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Abstract

Background: Berotralstat (BCX7353) is an oral, once‐daily inhibitor of plasma
kallikrein recently approved for prevention of angioedema attacks in adults and

adolescents with hereditary angioedema (HAE). The objective of this report is to

summarize results from an interim analysis of an ongoing long‐term safety study of
berotralstat in patients with HAE.

Methods: APeX‐S is an ongoing, phase 2, open‐label study conducted in 22 coun-
tries (ClinicalTrials.gov, NCT03472040). Eligible patients with a clinical diagnosis of

HAE due to C1 inhibitor deficiency (HAE‐C1‐INH) were centrally allocated to
receive berotralstat 150 or 110 mg once daily. The primary objective was to

determine long‐term safety and the secondary objective was to evaluate

effectiveness.

Results: Enrolled patients (N= 227) received berotralstat 150mg (n= 127) or 110mg

(n = 100) once daily. The median (range) duration of exposure was 342 (11–540) and

307 (14–429) days for the 150‐mg and 110‐mg groups, respectively. Treatment‐
emergent adverse events (TEAEs) occurred in 91% (n = 206) of patients. The most

common TEAEs across treatment groups were upper respiratory tract infection

(n = 91, 40%), abdominal pain (n = 57, 25%), headache (n = 40, 18%), and diarrhea

(n=31, 14%) andweremostlymild tomoderate. Fifty percent (n=113) of patients had

at least one drug‐related adverse event (AE; 150 mg, n = 57 [45%]; 110 mg, n = 56

[56%]), and discontinuations due to AEs occurred in 19 (8%) patients (150 mg, n = 13

[10%]; 110 mg, n = 6 [6%]). Three (1.3%) patients experienced a drug‐related serious
TEAE. Among patients who received berotralstat through 48 weeks (150 mg, n = 73;

110 mg, n = 30), median HAE attack rates were low in month 1 (150 mg, 1.0 attacks/

month; 110 mg, 0.5 attacks/month) and remained low through 12 months (0 attacks/

month in both dose groups). Mean HAE attack rates followed a similar trend, and no

evidence for patient tolerance to berotralstat emerged. In both dose groups,

angioedema quality of life scores showed clinically meaningful changes from baseline.

Conclusions: In this analysis, both berotralstat doses, 150 and 110 mg once daily,

were generally well tolerated. Effectiveness results support the durability and

robustness of berotralstat as prophylactic therapy in patients with HAE.

Trial registration: The study is registered with ClinicalTrials.gov (NCT03472040).

K E YWORD S

berotralstat, hereditary angioedema, long‐term, prophylaxis, safety

1 | INTRODUCTION

Hereditary angioedema (HAE) due to C1 inhibitor (C1‐INH) defi-
ciency (HAE‐C1‐INH) is a genetic disease characterized by recurrent
attacks of subcutaneous and/or submucosal swelling.1,2 HAE‐C1‐INH
is caused by either quantitative deficiencies or dysfunctional

production of C1‐INH, leading to uncontrolled plasma kallikrein ac-
tivity, excessive release of bradykinin, and consequent angioe-

dema.3,4 HAE attacks most commonly affect the subcutaneous

tissues of the extremities, torso, face, and genitals, and the submu-

cosal tissues of the intestines, oropharynx, and larynx.5 The onset of

attacks is generally not predictable, and attacks with laryngeal
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angioedema can be life‐threatening because of potential upper

airway obstruction and asphyxiation.6,7 HAE attacks can be painful

and incapacitating, interfering with a patient’s ability to perform daily

activities.8,9 These attacks can lead to emergency room visits and

hospitalization, often with incorrect diagnoses and ineffective treat-

ments for misdiagnosed patients.7,10 The variable frequency of at-

tacks, the risk of laryngeal edema, and a familial history of fatal

laryngeal attacks can lead to anxiety and depression, contributing to

a significant burden of disease and reduced quality of life (QoL) for

patients.11–14

Intravenously (IV) or subcutaneously (SC) administered on‐
demand treatments reduce the severity and duration of HAE at-

tacks.15–17 Recent treatment guidelines advise that a prophylactic

treatment strategy should be considered in every patient with HAE

to reduce the frequency and severity of angioedema attacks and that

the decision to use long‐term prophylaxis should reflect the needs of
the individual patient.17,18 Historically, prophylactic treatment op-

tions included oral attenuated androgens and antifibrinolytics.

