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Safety and Efficacy of Bimekizumab in Patients With Active
Psoriatic Arthritis: Three-Year Results From a Phase IIb
Randomized Controlled Trial and Its Open-Label Extension
Study

Laura C. Coates,1 Iain B. McInnes,2 Joseph F. Merola,3 Richard B. Warren,4 Arthur Kavanaugh,5

Alice B. Gottlieb,6 Laure Gossec,7 Deepak Assudani,8 Rajan Bajracharya,8 Jason Coarse,9 Barbara Ink,8

and Christopher T. Ritchlin10

Objective. To assess the long-term safety, tolerability, and efficacy of bimekizumab in active psoriatic arthritis (PsA).
Methods. Adult patients with active PsA who completed the double- and dose-blind periods of the BE ACTIVE

randomized controlled trial were eligible to enroll in the open-label extension (OLE) study at week 48, after which patients
received 160 mg of bimekizumab every 4 weeks. Safety and efficacy results are presented through 152 weeks.

Results. At week 152, 161 of 206 patients (78.2%) remained in the study. From weeks 0–152, 184 of 206 patients
experienced ≥1 treatment-emergent adverse event (126.4 per 100 patient-years). The most frequent events were
nasopharyngitis (7.6 per 100 patient-years), upper respiratory tract infection (6.8 per 100 patient-years), bronchitis
(3.5 per 100 patient-years), and oral candidiasis (3.5 per 100 patient-years). Additionally, 47 of 206 patients had mild
to moderate localized fungal infections (9.7 per 100 patient-years), including 24 of 206 patients who had Candida infec-
tions (4.6 per 100 patient years) and 19 of 206 patients who had oral candidiasis (3.5 per 100 patient years). Four
patients had serious infections (0.7 per 100 patient-years); there were no reported cases of active tuberculosis, adjudi-
cated major adverse cardiac events, or deaths. Efficacy demonstrated at week 48 was sustained in the OLE study. At
week 152, nonresponder imputation analysis showed that 52.9% of patients (69.4% of observed cases) achieved the
American College of Rheumatology criteria for 50% improvement, 57.7% (73.8% of observed cases) achieved 100%
skin clearance per the Psoriasis Area and Severity Index, and 51.5% (67.5% of observed cases) achieved minimal dis-
ease activity. Patients also maintained improvements in pain, physical function, and health-related quality of life.

Conclusion. The safety profile of bimekizumab was consistent with previous reports, with no new safety signals
identified. Sustained joint and efficacy responses were observed over 3 years.

INTRODUCTION

Psoriatic arthritis (PsA) is a chronic, immune-mediated

inflammatory disease with varied musculoskeletal and dermato-

logical manifestations, including joint inflammation, enthesitis,

dactylitis, and skin disease (1). Due to the substantial and endur-

ing impact of psoriatic disease on patients (2,3), it is critical to

evaluate the long-term safety and efficacy of treatments. In recent

years, the interleukin (IL)-17 cytokine superfamily has emerged as

a target of new monoclonal antibody therapies for a range of
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inflammatory diseases. Currently approved therapies for PsA that

target IL-17 cytokines include secukinumab and ixekizumab,

both of which inhibit IL-17A, one of the 6 isoforms of IL-17 (4).

The safety of IL-17A inhibitor treatment has been reported up to

5 years in patients with PsA (5).
Bimekizumab is a humanized monoclonal IgG1 antibody that

selectively inhibits IL-17F in addition to IL-17A. Previous studies
have shown that the dual neutralization of IL-17A and IL-17F
results in rapid clinical improvements in patients with PsA (phase
IIb) and ankylosing spondylitis (AS) (phase IIb), sustained up to
48 weeks, and plaque psoriasis (phase III), sustained up to
56 weeks (6–8). Given that PsA is a chronic disease with the
potential for lasting complications, including irreversible joint dam-
age, an increased risk of comorbidities, impaired quality of life,
and substantial psychosocial burden (9,10), it is important to
establish the long-term safety and efficacy of treatments in this
patient population. While studies have examined the safety and
efficacy of IL-17A inhibitors in PsA patients receiving treatment
for up to 5 years (5), the BE ACTIVE trial and its open-label exten-
sion (OLE) study provide the first long-term safety and efficacy
data specific to the mechanism of dual neutralization of IL-17A
and IL-17F in PsA patients.

In the BE ACTIVE trial, treatment with 160 mg or 320 mg of
bimekizumab every 4 weeks for up to 48 weeks was shown to
be well tolerated, with demonstrated efficacy in joint and skin out-
comes (6). Here, we describe the long-term safety, tolerability,
and efficacy of up to 3 years of treatment with bimekizumab in
adult patients with PsA.

PATIENTS AND METHODS

Study design and participants. The BE ACTIVE trial
(ClinicalTrials.gov identifier: NCT02969525) was a 48-week ran-
domized phase IIb dose-ranging study, double-blind and
placebo-controlled from the beginning of the study to week
12, then dose-blind to week 48. It was conducted at 41 sites
across 5 countries in Europe and the US (6). Patients who com-
pleted 48 weeks of treatment in the double- and dose-blind
periods and gave separate informed consent were eligible to enter
the OLE study (ClinicalTrials.gov identifier: NCT03347110) for a fur-
ther 104 weeks of treatment, up to a total of 152 weeks. A safety
follow-up visit took place at week 168, 20 weeks after the last dose
of bimekizumab (see Supplementary Figure 1, available on the
Arthritis & Rheumatology website at http://onlinelibrary.wiley.com/
doi/10.1002/art.42280). For patients who did not complete treat-
ment to week 152, the safety follow-up visit occurred 20 weeks

after their last dose of bimekizumab. Key inclusion and exclusion
criteria have been reported previously (6).

