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Introduction

Hereditary angioedema due to C1 inhibitor deficiency (HAE-C1INH) is a rare

congenital disorder that causes episodic swelling. Decreased or dysfunctional C1INH,

the key inhibitor of the kinin-kallikrein system, leads to increased plasma kallikrein activity

and the resultant excessive bradykinin causes angioedema (1).

The morbidity and decreased quality of life of HAE-C1INH patients has motivated the

increasing use of long-term prophylaxis (LTP) to prevent swelling attacks, when modern

LTP agents became available a few years ago. The oral kallikrein antagonist berotralstat was

approved in the United States and European Union in 2020 and 2021, respectively. The

2021 international HAE-C1INH guideline recommends berotralstat as a first-line therapy

alongside plasma-derived C1 inhibitor (pd-C1INH) and lanadelumab (2).

Herein, we present a practical guide to aid the clinician in the optimal use of

berotralstat in HAE-C1INH based on available data and the experience at the

Angioedema Centers of Reference and Excellence (3) in Berlin, Germany and

Edmonton, Canada.
Drug pharmacology

Berotralstat is an oral small molecule that specifically inhibits plasma kallikrein. It is

administered once daily at a dose of 150 mg. In the United States, a 110 mg dose is also

available. It achieves a steady state plasma concentration in 6-12 days and has an

elimination half-life of 93 hours (4). Administration with food does not impact the

maximum serum concentration or total exposure of the medication (4).
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Clinical efficacy

The efficacy of berotralstat was established in a double-blind,

parallel-group study of 24 weeks duration (APEX-2). There were

n=121 subjects randomized 1:1:1 to placebo, berotralstat 150 mg

daily, or berotralstat 110 mg daily, and there was a 44% and 30%

reduction in attack frequency/month in the treatment versus

placebo arm at the 150 and 110 mg doses, respectively (5). The

subsequent extension studies showed persistent and perhaps

increased efficacy over time, with the 150 mg arm achieving a

79% reduction in attack frequency compared to baseline (6, 7) after

6 months (n=21). Real-world evidence studies have confirmed these

results in various countries (8–10).
Side effects and monitoring

Berotralstat was generally well tolerated at both doses. There

was one severe adverse event (SAE) in the 110-mg berotralstat and

three SAEs in the placebo arm, none of which were classified as drug

related (5). The most frequent side effects observed in APEX-2 were

gastrointestinal (GI) symptoms (e.g., abdominal discomfort,

diarrhea). These were seen in 50% (20/40) of subjects receiving

berotralstat 150 mg versus 36% (14/39) of subjects receiving placebo

but tended to resolve over time. The GI symptoms can be mitigated

by taking the medication with the largest meal of the day.

Additionally, the graded introduction of berotralstat using the

Berlin protocol, which involves starting with 1 tablet (150 mg)

every third day and then increasing dosing frequency as tolerated to

1 tablet every other day and finally to 1 tablet daily, can improve

tolerability (11). Some clinicians worry that GI upset may be

misattributed to abdominal angioedema and result in

inappropriate use of on-demand therapy. But, in our experience,

patients (including those who have and have not had previous

abdominal episodes) are generally able to differentiate between

these when given anticipatory guidance. Before initiating therapy

with berotralstat, patients must be informed about the possibility of

gastrointestinal side effects, but care should be taken not to

overemphasize this point in order to avoid nocebo effects.

Additionally, headache was seen in 10.0% (4/40) of patients in the

150 mg arm of APEX-2 but also in 5.1% (2/39) of patients in the

placebo arm. In our experience, it has not been a patient concern.

QT interval prolongation was observed with berotralstat at

doses 3-fold greater than that used clinically. At the approved

dose of 150 mg daily berotralstat does not cause significant QT

interval prolongation and electrocardiographic monitoring is not

required. In APeX-2, one patient discontinued therapy due to

elevated liver enzymes in the context of prior therapy with

attenuated androgens. However, no regular laboratory monitoring

is needed according to the drug monograph (4) and we have not

observed elevated liver enzymes in our patients.
Abbreviations: GI, Gastrointestinal; HAE-C1INH, Hereditary angioedema due

to C1 inhibitor deficiency; LTP, Long-term prophylaxis; pd-C1INH, plasma-

derived C1 inhibitor.
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Drug-drug interactions

Berotralstat is metabolized in the liver by CYP2D6 and CYP3A4

and hence may increase the plasma concentration of concomitant

medications also metabolized by these enzymes (Table 1) (4). In

some instances, reducing the dose of an interacting medication may

be helpful. For example, one author has combined amlodipine with

berotralstat and reduced the dose of the former (amlodipine 10 mg

to 5 mg daily) without any loss of blood pressure control. Patients

using a statin also metabolized by CYP3A4 (e.g., atorvastatin) can

be switched to rosuvastatin, which is not a major CYP3A4 substrate
TABLE 1 Selection of commonly used medications that may interact
with berotralstat.