Antifibrinolytics are not efficacious,19 and oral attenuated androgens

have numerous side effects that limit their tolerability, particularly

for women and children.20–22 In the past 10 years, targeted thera-

pies including IV or SC formulations of C1‐INH replacement

therapy,19,23,24 an SC plasma kallikrein inhibitor (lanadelumab),25 and

an oral plasma kallikrein inhibitor (berotralstat)26 have been shown

to substantially reduce disease activity.25 Administration of paren-

teral therapies may require caregivers’ or healthcare professional

assistance, adding a significant treatment burden, which may be

difficult for some patients, particularly pediatric patients, those with

a fear of needles, or those with poor peripheral venous access.15,16,27

Because HAE is a lifelong disease, there is a need for long‐term
treatment options that are efficacious, well tolerated, and have a

lower treatment burden.28

Orladeyo® (berotralstat) is an oral, once‐daily, highly selective
inhibitor of plasma kallikrein recently approved for prevention of

angioedema attacks in adults and adolescents with HAE.29 In the

primary analysis of the phase 3, randomized, double‐blind, placebo‐
controlled APeX‐2 trial (NCT03485911), treatment with berotral-
stat 150 and 110 mg was shown to significantly reduce HAE

attack rates compared with placebo through 24 weeks (150 mg:

1.31 attacks/month, p < 0.001; 110 mg: 1.65 attacks/month,

p = 0.024; placebo: 2.35 attacks/month).26 These results were

further supported by the primary analysis (24 weeks) of the phase

3, randomized, double‐blind, placebo‐controlled APeX‐J trial

(NCT03873116) demonstrating that treatment with 150 mg of

berotralstat significantly reduced HAE attacks relative to placebo

(1.11 vs. 2.18 attacks/month, p = 0.003) in patients with HAE in

Japan.30

Here, we report results of a planned interim analysis of the

ongoing, global, open‐label APeX‐S study, which was designed to
evaluate the long‐term safety and effectiveness of oral once‐daily
berotralstat 150 and 110 mg for the prevention of angioedema at-

tacks in patients with HAE.

2 | METHODS

2.1 | Study design

APeX‐S is an ongoing, global, open‐label, nonrandomized study in
which enrolled patients were centrally allocated to receive 150 or

110 mg of open‐label berotralstat. The current analysis includes
patients at 49 sites in 22 countries (Table S1). The study was

initially designed to evaluate the safety and effectiveness of a

single dose level of berotralstat (150 mg once daily) over

48 weeks of treatment but was amended to add a second dose

level (110 mg once daily) based on the inclusion of both doses

(150 and 110 mg) in the pivotal phase 3 APeX‐2 randomized

control trial. The current preplanned data analysis occurred when

approximately 100 patients treated with 150 mg of berotralstat

from a combination of this study and the APeX‐2 trial completed
48 weeks of treatment. The APeX‐S study remains ongoing. This
report summarizes results for all enrolled patients from February

27, 2018 (first patient enrolled) through August 20, 2019 (Clin-

icalTrials.gov, NCT03472040).

This study was designed, performed, and monitored in accor-

dance with Good Clinical Practice guidelines according to the In-

ternational Council on Harmonisation and in compliance with the

Declaration of Helsinki. The protocol, amendments, informed con-

sent forms, and other relevant study documentation were

approved by institutional review boards and independent ethics

committees before implementation in accordance with regulatory

requirements.

2.2 | Patients

Patients with HAE were eligible for the study in all participating

countries if aged ≥18 years and if aged ≥12 to 17 years in certain
countries (where allowed). Enrolled patients must have either

participated in a previous berotralstat study or be expected to

benefit from berotralstat treatment in the opinion of the investi-

gator and have fulfilled all other inclusion criteria. For patients

naive to berotralstat treatment, diagnosis of HAE‐C1‐INH was

confirmed by C1‐INH functional level (<50% by chromogenic

assay) and complement 4 (C4) level below the lower limit of

normal (LLN) as assessed during the screening period. Patients

with a C1‐INH functional level between 50% and the assay LLN

(74%) or a C4 value above the LLN could qualify via alternative

protocol‐specified criteria (Supporting Information: Methods). Pa-
tients who met eligibility criteria for and participated in a prior

berotralstat study were not required to requalify under this

diagnostic criterion at the time of enrollment in APeX‐S. Eligible
patients were required to have access to at least one appropriate

on‐demand rescue medication to treat HAE attacks. Sites reques-
ted a treatment allocation for eligible patients in the interactive

voice/web response system (IxRS).
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2.3 | Procedures