Randomization and blinding. At baseline of the double-
blind period, 206 patients were randomized 1:1:1:1:1 to receive
subcutaneous bimekizumab at a dose of 16 mg every 4 weeks,
160 mg every 4 weeks with a 320 mg loading dose, 160 mg every
4 weeks, 320 mg every 4 weeks, or placebo. At week 12, patients
initially randomized to receive 16 mg of bimekizumab every 4
weeks or placebo were re-randomized 1:1 to receive bimekizu-
mab at 160 mg or 320 mg every 4 weeks through week 48, while
patients initially randomized to receive bimekizumab at 160 mg or
320 mg every 4 weeks continued their dosing to week 48 (6). At
week 48, patients completing the dose-blind period on bimekizu-
mab were eligible to enroll in the OLE study. All patients in the OLE
study received 160 mg of bimekizumab every 4 weeks, regard-
less of prior dosing regimen (Supplementary Figure 1). All study
timepoints are hereafter reported relative to baseline (week 0) of
the initial randomized controlled study.

Study procedures and outcomes. During the OLE
study, safety was assessed at study entry (week 48), then every
4 weeks through week 60, followed by every 12 weeks through
week 144, then every 4 weeks through week 152 and subse-
quently at the safety follow-up (week 168). Efficacy was assessed
at OLE study entry, then every 12 weeks through week 144, and
then every 4 weeks through week 152.

The prespecified primary objective of the OLE study was the
long-term safety of bimekizumab treatment over 152 weeks,
measured by the incidence of treatment-emergent adverse
events (TEAEs) and serious TEAEs. All TEAEs were classified
using the Medical Dictionary for Regulatory Activities (MedDRA)
version 19.0. Prespecified safety topics of interest included seri-
ous, fungal, and opportunistic infections, including tuberculosis
(TB). Prespecified safety topics of interest also included liver
enzyme elevation, major adverse cardiac events (MACE), malig-
nancies, inflammatory bowel disease (IBD), neutropenia, hyper-
sensitivity, suicidal ideation and behavior (SIB), and depression.
MACE, IBD, and SIB events were adjudicated by independent
committees. TEAEs leading to withdrawal from the study were a
secondary safety endpoint.

Efficacy endpoints were prespecified via protocol as second-
ary and included the following: the proportion of patients achieving
≥20%, ≥50%, or ≥70% improvement in disease activity based on
the American College of Rheumatology criteria (ACR20, ACR50,
ACR70) at week 96 (11); the proportion of patients (among those

anonymized IPD and redacted study documents which may include raw data-
sets, analysis-ready datasets, study protocol, blank case report form, annotated
case report form, statistical analysis plan, dataset specifications, and clinical
study report. Prior to use of the data, proposals need to be approved by an inde-
pendent review panel at www.Vivli.org and a signed data sharing agreementwill
need to be executed. All documents are available in English only, for a prespeci-
fied time, typically 12 months, on a password protected portal.
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with ≥3% body surface area [BSA] affected by psoriasis at base-
line of the double-blind period) achieving ≥75% or ≥90% improve-
ment in the Psoriasis Area and Severity Index (PASI75, PASI90) at
week 96 (12); and the change from baseline of the double-blind
period in the Leeds Dactylitis Index (LDI, among those with LDI
scores >0 at baseline) (13) and the Maastricht Ankylosing Spon-
dylitis Enthesitis Score (MASES, among those with a MASES
>0 at baseline) (14) at week 96. Due to a data collection error
and lack of patient data for skin outcomes at the week 96 visit,
data are not reported at this timepoint for PASI75/PASI90, nor
for 100% improvement in the PASI.

Other efficacy endpoints included the following: the proportion
of patients over time achieving ACR20, ACR50, ACR70, PASI75,
PASI90, PASI100, and minimal disease activity (MDA) (15); change
from baseline in LDI, MASES, Disease Activity Score in 28 joints
using the C-reactive protein level (DAS28-CRP) (16), Psoriatic
Arthritis Impact of Disease in 9 domains (PsAID-9) (17) total score,
and Short Form 36-item health survey (SF-36) physical component
summary (PCS) and mental component summary (MCS) scores
(18); and the proportion of patients achieving depression and anx-
iety status “normal” (score < 8) as defined by the Hospital Anxiety
and Depression Scale (HADS) anxiety and HADS depression sub-
scales (19). The classification criteria for MDA and very low disease
activity (VLDA) have been reported previously (15,20).

Post hoc analyses included assessment of the proportion of
patients achieving a response based on the ACR50 + PASI100
composite outcome, the proportion of patients over time achiev-
ing VLDA, and the proportion of patients over time achieving
remission as defined by the Disease Activity Index for Psoriatic
Arthritis (DAPSA) score (21). While not prespecified endpoints,
change from baseline in Health Assessment Questionnaire disabil-
ity index (HAQ DI) (22) and Patient’s Assessment of Arthritis Pain
(PtAAP) total scores are also reported to show the effects of treat-
ment on patient health-related quality of life (HRQoL) and pain.

Statistical analysis. In the OLE study, the safety set con-
sisted of all randomized study participants who received ≥1 dose
of bimekizumab in weeks 48–152. The full analysis set consisted
of all randomized study participants who received ≥1 dose of
bimekizumab in weeks 48–152 and had a valid measurement of
≥1 efficacy variable after OLE study entry. The full analysis and
safety sets for the double- and dose-blind periods have been
described previously (6). Of the 206 patients included in the safety
set, only 204 received bimekizumab due to the withdrawal of
2 patients originally allocated to the placebo group; both patients
completed the double-blind period and discontinued before
receiving bimekizumab.

Primary and secondary safety analyses are presented for the
safety sets. The summary of TEAEs from weeks 48–152 included
all patients who received bimekizumab during the OLE study.
Exposure-adjusted incidence rates (EAIRs) per 100 patient-years
are reported for the BE ACTIVE (6) and OLE safety sets.