Drug (Interaction Risk) Recommendation

Calcium channel blockers

Verapamil (D) Consider therapy modification

Amlodipine (C) Monitor blood pressure, consider
dose reduction

Nifedipine (C) Monitor blood pressure, consider
dose reduction

Diltiazem (C) Monitor blood pressure, consider
dose reduction

Statins

Atorvastatin (C) Monitor for side effects (e.g., myalgias),
consider switch to rosuvastatin

Simvastatin (C) Monitor for side effects (e.g., myalgias),
consider switch to rosuvastatin

Lovastatin (C) Monitor for side effects (e.g., myalgias),
consider switch to rosuvastatin

Anticoagulants

Apixaban (C) Consider switch to edoxaban
or dabigatran

Rivaroxaban (C) Consider switch to edoxaban
or dabigatran

Sedative Hypnotics

Alprazolam (D) Consider therapy modification

Zopiclone (C) Consider dose reduction and monitor for
side effects (e.g., somnolence)

Diazepam (C) Consider dose reduction and monitor for
side effects (e.g., somnolence)

Opioids

Fentanyl (D) Consider therapy modification

Codeine (C) Consider dose reduction and monitor for
side effects (e.g.,
somnolence, constipation)

Tramadol (C) Consider dose reduction and monitor for
side effects (e.g.,
somnolence, constipation)
Interactions were determined using the Lexicomp Drug Interactions Tool (13), which grades
interactions as no action required (B), monitor therapy (C), consider therapy modification
(D), and avoid combination (X). This list is not exhaustive.
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(12) and thus does not interact with berotralstat. Given the potential

increased risk of bleeding in patients taking the direct oral

anticoagulants rivaroxaban and apixaban, switching patients to

edoxaban or dabigatran prior to starting berotralstat is advisable.

Berotralstat is also a P-glycoprotein (P-gp) substrate. Thus P-gp

inducers (e.g., rifampin, St. John’s wort) may decrease the serum

concentration of berotralstat and should be avoided. P-gp inhibitors

(e.g., carvedilol) could increase the plasma concentration of

berotralstat and therefore the lower 110 mg dose of berotralstat

should be used in such patients, if available.
Switching LTP therapies

There is a paucity of data to guide clinicians on how to

transition a patient from one LTP treatment to another. When

switching to berotralstat, the main issues of concern are possible

breakthrough attacks during the transition period, heightened

patient anxiety regarding the possibility of breakthrough attacks,

and premature discontinuation of an effective treatment due to

breakthrough attacks prior to the new drug taking effect. The

possibility of breakthrough attacks is likely greatest when

transitioning from pd-C1INH therapy due to its half-life (69

hours for subcutaneous pd-C1INH [Haegarda®/Berinert 2000

and 3000®] and 56 hours for intravenous pd-C1INH [Cinryze®]).

Since berotralstat achieves a plasma steady state within 2 weeks, it is

reasonable to overlap it with pd-C1INH by up to 4 weeks (8). This

could be extended when the Berlin protocol of graded introduction

is used to ensure that the first weeks of daily berotralstat are covered

by pd-C1INH.

The half-life of lanadelumab is 2-3 weeks, so if daily berotralstat

is started immediately after the last dose of lanadelumab, further

overlap is unlikely to be needed. Though the mechanism of action of

both lanadelumab and berotralstat is plasma kallikrein inhibition,

they bind to kallikrein at different locations [lanadelumab binds to

the surface of the enzyme and obstructs substrate access to the

active site (14) whereas berotralstat binds deep within the active site

(15)], and patients hence may have different responses to each drug.

Failure to respond to one should, therefore, not preclude the use of

the other.

