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Abstract
Background: The efficacy and safety of bimekizumab (BKZ), an inhibitor of interleukin 
(IL)-17F in addition to IL-17A, has been established in axial spondyloarthritis (axSpA). 
Early assessment of new bone formation is possible using 18F-fluoride positron emission 
tomography-computerised tomography (PET-CT) imaging to quantitatively monitor 
osteoblastic activity.
Objectives: This exploratory study, initiated before phase IIb/III studies, assessed the efficacy 
and safety of BKZ in patients with radiographic (r-)axSpA and its effect on new bone formation.
Design: Patients were randomised 2:1 to BKZ 160 mg every 2 weeks (Q2W; Weeks 0–10) then 
320 mg Q4W (Weeks 12–44), or the reference drug: certolizumab pegol (CZP) 400 mg Q2W 
(Weeks 0–4), then 200 mg Q2W (Weeks 6–10), 400 mg Q4W (Weeks 12–44).
Methods: Primary (Axial Spondyloarthritis Disease Activity Score (ASDAS) change from 
baseline (CfB)) and secondary endpoints (ASDAS-ID, ASDAS-MI) were assessed at Week 
12. PET-positive axSpA lesion counts and osteoblastic activity quantification (mean SUVauc) 
were performed at baseline and Weeks 12 and 48 in the sacroiliac joints and spine (PET-CT 
substudy; not powered to evaluate differences).
Results: In total, 76 patients were randomised; 26/76 entered the PET-CT substudy. At Week 
12, the mean ASDAS CfB with BKZ was −2.1 (CZP: −1.8); ASDAS-ID and ASDAS-MI were 
achieved by 23.9% (11/46) (CZP: 20.8% (5/24)) and 60.9% (28/46) (CZP: 45.8% (11/24)) patients. 
Across treatments, clinical efficacy was maintained or increased further at Week 48. In the 
PET-CT substudy, the total number of PET-positive axSpA lesions and mean SUVauc were 
substantially reduced from baseline at Week 12 with BKZ and CZP, with reductions maintained 
or further reduced at Week 48. Treatments were well tolerated with no new safety signals.
Conclusion: Dual inhibition of IL-17A and IL-17F with BKZ resulted in improved clinical 
outcomes and reduced osteoblastic activity in patients with r-axSpA, suggesting the potential 
of BKZ to reduce disease activity and new bone formation within 12 weeks of treatment. CZP 
findings were consistent with previous data. No new safety signals were identified.
Trial registration: ClinicalTrials.gov, NCT03215277 (https://clinicaltrials.gov/study/
NCT03215277).
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Introduction
Radiographic axial spondyloarthritis (r-axSpA; 
also known as ankylosing spondylitis)1 together 
with non-radiographic axSpA (nr-axSpA) com-
prise the disease spectrum of axSpA, a chronic 
inflammatory disease of the axial skeleton.2,3 New 
bone formation is a hallmark of axSpA, which can 
lead to syndesmophytes (bony outgrowths from 
spinal ligaments)4 in the vertebral bodies of 
approximately 60%–70% of patients, and ankylo-
sis of the sacroiliac joints (SIJ).5–7 Patients com-
monly experience restricted spinal mobility and 
impaired physical function as a result of this 
structural damage,2,3,8 and in r-axSpA, definitive 
structural damage to the spine and SIJ is visible 
on radiographs.2,3

Interleukin (IL)-17 inhibitors, a newer class of 
biologic disease-modifying antirheumatic drugs 
(bDMARDs), are an increasingly recognised 
alternative treatment option to tumour necrosis 
factor inhibitors (TNFis; first-line bDMARDs) 
for patients with axSpA who have an inadequate 
response to non-steroidal anti-inflammatory 
drugs (NSAIDs).9–11 Similar efficacy in musculo-
skeletal manifestations of axSpA across TNFis 
and IL-17 inhibitors has been assumed to date, 
with neither prioritised based on efficacy in treat-
ment guidelines.10 The IL-17 receptor complex 
binds to IL-17A and IL-17F homodimers and 
heterodimers and has been associated with pro-
motion of inflammation and bone formation/
damage, which are features of axSpA.12–15 
Elevated concentrations of IL-17A and IL-17F 
have also been implicated in the pathogenesis of 
other immune-mediated inflammatory diseases, 
including plaque psoriasis and psoriatic  
arthritis.12 Production of IL-17A and IL-17F by 
innate immune cells can occur independently of 
IL-23, which may explain the differing impacts of 
inhibiting the IL-17 versus IL-23 blockade in 
axSpA treatment.12