Secondary and other efficacy variables were summarized for
all subjects in the BE ACTIVE full analysis set. Responder
variables were derived relative to baseline of the double-blind
period and were summarized descriptively. Missing binary effi-
cacy variables were imputed in the most conservative manner,
using nonresponder imputation (NRI), with patients who did not
enter the OLE study considered nonresponders from week
48 onwards. Missing continuous efficacy variables were imputed
using multiple imputation based on the assumption that data
were missing at random. Nonmonotone missing data were
imputed with the Markov chain Monte Carlo (MCMC) method;
monotone missing data were imputed with a monotone regres-
sion model. All computations and generation of outputs were
done in SAS version 9.3 or later.

Ethics approval. The BE ACTIVE trial and its OLE study
were conducted in accordance with the Declaration of Helsinki
and the International Conference for Harmonisation Guidelines
for Good Clinical Practice. Ethical approval was obtained from
the relevant institutional review boards at all participating sites.
All patients provided written informed consent in accordance with
local requirements, with additional written informed consent
required for enrollment in the OLE study. All the results presented
in this article are in aggregate form, and no personally identifiable
information was used for this study.

RESULTS

Patient disposition and baseline characteristics.
At the end of the dose-blind period (week 48), 184 of 206 patients
(89.3%) enrolled in the OLE study and 183 received ≥1 dose of
bimekizumab (Supplementary Figure 1, http://onlinelibrary.wiley.
com/doi/10.1002/art.42280). Patient retention during the OLE
study comprised 161 of 184 patients (87.5%) who completed
treatment to week 152. Thus, 78.2% of all patients who started at
week 0 completed the full 152 weeks of treatment. Kaplan-Meier
curves of patient retention rates are provided in Supplementary
Figure 2 (http://onlinelibrary.wiley.com/doi/10.1002/art.42280).

There were 12 discontinuations during the double- and
dose-blind periods: 5 due to adverse events, 5 due to withdrawn
consent, and 2 due to other reasons. An additional 4 patients dis-
continued due to adverse events after completing the double-blind
period but prior to re-randomization in the dose-blind period.
A total of 184 patients entered the OLE study; however, 1 patient
discontinued from the study prior to any dosing in the OLE study.
There were 22 discontinuations during the OLE study: 9 due to
adverse events, 2 due to loss of efficacy, 9 due to withdrawn
consent (not due to adverse events), 1 due to loss to follow-up,
and 1 due to other reasons (Supplementary Figure 3,
http://onlinelibrary.wiley.com/doi/10.1002/art.42280). Patient
demographics and characteristics at baseline of the double-
blind period are reported in Table 1.

3-YEAR SAFETY AND EFFICACY OF BIMEKIZUMAB IN PATIENTS WITH PsA 1961
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Among all patients randomized at week 0 (N = 206), the
mean ± SD time since first diagnosis of PsA was 7.1 ± 8.2 years.
The mean ± SD tender joint count (TJC) and swollen joint count
(SJC) were 21.7 ± 15.0 and 11.5 ± 8.3, respectively, and the
median serum high-sensitivity C-reactive protein level was
5.9 mg/liter (range 0.1–99.9 mg/liter). At the double-blind period
baseline, patients had a mean SF-36 PCS score of 36.6 (compro-
mised physical function, increased bodily pain, and decreased
general health) and a mean SF-36 MCS score of 55.8 (unimpaired
mental function) (18). At the end of the dose-blind period, the
mean TJC and mean SJC among the randomized patients had
decreased to 5.3 and 1.9, respectively, and the mean SF-36
PCS score had increased to 45.7. At baseline, approximately
two-thirds of patients (66.5%) had ≥3% BSA with psoriasis
involvement, approximately one-quarter (28.6%) had dactylitis,
and slightly more than one-half (51.9%) had enthesitis. Resolution
of dactylitis and enthesitis at the end of the dose-blind period are
reported as part of the efficacy results (see below).

Safety. Exposure to bimekizumab over 152 weeks among
all patients randomized at baseline was 570.1 patient-years,
including 392.7 patient-years of exposure during the OLE study.
From the double-blind period baseline through 152 weeks of
therapy, 184 of 206 patients (89.3%) experienced ≥1 TEAE
(EAIR 126.4 per 100 patient-years), and 22 of 206 patients
(10.7%) experienced ≥1 serious TEAE (EAIR 4.1 per 100 patient-
years) (Table 2). Seventeen patients (8.3%) permanently discontin-
ued bimekizumab due to adverse events during the double- or
dose-blind periods or during theOLE study.Cellulitis and oral fungal
infection resulted in discontinuation of 2 patients each, and all other
TEAEs leading to discontinuation were reported for a single patient.
There were no deaths reported throughout the double- and dose-
blind periods or throughout the OLE study (weeks 0–152).

The most frequently reported TEAEs (incidence ≥5%) by
MedDRA preferred term in the double- and dose-blind periods
and the OLE study included nasopharyngitis (18.0%), upper
respiratory tract infection (16.5%), bronchitis (9.2%), oral

Table 1. Demographics and baseline characteristics of psoriatic arthritis patients*

Group A Group B Total BKZ
(n = 124)† (n = 82)‡ (N = 206)

Age, mean ± SD years 50.5 ± 12.6 47.4 ± 12.0 49.3 ± 12.4
Male 55 (44.4) 50 (61.0) 105 (51.0)
Weight, mean ± SD kg 83.8 ± 18.4 88.5 ± 18.5 85.7 ± 18.5
BMI, mean ± SD kg/m2 29.3 ± 5.9 30.1 ± 6.2 29.6 ± 6.0
Time since first diagnosis of PsA, mean ± SD years 7.9 ± 9.1 6.0 ± 6.3 7.1 ± 8.2
TJC, mean ± SD 20.6 ± 14.3 23.3 ± 15.9 21.7 ± 15.0
SJC, mean ± SD 10.9 ± 7.5 12.5 ± 9.5 11.5 ± 8.4
hsCRP, median (range) mg/liter 5.7 (0.1–99.9) 5.9 (0.3–85.2) 5.9 (0.1–99.9)
HAQ DI score, mean ± SD 1.0 ± 0.6 1.0 ± 0.6 1.0 ± 0.6
PsAID-9 total score, mean ± SD 4.5 ± 1.9 4.9 ± 2.0 4.6 ± 1.9
PtAAP score, mean ± SD 50.8 ± 22.7 54.3 ± 23.4 52.2 ± 23.0
SF-36 score, mean ± SD
PCS 37.0 ± 9.1 36.0 ± 9.0 36.6 ± 9.1
MCS 56.0 ± 8.6 55.4 ± 9.1 55.8 ± 8.7

