (HAE type 2), although other forms of 
HAE with normal levels and function of C1-INH have been 
described (HAE-nC1-INH) [1,2]. Patients with HAE experience 
recurrent attacks of swelling due to inadequate control of the 
contact system and accumulation of bradykinin [1].

Long-term prophylaxis (LTP) can reduce the burden of 
HAE by preventing or attenuating attacks and should be 
considered in symptomatic patients, depending on disease 
activity, the frequency of attacks, quality of life (QOL), and 
the lack of control with on-demand therapy [3]. 

Intravenous (IV) C1-INH replacement effectively reduces 
both the frequency and the severity of HAE attacks [4]. 
The subcutaneous (SC) formulation was developed and 
approved for LTP in order to facilitate technical concerns with 
IV C1- INH and has also proven to be effective [5].

We report on 22 patients with C1-INH HAE who started 
SC C1-INH replacement treatment as LTP during the 
COVID-19 pandemic. Laboratory tests and clinical data were 
prospectively collected at 1 or more visits before initiation 
of LTP with SC C1-INH, and at a follow-up visit, at least 
8 weeks after switching to it. Patients reported QOL using 
a visual analog scale (VAS) before and after the switch and 
using the Angioedema Quality of Life Questionnaire after the 
switch. All patients and the parents of pediatric patients gave 
their written informed consent for publication of this report.  

Age, sex, HAE type, weight, body mass index, comorbid 
conditions, and HAE treatment during the previous year 
are presented in Supplementary material 1. Previous 

C1- INH antigen levels and C1-INH activity are presented in 
Supplementary material 1 as a single number or, when values 
from different visits were available, as a range. Before LTP 
with SC C1-INH, 13 patients experienced 1 or more attacks 
per week and 7 patients fewer than 1 attack per week but more 
than 1 per month. Twenty patients had mainly severe attacks, 
1 patient had moderate but frequent attacks, and 1 pediatric 
patient had mild but frequent attacks.

Doses, frequency of administration of SC C1-INH, and 
follow-up periods are presented in Supplementary material 2. 
The C1-INH activity of the 22 patients after receiving prophylaxis 
with SC C1-INH ranged from 2% to 81%. In patient 10, who had 
the lowest value, disease course was severe but improved clearly 
in terms of the number and severity of the attacks. Overall, the 
frequency of attacks was reduced (none or fewer attacks than 
before per month) after the follow-up period (Table).

Eight patients remained asymptomatic, and 12 patients 
presented fewer than 1 mild attack per month. Patient 2 
experienced an isolated severe attack, and patients 9, 13, and 
18 experienced an isolated mild attack, some in the context 
of a skipped dose or trauma as a trigger.

The median (IQR) self-reported QOL score was 5 (2-5) 
before the switch and 9 (9-10) after the follow-up period 
(Supplementary material 3). Improvements were perceived in 
all patients, except for 1 patient, who could not respond owing 
to cognitive impairment, and another, who reported no changes. 

We found SC C1-INH to be effective as prophylaxis in a series 
of patients with HAE, most of whom were treated with doses 
below 40 IU/kg. Patients were evaluated individually and selected 
for LTP with SC C1-INH owing to the severity of the attacks and 
the lack of control with previous treatment. An improvement was 
observed in terms of frequency and severity of attacks. Similar 
findings were reported in a pivotal study, where administration 
of SC C1-INH twice weekly reduced the rate of attacks and the 
need for rescue medication [5]. Moreover, a post hoc exploratory 
analysis revealed a preventive effect of SC C1-INH in all patients, 
independently of the location of the attacks [6]. 

Most of the patients studied had been previously treated with 
IV C1-INH, which is an effective and safe option for preventing 
HAE attacks [4]. However, IV administration has drawbacks, such 
as the loss of venous access [2], which generally leads patients 
to prefer SC administration [7]. This may impact adherence to 
treatment and patient QOL. It has also been suggested that the 
switch from IV to SC C1-INH LTP can result in a clinically 
significant benefit in terms of reduced frequency of attacks [8]. 

The efficacy and safety of a fixed dose of SC C1-INH 
compared with placebo has been demonstrated [9]. In our 
series, most patients (n=18) were treated with a fixed dose 
of 2000 IU twice weekly, and the doses administered ranged 
from 14 to 38 IU/kg per dose. Pediatric patient 21 was treated 
with 61 IU/kg twice weekly, and patients 10, 11, and 14, 
whose weight was >100 kg after a period of twice weekly 
2000 U of SC C1 INH, switched to SC C1-INH 2000U 3 times 
weekly. Thus, we hypothesize that the effect of prophylaxis 
with SC C1-INH might have been even more pronounced 
if doses from 40 IU/kg to 60 IU/kg had been administered 
to all patients. We also observed that prolonged stability 
is achievable and maintainable with lower doses, with the 
precaution of ensuring that IV C1-INH is available in case of 
an unexpected attack. 
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All adult patients and the parents of the pediatric patients 
were trained in self-administration in the abdominal area. 
The 2 pregnant patients (17 and 22) were also recommended 
to use the quadriceps area in the second and third trimesters. 

In addition to the clinical improvement, self-administered 
SC C1-INH has a positive impact on QOL and on the degree 
of satisfaction with treatment compared with on-demand 
treatment [10]. In the current series, an improvement in the 
patient’s QOL was also observed (Supplementary material 3). 
The use of SC C1-INH reduced the economic costs and disease 
burden by reducing the number and severity of attacks, the 
use of rescue medication and health care resources, and the 
complications associated with IV administration. 