Bimekizumab (BKZ) is a humanised monoclonal 
IgG1 antibody that selectively inhibits IL-17F in 
addition to IL-17A.16 In trials covering the full 
spectrum of axSpA (r-axSpA: phase IIb BE 
AGILE trial and its open-label extension, phase 

III BE MOBILE 2; nr-axSpA: phase III BE 
MOBILE 1), dual inhibition of IL-17A and 
IL-17F with BKZ resulted in significant, rapid 
and sustained improvements in key efficacy out-
comes, and was well tolerated.16–19 In the phase 
III trials, BKZ treatment also led to reductions in 
objective signs of inflammation, including high-
sensitivity C-reactive protein (hs-CRP) and MRI 
assessments of the SIJ and spine.16,17

Conventional radiography is considered the gold 
standard technique for assessing structural dam-
age in the SIJ and spine.6,20 However, reliable 
detection of radiographic changes is only possible 
after a minimum of 2 years.6 MRI is a standard 
and effective technique for visualising active 
inflammatory changes in the axial skeleton and 
may detect the presence of active inflammation in 
the SIJ and spine prior to the appearance of radio-
graphic changes.6,20,21 However, MRI may have 
limited specificity and sensitivity when used diag-
nostically to identify axSpA inflammatory lesions 
and comparative imaging studies suggest MRI  
is also less suitable for detecting new bone  
formation occurring in the absence of 
inflammation.22,23

MRI studies have demonstrated the effectiveness 
of TNFis at suppressing inflammation in the SIJ 
and spine and mitigating the long-term risk of 
developing fatty lesions in the spine.24,25 There 
are also well-documented X-ray data for the 
impact of long-term treatment with TNFis on 
new bone formation in axSpA, demonstrating the 
reduction of radiographic progression over 
extended treatment periods.26,27 The impact of 
IL-17 inhibitors on MRI-detected inflammation 
is well established,28–31 with evidence from the BE 
MOBILE trials highlighting the rapid and sus-
tained anti-inflammatory effect of BKZ in the SIJ 
and spine.16,17 However, the effect of dual inhibi-
tion of IL-17A and IL-17F with BKZ on new 
bone formation is not yet established.

Investigating short-term (i.e. <1 year) efficacy on 
new bone formation requires a sensitive tech-
nique that can detect and quantify early changes 
in bone formation.5 There is currently a lack of 
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sensitive or specific systemic biomarkers available 
for detecting local osteoblastic activity. However, 
recent data in patients with r-axSpA have shown 
that fluorine-18-labelled fluoride (18F-fluoride) 
positron emission tomography-computerised 
tomography (PET-CT) is a promising whole-
body imaging technique that can assess and quan-
tify the impact of treatment on new bone 
formation at different locations on the axial skel-
eton.5,32 PET enables non-invasive molecular 
imaging and quantification of tissue function and 
physiology, and the radiotracer 18F-fluoride can 
be used to detect and quantify ongoing bone min-
eralisation during bone formation by osteo-
blasts.5,32 18F-fluoride is absorbed by 
hydroxyapatite crystals which comprise fluorapa-
tite minerals in bone, especially at sites of bone 
remodelling.5 Uptake of 18F-fluoride has been 
shown, and confirmed in biopsies, to identify 
lesions with osteoblastic activity and associated 
molecular new bone formation in the SIJ  
and spine.5 Therefore, this imaging technique 
enables the assessment of pathologically increased 
bone mineralisation caused by disease activity 
and the quantitative assessment of the direct 
effects of pharmacological treatment on bone 
formation.5,32

Molecular new bone formation in anterior verte-
bral corners of the spine in r-axSpA may be 
detected up to 2 years earlier with 18F-fluoride 
PET-CT than detection of syndesmophytes with 
conventional radiography.33 In a direct compara-
tive study, 18F-fluoride PET-CT provided par-
tially distinctive information about disease activity 
in patients with active r-axSpA compared with 
MRI or conventional radiography imaging tech-
niques.22 18F-fluoride PET-CT imaging enabled 
visualisation of lesions with osteoblastic activity, 
including in those without bone marrow oedema 
and structural damage.22 Consequently, PET-CT 
imaging may be useful for assessing treatment 
response in clinical practice and could offer 
opportunities for early detection of treatment 
impact on new bone formation.