Psoriasis
BSA <3% 45 (36.3) 22 (26.8) 67 (32.5)
BSA ≥3–<10% 45 (36.3) 33 (40.2) 78 (37.9)
BSA ≥10% 34 (27.4) 25 (30.5) 59 (28.6)

Dactylitis 34 (27.4) 25 (30.5) 59 (28.6)
Enthesitis 65 (52.4) 42 (51.2) 107 (51.9)
Prior TNFi therapy 23 (18.5) 16 (19.5) 39 (18.9)
Concomitant therapies
NSAIDs 81 (65.3) 52 (63.4) 133 (64.6)
Methotrexate 75 (60.5) 56 (68.3) 131 (63.6)
Steroids 23 (18.5) 23 (28.0) 46 (22.3)

* Except where indicated otherwise, values are the number (%) of patients. Patients were randomized to receive
bimekizumab (BKZ) or placebo at any dose at the beginning of the double-blind period (weeks 0–12) of the phase
IIb randomized controlled trial BE ACTIVE. In the dose-blind period, patients initially randomized to receive 16 mg
of BKZ or placebo every 4 weeks were rerandomized to receive BKZ at 160 mg or 320 mg every 4 weeks, and
patients initially randomized to receive BKZ at 160 mg or 320 mg every 4 weeks continued their dosing (weeks
12–48). BMI = body mass index; PsA = psoriatic arthritis; TJC = tender joint count; SJC = swollen joint count;
hsCRP = high sensitivity C-reactive protein; HAQ DI = Health Assessment Questionnaire Disability Index; PsAID-
9 = Psoriatic Arthritis Impact of Disease in 9 domains; PtAAP = Patient’s Assessment of Arthritis Pain; SF-36 = Short
Form 36-item health survey; PCS = physical component summary; MCS = mental component summary;
BSA = body surface area; TNFi = tumor necrosis factor inhibitor; NSAID = nonsteroidal antiinflammatory drug.
† Patients received 160 mg of BKZ every 4 weeks continuously from week 12 to week 152 (includes those originally
assigned to BKZ 160 mg every 4 weeks with a loading dose).
‡ Patients were dose-reduced from 320 mg of BKZ every 4 weeks to 160 mg every 4 weeks at OLE study entry
(week 48).
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Table 2. Safety of bimekizumab treatment in psoriatic arthritis patients across the BE ACTIVE randomized controlled trial and the OLE study
(safety set)*

Weeks 0–48† Weeks 48–152 Weeks 0–152‡

160 mg BKZ every
4 weeks

320 mg BKZ every
4 weeks Total BKZ Total BKZ

(n = 126; 113.2
patient-years)

(n = 80; 72.9
patient-years)

(N = 183; 392.7
patient-years)

(N = 206; 570.1
patient-years)

Any TEAE 94 (74.6) (177.6) 57 (71.3) (165.9) 148 (80.9) (94.3) 184 (89.3) (126.4)
Serious TEAEs 8 (6.3) (7.9) 0 14 (7.7) (3.8) 22 (10.7) (4.1)
Severe TEAEs 5 (4.0) (4.6) 2 (2.5) (2.9) 8 (4.4) (2.1) 14 (6.8) (2.5)
Withdrawal due to TEAEs 6 (4.8) (5.9) 2 (2.5) (3.1) 9 (4.9) (2.3) 17 (8.3) (3.0)
Drug-related TEAEs 43 (34.1) (52.7) 29 (36.3) (57.0) 60 (32.8) (20.0) 97 (47.1) (26.4)
Deaths 0 0 0 0
Most frequently reported TEAEs (≥5%)

by MedDRA preferred term
Nasopharyngitis 12 (9.5) (12.0) 11 (13.8) (18.4) 19 (10.4) (5.2) 37 (18.0) (7.6)
Upper respiratory tract infection 12 (9.5) (12.0) 8 (10.0) (13.2) 20 (10.9) (5.5) 34 (16.5) (6.8)
Bronchitis 7 (5.6) (6.9) 3 (3.8) (4.8) 11 (6.0) (2.9) 19 (9.2) (3.5)
Oral candidiasis 6 (4.8) (6.0) 4 (5.0) (6.4) 13 (7.1) (3.5) 19 (9.2) (3.5)
Pharyngitis 4 (3.2) (3.9) 7 (8.8) (11.6) 10 (5.5) (2.7) 17 (8.3) (3.2)
Sinusitis 6 (4.8) (5.9) 4 (5.0) (6.5) 10 (5.5) (2.6) 17 (8.3) (3.2)
Psoriasis 2 (1.6) (1.9) 2 (2.5) (3.1) 14 (7.7) (3.7) 16 (7.8) (2.9)
Psoriatic arthropathy 2 (1.6) (1.9) 1 (1.3) (1.6) 12 (6.6) (3.1) 16 (7.8) (2.9)
Respiratory tract infection 8 (6.3) (8.0) 2 (2.5) (3.2) 4 (2.2) (1.0) 15 (7.3) (2.8)
Oral fungal infection 3 (2.4) (2.9) 3 (3.8) (4.7) 9 (4.9) (2.4) 14 (6.8) (2.6)
Tonsillitis 6 (4.8) (5.9) 2 (2.5) (3.2) 6 (3.3) (1.6) 14 (6.8) (2.6)
ALT increased 6 (4.8) (6.0) 3 (3.8) (4.7) 6 (3.3) (1.6) 13 (6.3) (2.4)