When transitioning from attenuated androgen therapy to

berotralstat, caution is required given the risk of liver enzyme

elevation in a minority of patients. This was seen in those who

stopped androgens <14 days before starting berotralstat and may be

due to abrupt discontinuation of androgens and/or latent hepatoxic

effects of androgens that emerge if berotralstat is started too soon after

androgen discontinuation (16). We thus suggest a gradual tapering of

androgen therapy and a washout period of 14 days prior to starting

berotralstat. The washout phase of androgens and the time to steady

state of berotralstat can be covered with temporary pd-C1INH until

the full efficacy of berotralstat has been reached. In jurisdictions where

this is not feasible due to logistical or cost considerations, co-

administration of berotralstat and androgen therapy whilst gradually

reducing the androgen dose (and monitoring liver enzymes) could be

considered as part of a shared decision-making process.
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In clinical practice, scenarios other than just the smoothest

possible transition from one long-term prophylaxis to another are

also conceivable. The interruption of long-term prophylaxis (and

temporary on-demand therapy alone) can be used to re-establish

the indication for continuing long-term prophylaxis with another

therapy. Ultimately, switching long-term prophylaxis therapies is a

highly individualized decision in which the patient’s values and

preferences should play an important role.
Conclusion

Berotralstat is an effective treatment and provides patients with

an oral LTP option. GI side effects occur in a minority of patients,

can be mitigated by graded introduction, and tend to resolve over

time. Berotralstat may increase the plasma concentrations of certain

concomitant medications, and dose reductions of those medicines

may be needed. When switching to berotralstat from pd-C1INH, a

treatment overlap period could help prevent breakthrough

angioedema episodes during the transition period. Prospective

studies to help establish optimal transition protocols are warranted.
Author contributions

AA: Writing – review & editing, Writing – original draft. MM:

Writing – review & editing, Writing – original draft.
Funding

The author(s) declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

AA reports conference travel support and/or honoraria from

BioCryst, Covis Pharma, CSL-Behring, GSK, and Takeda and

clinical trial support from Astria, BioCryst, Ionis Pharmaceuticals,

Kalvista, Octapharma, Pharvaris, and Takeda, outside of the

submitted work. MM has served as investigator, speaker and/or

advisor for Biocryst, CSL Behring, Takeda-Shire, Pharming,

Novartis, Octapharma, Intellia, Astria, Ionis, and KalVista outside

the submitted work.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fimmu.2024.1442671
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org


Adatia and Magerl 10.3389/fimmu.2024.1442671
References
1. Busse PJ, Christiansen SC. Hereditary angioedema. N Engl J Med. (2020)
382:1136–48. doi: 10.1056/NEJMra1808012

2. Maurer M, Magerl M, Betschel S, Aberer W, Ansotegui IJ, Aygoren-Pursun E, et al.
The internationalWAO/EAACI guideline for themanagement of hereditary angioedema-
The 2021 revision and update. Allergy. (2022) 77:1961–90. doi: 10.1111/all.15214

3. Maurer M, Aberer W, Agondi R, Al-Ahmad M, MA A-N, Ansotegui I, et al.
Definition, aims, and implementation of GA(2) LEN/HAEi Angioedema Centers of
Reference and Excellence. Allergy. (2020) 75:2115–23. doi: 10.1111/all.14293

4. BioCryst Pharmaceuticals Inc. Berotralstat: summary of product characteristics. European
medicines (2023). Available online at: https://www.ema.europa.eu/en/documents/product-
information/orladeyo-epar-product-information_en.pdf (Accessed March 12, 2024).

5. Zuraw B, Lumry WR, Johnston DT, Aygoren-Pursun E, Banerji A, Bernstein JA,
et al. Oral once-daily berotralstat for the prevention of hereditary angioedema attacks:
A randomized, double-blind, placebo-controlled phase 3 trial. J Allergy Clin Immunol.
(2021) 148:164–72.e9. doi: 10.1016/j.jaci.2020.10.015

6. Wedner HJ, Aygoren-Pursun E, Bernstein J, Craig T, Gower R, JS J, et al.
Randomized trial of the efficacy and safety of berotralstat (BCX7353) as an oral
prophylactic therapy for hereditary angioedema: results of APeX-2 through 48 weeks
(Part 2). J Allergy Clin Immunol Pract. (2021) 9:2305–14.e4. doi: 10.1016/
j.jaip.2021.03.057