This study aimed to assess the efficacy and safety 
of BKZ in patients with active r-axSpA, alongside 
the effect of BKZ on osteoblastic activity meas-
ured using 18F-fluoride PET-CT. Certolizumab 
pegol (CZP), a PEGylated, Fc-free TNFi 
approved for use in this indication,34–36 was 
included as a reference drug in this exploratory 
study to represent the TNFi drug class and con-
textualise results.

Methods

Study design and patients
This phase IIa, multicentre, randomised, double-
blind, parallel-group, exploratory study (NCT 
03215277) was conducted at 38 sites in 8 coun-
tries (the United States and 7 across Europe). It 
included a 2- to 4-week screening period, a 
48-week treatment period (12-week initial treat-
ment period, followed by a 36-week treatment 
extension period), and a 20-week safety follow-up 
period after the final treatment dose at Week 44 
(final efficacy assessment at Week 48) 
(Supplemental Figure S1). A PET substudy was 
conducted in a subset of patients in parallel, to 
assess imaging outcomes using 18F-fluoride 
PET-CT.

At screening, adults aged ⩾18 years with moder-
ate to severe active r-axSpA, defined as Bath 
Ankylosing Spondylitis Disease Activity Index 
(BASDAI) ⩾4 and spinal pain (BASDAI Q2) 
⩾4, were recruited. All patients fulfilled modified 
New York (mNY) classification criteria,37 and 
were required to have ⩾3 months’ symptom dura-
tion and age of onset <45 years. In addition, hs-
CRP levels >upper limit of normal (defined as 
5 mg/L) were required at screening, as well as 
prior inadequate response, contraindication or 
intolerance to ⩾2 NSAIDs. Current NSAID 
therapy was permitted if the patient was receiving 
a stable dose from 2 weeks prior to baseline.

Patients were excluded if they had previously 
received >1 TNFi (for patients with 1 prior 
TNFi, a pre-baseline washout of 12 weeks was 
required for infliximab, adalimumab and goli-
mumab and 28 days for etanercept) or had pri-
mary failure to any TNFi, defined as no response 
within the first 12 weeks of treatment. Those who 
had previously received BKZ, CZP or a biologic 
other than a TNFi were excluded. Patients with 
total ankylosis of the spine or inflammatory 
arthritic conditions other than r-axSpA were 
excluded; a diagnosis of inflammatory bowel dis-
ease (IBD) was permitted provided the patient 
had no active symptomatic disease at screening or 
baseline. Other exclusion criteria included active 
infection, history of chronic or recurrent infec-
tions, diagnosis of active tuberculosis (TB), high 
risk of acquiring TB or latent TB, presence of a 
secondary, non-inflammatory condition (e.g. 
fibromyalgia) with potential to interfere with 
study evaluations and significant neuropsychiat-
ric disorder indicated by lifetime history of 
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suicide attempt, suicidal ideation in the past 
6 months (according to questions 4 and 5 of the 
Columbia-Suicide Severity Rating Scale 
(C-SSRS) at screening) or depression score ⩾10 
or anxiety score ⩾15 on the Hospital Anxiety and 
Depression Scale (HADS) at screening.

After screening, patients were randomised 2:1 to 
BKZ or CZP. Patients in the BKZ group received 
the exploratory dose of BKZ 160 mg every 2 weeks 
(Q2W) for Weeks 0–10 and then BKZ 320 mg 
every 4 weeks (Q4W) for Weeks 12–44. As per 
the approved CZP dosing regimen,35,36 patients 
in the CZP group received a 400 mg loading dose 
Q2W during Weeks 0–4, followed by CZP 200 mg 
Q2W for Weeks 6–10 and then CZP 400 mg 
Q4W for Weeks 12–44 (Supplemental Figure 
S1). Randomisation was performed using interac-
tive response technology. It should be noted that 
this exploratory study was designed and con-
ducted prior to the investigation and establish-
ment of the BKZ 160 mg Q4W dosing regimen, 
which has been used in recently published phase 
IIb and phase III studies in axSpA.16,19