Safety topics of interest
Serious infections 3 (2.4) (2.9) 0 1 (0.5) (0.3) 4 (1.9) (0.7)
Fungal infections 17 (13.5) (17.8) 10 (12.5) (16.7) 32 (17.5) (9.2) 47 (22.8) (9.7)
Candida infections 9 (7.1) (9.1) 5 (6.3) (8.1) 16 (8.7) (4.3) 24 (11.7) (4.6)
Oral candidiasis 6 (4.8) (6.0) 4 (5.0) (6.4) 13 (7.1) (3.5) 19 (9.2) (3.5)
Skin candidiasis 1 (0.8) (1.0) 0 1 (0.5) (0.3) 2 (1.0) (0.4)
Vulvovaginal candidiasis 0 0 1 (0.5) (0.3) 1 (0.5) (0.2)
Genital candidiasis 1 (0.8) (1.0) 0 1 (0.5) (0.3) 1 (0.5) (0.2)
Oropharyngeal candidiasis 1 (0.8) (1.0) 0 0 1 (0.5) (0.2)

Fungal infections NEC 9 (7.1) (9.0) 4 (5.0) (6.3) 17 (9.3) (4.6) 25 (12.1) (4.7)
Oral fungal infection 3 (2.4) (2.9) 3 (3.8) (4.7) 9 (4.9) (2.4) 14 (6.8) (2.6)
Tongue fungal infection 3 (2.4) (2.9) 0 4 (2.2) (1.0) 5 (2.4) (0.9)
Fungal skin infection 0 1 (1.3) (1.6) 3 (1.6) (0.8) 4 (1.9) (0.7)
Fungal esophagitis 1 (0.8) (1.0) 1 (1.3) (1.6) 1 (0.5) (0.3) 3 (1.5) (0.5)
Vulvovaginal mycotic infection 2 (1.6) (1.9) 0 0 2 (1.0) (0.4)
Onochomycosis 0 0 2 (1.1) (0.5) 2 (1.0) (0.4)
Fungal pharyngitis 0 0 1 (0.5) (0.3) 1 (0.5) (0.2)

Tinea infections 0 1 (1.3) (1.6) 1 (0.5) (0.3) 2 (1.0) (0.4)
Tinea pedis 0 1 (1.3) (1.6) 0 1 (0.5) (0.2)
Tineas cruris 0 0 1 (0.5) (0.3) 1 (0.5) (0.2)

Serious hypersensitivity reactions 0 0 0 0
Opportunistic infections 1 (0.8) (1.0) 1 (1.3) (1.6) 1 (0.5) (0.3) 3 (1.5) (0.5)
Active tuberculosis 0 0 0 0

Liver enzyme elevation
ALT increased 6 (4.8) (6.0) 3 (3.8) (4.7) 6 (3.3) (1.6) 13 (6.3) (2.4)
AST increased 4 (3.2) (4.0) 2 (2.5) (3.1) 6 (3.3) (1.6) 10 (4.9) (1.8)
Hepatic enzymes increased 2 (1.6) (1.9) 1 (1.3) (1.6) 1 (0.5) (0.3) 4 (1.9) (0.7)

MACE 0 0 0 0
Malignancies 1 (0.8) (1.0) 0 0 1 (0.5) (0.2)
IBD 0 0 1 (0.5) (0.3) 1 (0.5) (0.2)
Microscopic colitis 0 0 1 (0.5) (0.3) 1 (0.5) (0.2)

Anterior uveitis 0 0 0 0
Neutropenia 0 1 (1.3) (1.6) 5 (2.7) (1.3) 6 (2.9) (1.1)
Drug hypersensitivity 2 (1.6) (1.9) 0 1 (0.5) (0.3) 3 (1.5) (0.5)

(Table 2 continues on next page)
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candidiasis (9.2%), pharyngitis (8.3%), sinusitis (8.3%), psoriasis
(7.8%), psoriatic arthropathy (7.8%), respiratory tract infection
(7.3%), oral fungal infection (6.8%), tonsillitis (6.8%), and alanine
aminotransferase (ALT) increased (6.3%) (Table 2).

Safety topics of interest. Four patients (1.9%) experi-
enced TEAEs of serious infections (1 case each of cellulitis,
chronic otitis media, hepatitis E, and chronic sinusitis) during the
double- and dose-blind periods and the OLE study. There was
1 case of microscopic colitis reported during the OLE study in a
patient without prior history of IBD, which was adjudicated as
IBD by an independent committee; the event was classified as
moderate in intensity and was unrelated to treatment with bime-
kizumab. Throughout the double- and dose-blind periods and
the OLE study, no reported events were adjudicated as MACE,
and there were no reported cases of anterior uveitis. No further
cases of malignancies or injection site reactions were reported
during the OLE study; 1 case of malignant melanoma in situ
and 3 cases of injection site reactions had been reported
previously (6).

During the OLE study, 12 patients (6.6%) had reports of
elevated liver enzymes, including increases in ALT, aspartate
aminotransferase (AST), gamma glutamyltransferase (GGT),
and blood bilirubin. Four patients (2.2%) reported elevations of
ALT or AST >3 times the upper limit of normal during the OLE
study. None of these patients had a history of fatty liver or other
hepatic dysfunction, and 2 of the 4 patients had concomitant
methotrexate use. Three patients had confirmed normalization
of laboratory values by the study conclusion. One patient did
not complete final study assessments due to fear of COVID-19
infection, and therefore, no laboratory values were available for
this patient. No patients discontinued bimekizumab due to

elevated liver enzymes in the OLE study; 2 discontinuations
occurred during weeks 0–48. No Hy’s Law cases
were reported.