Safety was evaluated by assessment of treatment‐emergent adverse
events (TEAEs) and laboratory analyses. Definitions and assessment

of severity of adverse events (AEs) were based on criteria listed in

the 2007 Division of Microbiology and Infectious Diseases Adult

Toxicity Table.31 The relationship of an AE to study drug was

assessed by the investigator or medically qualified designee. TEAEs

of rash were required to be assessed and reported promptly for

review by the medical monitor. Patients were required to discon-

tinue berotralstat if they had liver enzyme elevations that exceeded

protocol‐specified levels or met other study‐specified stopping

rules.

At the baseline visit, patients were informed of the importance

of diary completion and appropriate recording of events (i.e.,

reporting attacks in the diary and other symptoms to the investi-

gator). Data on angioedema attacks, including the location of

symptoms, severity, and treatment(s) administered, were recorded

by patients daily using a paper diary. Attacks were adjudicated

(confirmed or rejected for inclusion in the effectiveness analysis)

using a programmed algorithm according to predefined criteria

created in collaboration with HAE‐treating physicians and defined in
the statistical analysis plan. A patient‐reported attack must have met
the following criteria to be confirmed: (1) the attack must have

included ≥1 symptom of swelling, (2) there must not have been an

alternative explanation for the swelling (e.g., allergic reaction), (3)

any attack that began within 24 h of the end of the previous attack

was combined with the previous attack, and (4) if untreated, the

attack must have had a duration of >24 h. Treatment of attacks
followed the patients’ normal treatment plan. Disease‐specific QoL
impairment was measured with the Angioedema QoL Questionnaire

(AE‐QoL).32 This validated, patient‐reported outcome measure as-
sesses QoL in 4 dimensions with a total of 17 items; a lower total

score indicates improved QoL (scale: 0–100 points; the minimum

clinically important difference [MCID] is a change of 6 points in total

score).32,33 Patients’ satisfaction with their medication was assessed

with the Treatment Satisfaction Questionnaire for Medication

(TSQM).34 The TSQM consists of 14 items. Scores range from 0 to

100, with higher scores indicating higher satisfaction.34 Question-

naires were not administered in countries where validated trans-

lations did not exist (AE‐QoL: Hong Kong, Serbia, and South Korea;
TSQM: Hong Kong).

Patients were instructed to take berotralstat capsules orally,

once daily at the same time each day with their largest meal or within

30 min of that meal. Percent study drug compliance was based upon

returned capsule count and computed as the number of capsules

taken divided by the expected number of capsules � 100.

2.4 | Objectives and outcome measures

The primary objective of the study was to evaluate the long‐term
safety and tolerability of daily dosing of oral berotralstat in

patients with HAE. Safety endpoints included the proportion of

patients with TEAEs, grade 3 (severe) or 4 (life‐threatening) TEAEs,
treatment‐emergent serious adverse events (TESAEs), discontinua-
tions due to TEAEs, drug‐related TEAEs consistent with a drug rash,
and treatment‐emergent grade 3 or 4 laboratory abnormalities. The
secondary objectives of the study were to assess effectiveness,

QoL, and patient satisfaction during long‐term administration of

berotralstat. Effectiveness endpoints included the number and rate

of HAE attacks, the durability of response (attack‐rate trend over
time), the proportion of days with angioedema symptoms, the

number of attacks requiring treatment, discontinuations due to lack

of efficacy, severity of attacks, and patient‐reported outcomes (AE‐
QoL, TSQM).

2.5 | Statistical analysis

All safety and effectiveness analyses were conducted for the safety

population (all patients receiving ≥1 dose of study drug). De-

mographics, disease characteristics, compliance with study treat-

ment, and safety endpoints were summarized by treatment group.

AEs were assessed and recorded from the time the informed consent

form was signed through the end‐of‐study visit. TEAEs were defined
as AEs that occurred on or after the initiation of study drug and up to

30 days after the last dose of study drug. Unless otherwise specified,

TEAEs are reported throughout this manuscript. In this study, HAE

attacks and their associated symptoms were not defined as TEAEs

unless they met the criteria for a serious adverse event (SAE). Patient

incidence of AEs and rate per 100 person‐years of exposure (PYE)
were tabulated. Clinical laboratory results were summarized using

descriptive statistics. Subgroup analyses of selected safety endpoints

were conducted based on latency of prior androgen use (i.e., time

between discontinuing the androgen and starting berotralstat) and

duration of prior androgen use. An independent data monitoring

committee provided safety monitoring at prespecified intervals with

additional consultation or review as needed.