SC C1-INH proved to be an effective prophylactic 
treatment in a series of patients with HAE treated at doses 
<40 IU/kg. Although our series is small, our data are relevant 
in a rare disease such as HAE and confirm previous clinical 
data during the follow-up period.

Funding

Editorial and writing support for this manuscript were 
funded by CSL Behring through Ampersand Consulting.

Conflicts of Interest

Dr Krasimira Baynova and Dr Stefan Cimbollek have 
received speaker's fees from Takeda, CSL Behring, and 
Novartis. The remaining authors declare that they have no 
conflicts of interest.

References

1. Wedner HJ. Hereditary angioedema: Pathophysiology (HAE 
type I, HAE type II, and HAE nC1-INH). Allergy Asthma Proc. 
2020;41:S14-7. 

2.  Busse PJ, Christiansen SC, Riedl MA, Banerji A, Bernstein JA, 
Castaldo AJ, et al. US HAEA Medical Advisory Board 2020 
Guidelines for the Management of Hereditary Angioedema. 
J Allergy Clin Immunol Pract. 2021;9:132-50.e3. https://doi.
org/10.1016/j.jaip.2020.08.046

3. Maurer M, Magerl M, Ansotegui I, Aygören-Pürsün E, Betschel 
S, Bork K, et al. The international WAO/EAACI guideline for the 
management of hereditary angioedema - The 2017 revision 
and update. World Allergy Organ J. 2018;11:1-20. 

4. Zuraw BL, Busse PJ, White M, Jacobs J, Lumry W, Baker J, et 
al. Nanofiltered C1 Inhibitor Concentrate for Treatment of 
Hereditary Angioedema. N Engl J Med. 2010;363:513-22. 

5. Longhurst H, Cicardi M, Craig T, Bork K, Grattan C, Baker J, 
et al. Prevention of Hereditary Angioedema Attacks with a 
Subcutaneous C1 Inhibitor. N Engl J Med. 2017;376:1131-40. 

6. Li HH, Zuraw B, Longhurst HJ, Cicardi M, Bork K, Baker J, et 
al. Subcutaneous C1 inhibitor for prevention of attacks of 
hereditary angioedema: Additional outcomes and subgroup 
analysis of a placebo-controlled randomized study. Allergy 
Asthma Clin Immunol. 2019;15:49. 

7. Stoner KL, Harder H, Fallowfield LJ, Jenkins VA. Intravenous 
versus Subcutaneous Drug Administration. Which Do Patients 
Prefer? A Systematic Review. Patient. 2015;8:145-53. 

8. Craig T, Lumry W, Cicardi M, Zuraw B, Bernstein JA, Anderson 
J, et al. Treatment effect of switching from intravenous to 
subcutaneous C1-inhibitor for prevention of hereditary 
angioedema attacks: COMPACT subgroup findings. J Allergy 
Clin Immunol Pract. 2019;7:2035-8. 

9. Lumry WR, Martinez-Saguer I, Yang WH, Bernstein JA, Jacobs J, 
Moldovan D, et al. Fixed-Dose Subcutaneous C1-Inhibitor Liquid 
for Prophylactic Treatment of C1-INH-HAE: SAHARA Randomized 
Study. J Allergy Clin Immunol Pract. 2019;7:1610-8.e4. 

10. Lumry WR, Miller DP, Newcomer S, Fitts D, Dayno J. Quality of life in 
patients with hereditary angioedema receiving therapy for routine 
prevention of attacks. Allergy Asthma Proc. 2014;35:371-6. 

  Manuscript received April 19, 2023; accepted for publication 
October 3, 2023. 

Teresa González-Quevedo
National Angioedema Reference Unit

Allergy Department
Virgen del Rocío University Hospital

Manuel Siurot, s/n 
41013 Seville, Spain

E-mail: mtgonzalezq@gmail.com 

Table. Follow-up Data After Switch to Long-term Prophylaxis With SC C1-INH.

Case 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Months of treatmenta

16 10 13 16 12 15 13 15 14 7/6 5/4 13 16 10/6 12 12 11 53.5 3 15 18 4

C1-INH dose, IU/kg

25 24 29 31 38 31 38 24 33 18 15 25 31 20 33 22 31 37 24 31 61 32

C1  
(21-39 mg/dL)

7.7 
8.4

9.1 14.3 10.9 
- 
12.9

5.3 
-  
7.7

4.4 
-  
11.4

10.8 
-  
13.6

7.2 
-  
7.4

9.6 
-  
12.4

6.3 
-  
8.4

8.0 
-  
9.1

26.6 
- 
27.6

6.3 4.8 
- 
7.8

10.5 5.8 5.2 12.3 8.2 10.7 
- 
12.8

23.8 9.1

C1 activity 
(70%-130%)

7- 
18

30- 
35

26 16- 
68

49 35 51 36 10 2 12-
27

29 36 21-
32

81 32 Mis-
sing

Mis-
sing

33 41-
44

66 21-
57

Attacks during follow-up/mo

- - - - 0 0 - - - - 0 + - 0 - - + - 0 0 0 0

Abbreviation: C1-INH, C1-esterase inhibitor.
aIn the case of 2 values the first refers to a dose administered twice weekly and the second refers to a dose administered 3 times weekly. 
bDose adjusted for weight >100 kg to 2000 U every 48 h.

https://doi.org/10.1016/j.jaip.2020.08.046
https://doi.org/10.1016/j.jaip.2020.08.046
mailto:mtgonzalezq@gmail.com