A total of 47 of 206 patients (EAIR 9.7 per 100 patient-years)
had fungal infections over 152 weeks (Table 2). All fungal infections
were assessed as mild to moderate in intensity by the study inves-
tigator and none were serious. Of these, 24 patients with ≥1 infec-
tion had Candida infections (EAIR 4.6 per 100 patient-years), with
the majority of these (19 of 24; EAIR 3.5 per 100 patient-years)
being oral candidiasis. Twenty-five patients had fungal infections
not elsewhere classified (EAIR 4.7 per 100 patient-years), and the
majority (14 of 25; EAIR 2.6 per 100 patient-years) were oral infec-
tions. Infections at other sites were low in frequency, including vul-
vovaginal infections (1 Candida infection [0.5%] and 2 fungal
infections [1.0%]) and skin infections (2 Candida infections [1.0%]
and 4 fungal infections [1.9%]) (Table 2). Two patients discontinued
due to oral fungal infections. Baseline steroid use, sex, and pres-
ence of diabetes mellitus were not clear risk factors for susceptibil-
ity to Candida infections. All fungal infections, including Candida
infections, were localized, not systemic, and the majority resolved
and were easily treatable with systemic or topical antifungal treat-
ments such as fluconazole, nystatin, itraconazole, and miconazole
(Supplementary Table 2, http://onlinelibrary.wiley.com/doi/10.
1002/art.42280). A total of 23 of 206 patients (11.2%) had >1 epi-
sode of a fungal infection over 152 weeks, of which 12 of
206 (5.8%) had >1 episode of a Candida infection. All Candida
infections resolved without sequelae. No opportunistic infections
were reported, except localized fungal events consisting of one
case each of fungal pharyngitis and fungal esophagitis. There were
no reported cases of active TB.

No cases of SIB were reported during the OLE study; 1 case
was previously reported during the dose-blind period (6). Among

Table 2. (Cont’d)

Weeks 0–48† Weeks 48–152 Weeks 0–152‡

160 mg BKZ every
4 weeks

320 mg BKZ every
4 weeks Total BKZ Total BKZ

(n = 126; 113.2
patient-years)

(n = 80; 72.9
patient-years)

(N = 183; 392.7
patient-years)

(N = 206; 570.1
patient-years)

Injection site reactions 0 3 (3.8) (4.9) 0 3 (1.5) (0.5)
SIB 1 (0.8) (1.0) 0 0 1 (0.5) (0.2)
Depression 1 (0.8) (1.0) 1 (1.3) (1.6) 2 (1.1) (0.5) 4 (1.9) (0.7)

* Values are the number (%) of patients (exposure-adjusted incidence rate per 100 patient-years). The safety set consisted of all randomized
study participants who received ≥1 dose of BKZ in weeks 48–152 of the OLE study. After week 48, all patients received 160 mg of BKZ every
4 weeks, regardless of prior dosing regimen. All oral candidiasis treatment-emergent adverse events (TEAEs) were mild to moderate (no seri-
ous cases), and all fungal infections were mild to moderate and localized, not systemic. Two patients reported 3 opportunistic events (2 fungal
esophagitis, 1 oropharyngeal candidiasis) in weeks 0–48, 1 patient reported 2 events (fungal pharyngitis, fungal esophagitis) in weeks 48–152.
No Hy’s law cases reported. Suicidal ideation and behavior (SIB) events were adjudicated by an independent committee. One malignant mela-
noma in situ case was reported. No drug hypersensitivity reactions were anaphylactic. OLE = open-label extension; MedDRA = Medical Dictio-
nary for Regulatory Activities; ALT = alanine aminotransferase; AST = aspartate aminotransferase; MACE = major adverse cardiac events;
IBD = inflammatory bowel disease. See Table 1 for other definitions.
† Patients re-randomized 1:1 at week 12 from placebo or 16 mg of BKZ every 4 weeks to 160 mg BKZ every 4 weeks or 320 mg BKZ every
4 weeks; 2 patients completing the double-blind period on placebo were re-randomized but did not receive BKZ. Two patients were included
in both groups due to a dosing error, allocation done per actual treatment.
‡ Includes safety follow-up to possible 168 weeks total for some patients.

COATES ET AL1964
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patients in the OLE study with available data (N = 181), 92.3% had
HADS anxiety and HADS depression scores of <8 (“normal”) at
baseline of the double-blind period, which was sustained through
week 48 to 92.1% at week 152. Prespecified safety topics of
interest and other events across weeks 0–152 by randomized
dose at baseline are provided in Supplementary Table 1 (http://
onlinelibrary.wiley.com/doi/10.1002/art.42280).

Efficacy. Efficacy at weeks 12 and 48 of the BE ACTIVE trial
has been reported previously (6). There was no worsening of
disease in patients whose dose of bimekizumab was decreased
from 320 mg to 160 mg in the OLE.

NRI analysis of joint efficacy outcomes showed that ACR20,
ACR50, and ACR70 response rates were sustained, with
64.1%, 52.9%, and 39.3% of patients, respectively, meeting
criteria at week 152, compared to 72.3%, 57.3%, and 39.8% of
patients, respectively, meeting criteria at week 48 (Figures 1A–C).
For skin efficacy outcomes, NRI analysis showed that PASI75,
PASI90, and PASI100 responder rates were sustained, with
69.3%, 64.2%, and 57.7% of patients, respectively, meeting
criteria at week 152, compared to 81.0%, 73.7%, and 64.2% of
patients meeting criteria at week 48 (Figure 1D).

In the NRI analysis, 51.0% and 26.2% of bimekizumab-
treated patients reached MDA and VLDA responses, respectively,

(Figure 1 continues on next page.)