For effectiveness analyses, patient‐reported and programmat-
ically adjudicated HAE attacks were analyzed by treatment group

using descriptive statistics. All subsequent discussions of HAE at-

tacks in this manuscript refer to programmatically adjudicated HAE

attacks unless otherwise specified. Some patients were dis-

continuing other prophylactic therapies prior to entry and other

patients were entering from a prior berotralstat study; therefore,

no baseline attack rate was collected. For the safety population,

attack rates were computed by month (1 month = 28 days) as well

as for the entire dosing period. Ad hoc analyses of attack rates

were performed for patients who completed 48 weeks of bero-

tralstat treatment. The proportion of days with angioedema

symptoms were summarized using descriptive statistics by treat-

ment group and presented by month and for the entire dosing

period. Discontinuations due to perceived lack of efficacy were

summarized. The patient‐reported attack severity for adjudicated
attacks as well as the percentage of adjudicated attacks treated
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with SOC medication were summarized descriptively. Changes

from baseline in AE‐QoL total scores and TSQM global satisfaction

scores were calculated and summarized.

3 | RESULTS

3.1 | Study population

Of 254 screened patients, 227 were centrally allocated to study drug

and received ≥1 dose of study treatment (150 mg, n = 127; 110 mg,
n = 100). The majority of enrolled patients had not participated in a
previous berotralstat trial (n = 151, 67%). At the cutoff date for this
analysis, 73 patients receiving 150 mg and 30 patients receiving

110 mg had completed 48 weeks of study drug dosing (Figure 1).

Overall, 57 (25%) patients discontinued study drug before 48 weeks,

and 67 (30%) had not yet reached 48 weeks of dosing (23 receiving

150 mg and 44 receiving 110 mg). The most common reasons for

discontinuation were perceived lack of efficacy (n = 28, 12%) and lab-
oratoryabnormalities orAEs (n=19, 8%; Figure1). Themean (standard
deviation [SD]) compliance with study drug dosing was 95% (9.0).

Baseline demographics were generally well balanced between

treatment groups except for age, with patients receiving berotralstat

150 mg being older by approximately 5 years on average (Table 1).

Ten adolescents (aged ≥12–17 years) were enrolled. Overall, 139
(61%) of patients were female. Most patients (n = 183, 81%) had used
at least one past prophylactic treatment, the most common being

attenuated androgens (n = 142, 63%). With berotralstat 150 mg, 18
(14%) patients discontinued attenuated androgens <2 weeks before
the first dose of berotralstat compared with 22 (22%) patients

receiving berotralstat 110 mg.

3.2 | Safety

3.2.1 | Treatment‐emergent AEs

The median (range) duration of exposure was 342 (11–540) days

for berotralstat 150 mg and 307 (14–429) days for 110 mg.

Overall, there were 107 PYE for berotralstat 150 mg and 69 PYE

for 110 mg. The safety profiles were similar between doses and

therefore, safety is presented across both doses. TEAEs were re-

ported in 91% of patients during the treatment period. The most

frequently reported AEs were upper respiratory tract infection

(n = 91, 40%), abdominal pain (n = 57, 25%), headache (n = 40,

18%), and diarrhea (n = 31, 14%) (Table 2). A similar trend in

254 patients screened

227 patients enrolled† 

Berotralstat 110 mg Berotralstat 150 mg

127 received at least one doseSafety population 100 received at least one dose

26 discontinued study drug early 
17 due to perceived lack of efficacy  
6 due to lab abnormality or AE
2 withdrew consent
1 other

23 did not yet reach 48 
weeks (as of data cut)

24 patients failed screening
14 ineligible
7 withdrew consent
2 investigator discretion
1 other

3 patients in screening
(as of data cut)

Patients with early
drug discontinuation

before 48 weeks

Patients continuing on
study drug who had not

yet reached 48 weeks of
dosing (as of data cut)

Patients who completed
48 weeks of dosing

(as of data cut)