7. Kiani-Alikhan S, Gower R, Craig T, Wedner HJ, Kinaciyan T, Aygoren-Pursun E,
et al. Once-daily oral berotralstat for long-term prophylaxis of hereditary angioedema:
the open-label extension of the APeX-2 randomized trial. J Allergy Clin Immunol Pract.
(2024) 12:733–43.e10. doi: 10.1016/j.jaip.2023.12.019

8. Srinivasan C, Ritchie B, Adatia A. Berotralstat in hereditary angioedema due to C1
inhibitor deficiency: first real-world evidence from a Canadian center. Front Immunol.
(2024) 15:1339421. doi: 10.3389/fimmu.2024.1339421
Frontiers in Immunology 04
9. Ahuja M, Dorr A, Bode E, Boulton APR, Buckland M, Chee S, et al. Berotralstat
for the prophylaxis of hereditary angioedema-Real-world evidence data from the
United Kingdom. Allergy. (2023) 78:1380–3. doi: 10.1111/all.15641

10. Johnson F, Stenzl A, Hofauer B, Heppt H, EV E, Wollenberg B, et al. A
retrospective analysis of long-term prophylaxis with berotralstat in patients with
hereditary angioedema and acquired C1-inhibitor deficiency-real-world data. Clin
Rev Allergy Immunol. (2023) 65(3):354–64. doi: 10.1007/s12016-023-08972-2

11. Buttgereit T, Nicola S, Vera C, Brussino L, Maurer M, Magerl M. Significant
response to berotralstat in 3 patients with hereditary angioedema of unknown
origin. J Allergy Clin Immunol Pract. (2023) 11(12):3804–7. doi: 10.1016/j.jaip.2023.
08.018

12. Luvai A, Mbagaya W, Hall AS, Barth JH. Rosuvastatin: a review of the
pharmacology and clinical effectiveness in cardiovascular disease. Clin Med Insights
Cardiol. (2012) 6:17–33. doi: 10.4137/CMC.S4324

13. Berotralstat. Wolters kluwer (2023). Available online at: http://online.lexi.com
(Accessed November 25, 2023).

14. Kenniston JA, Faucette RR, Martik D, Comeau SR, Lindberg AP, Kopacz KJ,
et al. Inhibition of plasma kallikrein by a highly specific active site blocking antibody.
J Biol Chem. (2014) 289:23596–608. doi: 10.1074/jbc.M114.569061

15. Kotian PL, Wu M, Vadlakonda S, Chintareddy V, Lu P, Juarez L, et al.
Berotralstat (BCX7353): structure-guided design of a potent, selective, and oral
plasma kallikrein inhibitor to prevent attacks of hereditary angioedema (HAE).
J Med Chem. (2021) 64:12453–68. doi: 10.1021/acs.jmedchem.1c00511

16. Peter JG, Desai B, Tomita D, Collis P, Stobiecki M. Assessment of HAE
prophylaxis transition from androgen therapy to berotralstat: A subset analysis of
the APeX-S trial.World Allergy Organ J. (2023) 16:100841. doi: 10.1016/j.waojou.2023.
100841
frontiersin.org

https://doi.org/10.1056/NEJMra1808012
https://doi.org/10.1111/all.15214
https://doi.org/10.1111/all.14293
https://www.ema.europa.eu/en/documents/product-information/orladeyo-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/orladeyo-epar-product-information_en.pdf
https://doi.org/10.1016/j.jaci.2020.10.015
https://doi.org/10.1016/j.jaip.2021.03.057
https://doi.org/10.1016/j.jaip.2021.03.057
https://doi.org/10.1016/j.jaip.2023.12.019
https://doi.org/10.3389/fimmu.2024.1339421
https://doi.org/10.1111/all.15641
https://doi.org/10.1007/s12016-023-08972-2
https://doi.org/10.1016/j.jaip.2023.08.018
https://doi.org/10.1016/j.jaip.2023.08.018
https://doi.org/10.4137/CMC.S4324
http://online.lexi.com
https://doi.org/10.1074/jbc.M114.569061
https://doi.org/10.1021/acs.jmedchem.1c00511
https://doi.org/10.1016/j.waojou.2023.100841
https://doi.org/10.1016/j.waojou.2023.100841
https://doi.org/10.3389/fimmu.2024.1442671
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Berotralstat for hereditary angioedema with C1 inhibitor deficiency: a practical guide for clinicians
	Introduction
	Drug pharmacology
	Clinical efficacy
	Side effects and monitoring
	Drug-drug interactions
	Switching LTP therapies
	Conclusion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References