3-YEAR SAFETY AND EFFICACY OF BIMEKIZUMAB IN PATIENTS WITH PsA 1965

 23265205, 2022, 12, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/art.42280 by U

niversity O
f G

lasgow
, W

iley O
nline L

ibrary on [20/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/art.42280
https://doi.org/10.1002/art.42280


Figure 1. Key efficacy outcomes in psoriatic arthritis patients from baseline (week 0) of the double-blind period of the BE ACTIVE
randomized controlled trial to week 152 (full analysis set). Nonresponder imputation (NRI; solid lines) and observed case (OC; dashed
lines) data are shown for the percentages of patients achieving ≥20%, ≥50%, and ≥70% improvement in disease activity based on the
American College of Rheumatology criteria for all timepoints from weeks 0–152 (A–C), as well as for the percentages of patients
achieving 75%, 90%, and 100% improvement in disease activity based on the Psoriasis Area and Severity Index (PASI) (D). Patients ran-
domized to receive placebo (gray lines), 16 mg of bimekizumab (BKZ; red lines) every 4 weeks, or 320 mg of BKZ (green lines) every
4 weeks through the double-blind period are shown, and patients assigned to 160 mg of BKZ every 4 weeks with a 320 mg
loading dose or 160 mg of BKZ every 4 weeks at double-blind period entry are combined for weeks 0–12 (blue lines). Percentages
in the dose-blind period include those assigned to 160 mg of BKZ every 4 weeks, 160 mg of BKZ every 4 weeks with a 320 mg
loading dose, or 320 mg of BKZ every 4 weeks at double-blind period entry, as well as those assigned to placebo or 16 mg of
BKZ every 4 weeks who were re-randomized to 160 mg or 320 mg of BKZ every 4 weeks. All open-label extension (OLE) study patients
received 160 mg of BKZ every 4 weeks regardless of prior dosing regimen; 157 patients had an efficacy assessment at week 152.
At baseline of the double-blind period, 137 patients had ≥3% body surface area affected by psoriasis; due to a data collection error
and lack of data from the study visit, week 96 data are not reported for PASI. Circles represent timepoints at which patients were
assessed.

(Figure 1 Cont’d)
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Figure 2. Additional efficacy outcomes in psoriatic arthritis patients from baseline (week 0) of the double-blind period of the BE ACTIVE randomized
controlled trial to week 152 (full analysis set). NRI and OC data are shown for the percentages of patients achieving minimal disease activity (MDA) or
very low disease activity (VLDA) (A), percentages of patients achieving resolution of dactylitis based on Leeds Dactylitis Index (LDI) score (includes
patients with LDI score >0 at baseline [n = 59]) (B), and percentages of patients achieving resolution of enthesitis based on the Maastricht Ankylosing
Spondylitis Enthesitis Index (MASES) (includes patients with MASES score >0 at baseline [n = 107]) (C). Patients were classified as having MDA or
VLDA when they met 5 of 7 or 7 of 7, respectively, of the following criteria: tender joint count score ≤1, swollen joint count score ≤1, PASI ≤1
or ≤3% body surface area affected by psoriasis, visual analog scale (VAS) score ≤15 for pain, VAS score ≤20 for patient global activity, Health
Assessment Questionnaire disability index score ≤0.5, and tender entheseal points score ≤1. See Figure 1 for other definitions. Color figure can be
viewed in the online issue, which is available at http://onlinelibrary.wiley.com/doi/10.1002/art.42280/abstract.
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at week 48, with the proportions increasing to 51.5% and 30.1%
at week 152 (Figure 2A). Among patients with dactylitis at base-
line (LDI score > 0), 45 of 59 patients (76.3%) had resolution at
week 48 in the NRI analysis, and 42 of 59 patients (71.2%) were
dactylitis-free at week 152 (Figure 2B). Due to lack of convergence
in the analytical model, only observed case data were generated for
change from baseline in LDI over 152 weeks. The analysis showed
that the mean ± SD change from baseline (SD) in LDI score follow-
ing treatment with bimekizumab was –8.0 ± 69.5 at week 48, with
even greater improvement in LDI score at week 152 (mean ± SD
–16.2 ± 45.5) (Supplementary Table 3). Among patients with
enthesitis at baseline (MASES >0), 61 of 107 patients (57.0%)
had achieved resolution at week 48 in the NRI analysis, and
67 of 107 patients (62.6%) were enthesitis-free at week 152
(Figure 2C). Multiple imputation analysis showed that the mean
± SEM change from baseline in MASES following treatment with
bimekizumab was –2.6 ± 0.3 at week 48, with even greater
improvement in MASES at week 152 (mean ± SEM –3.3 ± 0.3)
(Supplementary Table 3, http://onlinelibrary.wiley.com/doi/10.
1002/art.42280).

In addition, 35.0% of patients achieved remission based on
the DAPSA score at week 48, increasing to 38.8% at week 152.
In NRI analysis, 46.0% of bimekizumab-treated patients
who had ≥3% BSA with psoriasis involvement at baseline of the
double-blind period achieved a response based on the
ACR50 + PASI100 composite outcome at week 48 and week
152 (Supplementary Table 3, http://onlinelibrary.wiley.com/doi/
10.1002/art.42280). Patients also maintained improvements in
pain, physical function, and HRQoL from week 48 to week
152, as measured by PtAAP, SF-36 PCS, PsAID-9, and HAQ DI
scores (Supplementary Table 3).

DISCUSSION

Patients with PsA require effective long-term treatment of
both joint and skin symptoms. The proportion of patients with
PsA who achieve an ACR50 response during treatment with cur-
rently licensed IL-17A inhibitors is ~30–50% at 16–24 weeks,
while the proportion achieving PASI90 with IL-17A inhibitors is
~30–70% at 16–24 weeks, demonstrating the need for more
effective treatments (23,24). Furthermore, sustaining this efficacy
over the long-term is important, as patients may lose clinical ben-
efits of treatment over time (2). In patients with PsA, 3-year exten-
sion data from studies of IL-17A inhibitors showed similar or
slightly lower ACR50 and PASI90 response rates at 156 weeks
compared to ACR50 and PASI90 response rates at 24 weeks
(25,26). Similar trends have been observed out to 5 years with
IL-17A inhibitor therapy (27).