31 discontinued study drug early 
11 due to perceived lack of efficacy
13 due to lab abnormality or AE
1 due to intercurrent illness/pregnancy 
1 investigator judgment
3 withdrew consent
2 other

44 did not yet reach 48 
weeks (as of data cut)

73 completed 48 weeks 
of dosing (as of data cut)

30 completed 48 weeks 
of dosing (as of data cut)

F I GUR E 1 Patient disposition. AE, adverse event. †Patients were centrally allocated to one of two treatment groups. At the request of the
Ministry of Food and Drug Safety, patients in South Korea were randomized 1:1 between the treatment groups
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frequent AEs was observed when the data were reviewed based

on AE frequency per 100 PYE (Table S2). Fifty percent of patients

had at least 1 drug‐related AE (150 mg, n = 57 [45%]; 110 mg,

n = 56 [56%]). The most common drug‐related events across both
treatment groups were abdominal pain (n = 22, 9.7%), diarrhea

(n = 16, 7.0%), and nausea (n = 14, 6.2%). AEs were largely mild to

moderate in severity. Thirty‐four (15%) patients experienced a

grade 3 or 4 TEAE, with HAE attack (n = 8, 3.5%), increased

alanine aminotransferase (ALT; n = 6, 2.6%), increased hepatic

enzyme (n = 2, 0.9%), abnormal liver function test (LFT; n = 2,

0.9%), and pneumonia (n = 2, 0.9%) as the most frequently re-

ported. Six percent of patients had drug‐related grade 3 or 4

TEAEs. Thirty (13%) patients experienced a TESAE (150 mg,

n = 12 [9%]; 110 mg, n = 18 [18%]), with half related to HAE

attacks (12 patients) and medical observation (three patients). This

may be attributed to hospitalization being a common practice for

HAE attacks in some of the regions, leading to classification of

these events as TESAEs. Drug‐related SAEs were reported in three
(1.3%) patients (150 mg, n = 1 [0.8%]; 110 mg, n = 2 [2.0%]); one

patient on berotralstat 150 mg had abnormal LFT (began on day

18 and resolved on day 56; 37 days after withdrawal from study),

one patient on berotralstat 110 mg had increased hepatic enzyme

(began on day 18 and resolved on day 118) and gastroenteritis

(began on day 11 and resolved on day 23; 5 days after withdrawal

from study), and one patient on berotralstat 110 mg had abdom-

inal pain (began on day 6 and decreased to grade 1 on day 36;

29 days after treatment interruption without recurrence of

symptoms, and the event was resolved).

Overall, 10% (n = 13) and 6% (n = 6) of patients receiving bero-
tralstat 150 and 110 mg, respectively, discontinued study drug due to

AEs occurring primarily within the first month of treatment (Table 3).

The AEs or laboratory abnormalities leading to discontinuation in >1
patient were liver transaminase elevations (eight patients), upper

abdominal pain (three patients), and vomiting (two patients).

Seven (70%) of the 10 adolescent patients experienced a TEAE

(150 mg, n = 5 [100%]; 110 mg, n = 2 [40%]). The most frequently

reported events in adolescent patients were headache (n = 3, 30%),

nasopharyngitis (n = 2, 20%), and sinusitis (n = 2, 20%). Three

experienced a drug‐related AE (abdominal pain, n = 1; abdominal pain
upper, n = 1; headache and two events of dizziness, n = 1). Two

adolescent patients experienced at least one grade 3 or 4 TEAE: one

patient experienced facial paralysis not considered related to bero-

tralstat, and the other experienced headache and dizziness that were

both considered possibly related to berotralstat (all were resolved).

One adolescent patient in the 110‐mg group discontinued study drug
due to grade 2 upper abdominal pain.

TAB L E 1 Baseline characteristics

Patient characteristics Berotralstat 110 mg (n = 100) Berotralstat 150 mg (n = 127) Total (N = 227)

Age, mean (SD), y 37.6 (14.0) 42.5 (13.4) 40.3 (13.9)

Age, n (%)

12–17 years 5 (5) 5 (4) 10 (4)

18–64 years 93 (93) 119 (94) 212 (93)

≥65 years 2 (2) 3 (2) 5 (2)

Female, n (%) 62 (62) 77 (61) 139 (61)

Weight, mean (SD), kg 75.7 (19.1) 78.7 (18.9) 77.4 (19.0)

Race, n (%)

Asian 12 (12) 10 (8) 22 (10)

White 82 (82) 110 (87) 192 (85)