In the phase IIb BE ACTIVE trial and its OLE study, bimekizu-
mab was found to be well tolerated in PsA patients up to 3 years
of treatment, with no new safety signals identified compared to
the first 48 weeks of treatment (6). Findings from the BE ACTIVE

trial showed that both joint and skin outcomes improved from
baseline of the double-blind period through week 12 to week
24, after which responses were sustained through the dose-blind
period to week 48. Here, we show that efficacy outcomes were
sustained at 3 years.

Patient retention supported long-term tolerability of bimeki-
zumab, with treatment completed up to week 48 by 91.7% of
patients, and up to week 152 by 78.2% of patients (87.5% of
those who enrolled in the OLE study). This finding supports the
long-term tolerability and efficacy of treatment with bimekizumab
in adult patients with PsA.

The frequencies of TEAEs and serious TEAEs were not
increased with further exposure to bimekizumab and were
aligned with prior reporting for the double- and dose-blind periods
from this phase IIb study in PsA patients (6). The 3 most frequently
reported TEAEs over 3 years by MedDRA preferred term
(nasopharyngitis, upper respiratory tract infection, and bronchitis)
were consistent with previous 48-week data from the double- and
dose-blind periods, as well as a study of bimekizumab in AS
patients (6,7).

Given the role of the IL-23/IL-17 pathway in mucocutane-
ous protection against a variety of pathogens, in particular
extracellular fungal infections, the inhibition of IL-17A was pre-
dicted to increase susceptibility to oral candidiasis (28–30).
In addition, due to the involvement of both IL-17A and IL-17F
in CD4+ T helper 17 (Th17) cell–mediated mucocutaneous
immunity (31), dual inhibition of these cytokines is theoretically
expected to further increase the risk of fungal infection com-
pared with inhibition of IL-17A alone. In the OLE study, EAIRs
of Candida infection remained stable compared with the first
48 weeks of treatment. No clear risk factors for Candida infec-
tion were identified in the BE ACTIVE trial or its OLE study;
however, further analyses in phase III studies of bimekizumab
in PsA with larger patient populations are needed to confirm
whether any potential risk factors for Candida infection can
be distinguished. Just over one-tenth of patients with fungal
infections, including Candida infections, reported recurrence
of infection at any time during the double- and dose-blind
periods or the OLE study, whereas among patients who
reported Candida infections, one-half experienced a recur-
rence of infection. However, the majority of Candida cases
over the course of the study were easily managed and
resolved with topical or systemic antifungal treatment.

There were no MACE or cases of SIB during the OLE
study. There was 1 moderate case of microscopic colitis
adjudicated as IBD in a patient without prior history of IBD;
this event was unrelated to treatment with bimekizumab. No
cases of uveitis, additional injection site reactions, or nonfun-
gal opportunistic infections were reported in the OLE study.
However, results from phase III studies, including larger
patient groups, are needed to further establish the long-term
safety profile of bimekizumab in PsA patients.

COATES ET AL1968
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The improvements in key joint (articular) and skin efficacy
outcomes observed in patients receiving bimekizumab over
48 weeks were generally maintained through 3 years of treat-
ment. MDA has been previously identified as a desirable target
in treat-to-target strategies for PsA, defining a satisfactory
state of disease activity that encompasses all aspects of the
disease (15). At week 152, more than one-half of patients
achieved MDA, including with NRI. Furthermore, over one-half
of patients achieved ACR50 or PASI100 for those with ≥3%
BSA with psoriasis involvement at the double-blind period
baseline responses individually, and the proportion achieving
both ACR50 and PASI100 responses remained stable at just
under one-half of bimekizumab-treated patients between week
48 and week 152.

Notwithstanding the improvements seen in clinically
assessed PsA disease outcomes, patients receiving bimekizu-
mab also reported improvements in selected patient-reported
outcome measures that were maintained over 3 years of treat-
ment, including reduced pain, increased physical function, lower
disease impact, and improved quality of life.

The 3-year duration of this phase IIb study provides the most
comprehensive evidence to date of the long-term safety and effi-
cacy of bimekizumab in patients with PsA. A limitation of the pres-
ent analysis relates to the lack of an active comparator, or placebo
comparator beyond week 12. After week 12, all patients
received bimekizumab at 160 mg or 320 mg every 4 weeks. Effi-
cacy was similar at week 48 among patients receiving bimekizu-
mab at 160 mg or 320 mg, and no appreciable decrease in
efficacy was observed in patients who reduced their dose from
320 mg to 160 mg at the start of the OLE study. Additionally,
as a phase IIb study, the limited sample size of ~200 patients
restricts the interpretation of the results. There was also no eval-
uation of structural inhibition in the present study. Results from
phase III studies in larger patient populations are therefore
awaited to further investigate the safety, tolerability, and efficacy
of bimekizumab in PsA patients during long-term treatment,
including structural inhibition. There are currently 2 phase III
studies underway, the BE OPTIMAL trial (ClinicalTrials.gov
identifier: NCT03895203) and the BE COMPLETE trial
(ClinicalTrials.gov identifier: NCT03896581), as well as their
combined OLE study, BE VITAL (ClinicalTrials.gov identifier:
NCT04009499), after which more robust conclusions will likely
be possible.

In conclusion, the safety of bimekizumab in patients with PsA
over 3 years of treatment was consistent with the previous
48-week results, as well as other recently published studies of
IL-17 inhibitors in PsA patients. High thresholds of disease control
were achieved within the first year of treatment and sustained
through 3 years. Despite the limited sample size, the present
study supports the further development of bimekizumab to
address an unmet need for improved and sustained efficacy on
skin and joint disease in patients with PsA.
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