Other 6 (6) 7 (6) 13 (6)

Any prior prophylactic treatment for HAE, n (%) 81 (81) 102 (80) 183 (81)

Any prior androgen use 61 (61) 81 (64) 142 (63)

Any prior C1‐INH usea 22 (22) 32 (25) 54 (24)

Time since discontinuation of attenuated androgens

Never used 31 (31) 43 (34) 74 (33)

<2 weeks 22 (22) 18 (14) 40 (18)

2 weeks to <1 month 4 (4) 5 (4) 9 (4)

1 month to <2 months 8 (8) 5 (4) 13 (6)

≥2 months 35 (35) 56 (44) 91 (40)

Abbreviations: C1‐INH, C1 inhibitor; HAE, hereditary angioedema; SD, standard deviation.
aC1‐INH includes plasma‐derived and recombinant human C1‐INH and fresh frozen plasma.
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Eight (3.5%) patients had a rash assessed by the investigator as

related to study drug; in two (0.9%) patients, the event was consis-

tent with delayed drug hypersensitivity reaction presenting as a

benign generalized maculopapular rash, which had been reported in

previous studies. Both events were grade 1 and resolved, with one

patient remaining on berotralstat.

3.3 | Laboratory abnormalities

The most common clinically significant treatment‐emergent labora-
tory abnormality was elevated ALT. Thirteen (6%) patients had a

treatment‐emergent grade 3 or 4 ALT abnormality (150 mg, n = 6;

110 mg, n = 7), most commonly within the first month after

TAB L E 2 Overall summary of adverse events

Safety outcomes, n (%) Berotralstat 110 mg (n = 100) Berotralstat 150 mg (n = 127) Total (N = 227)

Any AE 91 (91) 115 (91) 206 (91)

Most common AEs with medical concepts (>10% of patients in any treatment group)a

Upper respiratory tract infection 34 (34) 57 (45) 91 (40)

Abdominal pain 31 (31) 26 (21) 57 (25)

Headache 21 (21) 19 (15) 40 (18)

Diarrhea 13 (13) 18 (14) 31 (14)

Drug‐related AE 56 (56) 57 (45) 113 (50)

Grade 3 or 4 AE 14 (14) 20 (16) 34 (15)

Drug‐related grade 3 or 4 AEb 6 (6) 8 (6) 14 (6)

Investigator‐identified drug‐related rash (EOSI)c 2 (2) 00 (0) 2 (1)

SAE 18 (18) 12 (9) 30 (13)

Drug‐related SAE 2 (2) 1 (1) 3 (1)

Abbreviations: AE, adverse event; EOSI, event of special interest; SAE, serious adverse event.
aAdverse events are coded using MedDRA version 19.1. The terms “abdominal pain,” “diarrhea,” and “upper respiratory tract infection” are medical

concepts containing multiple preferred terms. “Abdominal pain” contains the preferred terms “abdominal pain,” “abdominal discomfort,” “abdominal pain

upper,” “abdominal pain lower,” and “epigastric discomfort.” “diarrhea” contains the preferred terms, “diarrhea” and “feces soft.” “upper respiratory tract

infection” contains the preferred terms “nasopharyngitis,” “upper respiratory tract infection,” “viral upper respiratory tract infection,” “respiratory tract

infection,” and “respiratory tract infection viral.”
bBerotralstat 110 mg (n = number of patients): Alanine aminotransferase increased (n = 3), hepatic enzyme increased and gastroenteritis (n = 1), liver
function test abnormal (n = 1), abdominal pain (n = 1). Berotralstat 150 mg (n = number of patients): Alanine aminotransferase increased (n = 2), four
events of increased alanine aminotransferase (n = 1), hepatic enzyme increased (n = 1), liver function test abnormal (n = 1), transaminases increased

(n = 1), arthralgia and myalgia (n = 1), dizziness and headache (n = 1). Patients may have experienced the same coded event more than once.
cDiffuse maculopapular rash assessed as at least possibly related to berotralstat treatment.

TAB L E 3 Overall summary of adverse events leading to discontinuation of study drug

Safety outcomes, n (%)

Berotralstat Berotralstat

Total (N = 227)110 mg (n = 100) 150 mg (n = 127)

AEs leading to discontinuation of study druga 6 (6) 13 (10) 19 (8)

AEs or laboratory abnormalities leading to discontinuation of study drug (>1 patient in any treatment group)

Liver‐related abnormalities 3 (3) 5 (4) 8 (4)

Upper abdominal pain 2 (2) 1 (1) 3 (1)

Vomiting 00 (0) 2 (2) 2 (1)

Abbreviation: AE, adverse event.
aBerotralstat 110 mg (n = number of patients): Alanine aminotransferase and aspartate aminotransferase increased (n = 1), hepatic enzyme increased
and drug eruption and gastroenteritis (n = 1), liver function test abnormal (n = 1), abdominal pain upper (n = 2), headache (n = 1). Berotralstat 150 mg
(n = number of patients): Alanine aminotransferase increased (n = 1), alanine aminotransferase and aspartate aminotransferase increased (n = 1),

hepatic enzyme increased (n = 1), liver function test abnormal (n = 1), abdominal pain upper (n = 1), vomiting (n = 1), diarrhea and alanine

aminotransferase increased (n = 1), vomiting and nausea (n = 1), dermatitis psoriasiform and rash (n = 1), anemia (n = 1), arthralgia, myalgia, and

dizziness (n = 1), acute myelomonocytic leukemia (n = 1), depression and suicide attempt (n = 1). Patients may have experienced the same coded event
more than once.
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berotralstat exposure. All 13 had previously used androgens. All but

one of the 13 patients had stopped androgens 7 to 9 days before the

first dose of berotralstat; one patient stopped androgens <2 months
from the first dose of berotralstat. Patients who discontinued an-

drogens <2 weeks before starting berotralstat were more likely to
experience a TEAE of ALT elevation (25%) compared with those who

had never used androgens (1%) or those who discontinued androgens

≥2 weeks prior (3%). ALT elevations were generally transient with no
evidence of jaundice or synthetic dysfunction and resolved or

improved during the observation period; six patients discontinued

berotralstat, five patients continued berotralstat, and two patients

subsequently discontinued because of an unrelated perceived lack of

efficacy.

3.4 | Effectiveness

3.4.1 | HAE attack rates

Among patients receiving berotralstat through week 48, mean (SD)

attack rates at month 1 were 1.2 (1.4) attacks/month and 1.1 (1.6)

attacks/month with berotralstat 150 and 110 mg, respectively.

The mean (SD) rate of HAE attacks generally declined through

month 12, with 0.8 attacks/month reported in month 12 in both

treatment groups (Figure 2A). Median attack rates followed a

similar trend. Patients receiving 150 and 110 mg of berotralstat

had median (range) attack rates of 1.0 (0.0–7.0) and 0.5 (0.0–7.0)

attacks/month at month 1, respectively (Figure 2B). Both groups

had a median (range) attack rate of 0.0 (0.0–4.0) attacks/month at

month 12.

In an analysis of adjudicated HAE attack rates by age group,

adolescent patients aged 12 to 17 years (n = 10) had mean (SD)

attack rates over the entire treatment period of 0.77 (0.96) at-

tacks/month and 0.78 (1.02) attacks/month with 150 mg (n = 5)

and 110 mg (n = 5), respectively, while on berotralstat

treatment.

Throughout the study, 76% of attacks were reported by patients

as negligible, mild, or moderate in severity. Of the on‐study attacks,
82% were treated with SOC medication. Among treated attacks, the

SOC medications used for the treatment of attacks were plasma‐
derived C1‐INH (46%), icatibant (38%), recombinant C1‐INH (4%),

and fresh frozen plasma (1%).

3.5 | Days with angioedema symptoms

In the entire study population, the median (range) proportion of days

with angioedema symptoms was low across the treatment period

(150 mg, 0.07 [0–0.7], equivalent to 23.5 days during a 48‐week
period; 110 mg, 0.08 [0–0.7], equivalent to 26.9 days during a

48‐week period), where the proportion of days is based on the
number of days that the patient was on treatment.
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3.6 | QoL and treatment satisfaction scores

Clinically meaningful mean (SD) changes in AE‐QoL total scores were
observed in both dose groups from baseline (150 mg, 37.8 [17.9];

110 mg, 42.2 [21.2]) to week 48 (150 mg, 24.7 [17.8]; 110 mg, 24.9

[16.4]), demonstrating improved QoL. Improvements exceeding the

MCID of 6 points were observed as early as week 4 (first post-

baseline assessment) for both dose groups (Figure 3). At week 48,

62% (45/73) of patients receiving berotralstat 150 mg and 70% (16/

23) of patients receiving 110 mg had change from baseline that was

greater than or equal to the MCID (≥6 points) in AE‐QoL scores.
TSQM scores improved from baseline to week 48 in all domains, with

similar changes from baseline in both the dose groups.

4 | DISCUSSION

The ongoing, open‐label, phase 2, APeX‐S study is a large,

geographically diverse, long‐term study to assess the safety and

effectiveness of berotralstat in patients with HAE‐C1‐INH. This
planned data analysis demonstrated that long‐term treatment with

once‐daily oral berotralstat 150 or 110 mg was well tolerated.
In this study, the most common drug‐related AEs across both

treatment groups were abdominal pain, diarrhea, and nausea. These

findings were consistent with observations from the phase 3, ran-

domized, double‐blind, placebo‐controlled APeX‐2 study, in which
the most common TEAEs that occurred with berotralstat compared

with placebo were abdominal pain, vomiting, diarrhea, and back

pain.26 Drug‐related SAEs were infrequent and rates of study

discontinuation due to AEs were low. The most common grade 3 or 4

laboratory abnormality was ALT elevation. Notably, almost all pa-

tients reporting a grade 3 or 4 ALT increase had discontinued an-

drogens <2 weeks before starting berotralstat. Literature reports
indicate that prolonged androgen use and higher doses may be

associated with an increased risk of AEs, including abnormal LFT

results.22,35–37 The observed safety profile of berotralstat from this

study was generally consistent with the pivotal phase 3, placebo‐
controlled APeX‐2 study, with no new safety signals observed.26

Among patients who received berotralstat for 48 weeks, low

attack rates were observed within the first 4 weeks of treatment

and were maintained or improved through week 48. Berotralstat

was previously shown to reduce HAE attack rates over 24 weeks in

the pivotal phase 3, randomized, double‐blind, placebo‐controlled
APeX‐2 study.26 Attack rates did not increase over the course of
the study, indicating that patients did not exhibit tolerance to

berotralstat treatment. Mean (SD) attack rates were 1.2 (1.4) at-

tacks/month in month 1, 1.0 (1.3) attacks/month in month 6, and

0.8 (1.0) attacks/month in month 12 for patients completing

48 weeks of treatment with 150 mg of berotralstat, and 1.1 (1.6)

attacks/month in month 1, 1.0 (1.5) attacks/month in month 6, and

0.8 (1.2) attacks/month in month 12 for patients completing

48 weeks of treatment with 110 mg of berotralstat. Improvements

in AE‐QoL and patient satisfaction with medication also support
the durability of response in reducing HAE attack rates with

berotralstat.

A limitation of this study is that patients were centrally allocated

to treatment rather than randomized, introducing imbalances be-

tween treatment groups across different regions with varying local

patterns of care, such as differences in previous prophylactic therapy.

Another limitation is that baseline attack rates were not calculated

for this study because the primary objective of this study was to

assess safety; patients were allowed to enroll directly from a previ-

ous berotralstat study, while treatment‐naive patients were not
required to complete a prospective run‐in period to measure baseline
attack rate. Lastly, this study was noncomparative; efficacy was

compared with placebo in the APeX‐2 and APeX‐J trials.26,30

HAE is a lifelong condition and is often treated with long‐term
prophylactic therapy. While other currently available prophylactic

therapies for HAE, including IV and SC formulations of plasma‐
derived C1‐INH23,24 and SC lanadelumab, have been shown to be
safe and effective in reducing HAE attack rates, they require prep-

aration time and self‐infusion, which may be burdensome for

F I GUR E 3 Plot of mean (SEM) change from
baseline in AE‐QoL scores over time. AE‐QoL,
Angioedema Quality of Life Questionnaire;
MCID, minimum clinically important difference;
SEM, standard error of the mean
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patients.25 Berotralstat has the advantage of being an oral therapy

with a simple daily dosing regimen and a lower treatment burden.

The current results of the APeX‐S study provide important data
to support the safety and tolerability of berotralstat as the first

targeted oral therapy for long‐term prophylaxis. To support the

pivotal APeX‐2 trial, the larger study population and wide geographic
distribution of patients in the APeX‐S trial allows for greater

generalizability of results.26 This study remains ongoing to further

assess long‐term safety and effectiveness of berotralstat 150 mg

beyond 48 weeks of therapy.
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