BKZ and CZP were prepared and administered 
subcutaneously via a 2 mL vial or 1 mL prefilled 
syringe (BKZ) or a 1 mL prefilled syringe (CZP) 
by unblinded study personnel who were not 
involved in any other study aspects. BKZ-treated 
patients received one placebo injection (0.9% 
sodium chloride aqueous solution from a 10 mL 
vial or ampoule) Q2W to Week 4, in addition to 
their BKZ dose, to maintain blinding while the 
CZP group received the loading dose. All patients 
and designated sponsor and investigator site per-
sonnel were blinded to treatment assignment 
throughout the study; blinded site personnel did 
not discuss or have access to treatment-related 
information.

Clinical endpoints and safety
The primary efficacy endpoint was change from 
baseline (CfB) in Axial Spondyloarthritis Disease 
Activity Score (ASDAS)-CRP at Week 12.38 The 
secondary efficacy endpoints, ASDAS inactive 
disease (ID; defined as ASDAS < 1.3) and 
ASDAS major improvement (MI; defined as 
reduction (i.e. improvement) in ASDAS of ⩾2.0 
from baseline), were also assessed at Week 12. 
ASDAS, ASDAS-ID and ASDAS-MI were also 
assessed over time to Week 48. Other additional 
pre-defined efficacy variables included CfB in 
ASDAS over time, Assessment of 

SpondyloArthritis international Society 20% 
response (ASAS20), ASAS 40% response 
(ASAS40), ASAS partial remission and CfB in 
BASDAI and hs-CRP; all were assessed over time 
to Week 48. hs-CRP levels were also measured 
throughout to Week 64 (end of the safety follow-
up period).

Incidence of treatment-emergent adverse events 
(TEAEs), treatment-emergent serious adverse 
events (SAEs) and TEAEs leading to discontinu-
ation from the study were all pre-specified safety 
endpoints. TEAEs, SAEs and pre-specified safety 
topics of special monitoring are defined in the 
Supplemental Material and were assessed from 
Weeks 0–64. Adverse events were coded accord-
ing to the Medical Dictionary for Regulatory 
Activities (MedDRA Version 19.0).

PET imaging
PET imaging endpoints are presented for the 
subset of patients in the PET imaging substudy. 
Patients were eligible for the PET substudy if they 
were screened at one of the 11 study sites across 
Poland, Germany, Greece and The Netherlands 
that were able to perform 18F-fluoride PET-CT 
scans and provided separate informed consent. In 
the subset of patients enrolled in the PET sub-
study, scans of the SIJ and spine were performed 
at baseline (⩽14 days prior), Week 12 (⩽14 days 
after) and Week 48 (⩽14 days after). Additional 
details are provided in the Supplemental Material.

The PET scans were read visually with a qualita-
tive assessment before a further, refined visual 
qualitative analysis was conducted. The refined 
analysis also enabled further classification of 
PET-positive lesions as axSpA, degenerative or 
uncertain/insecure by the independent reviewers, 
with an adjudicator in case of disagreement on 
axSpA versus degenerative classification. Only 
lesions classified as axSpA by both independent 
reviewers, or by agreement from the adjudicator, 
were analysed; PET-positive lesion refers to these 
axSpA lesions hereafter. Further details on the 
qualitative analysis are provided in the 
Supplemental Material.

PET-positive lesions were defined as lesions with 
18F-fluoride uptake of ⩾1.5 times background 
levels; lesions with an 18F-fluoride uptake of >1.0 
but <1.5 times were also included if intensity was 
asymmetrically higher than the locoregional and 
contralateral vertebral/sacroiliac sides, or uptake 
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was present in an anatomical site highly suspected 
to be an axSpA location. Locations in the SIJ and 
spine were dichotomously scored for the presence 
or absence of PET-positive lesions (1 versus 0) at 
each timepoint.

Additionally, a quantitative analysis of 18F-fluoride 
uptake within PET-positive lesions was con-
ducted in patients with PET-CT scans; further 
details are provided in the Supplemental Material. 
Standardised uptake values (SUV) normalised to 
the area under the individual integrated whole 
blood activity concentration curve (SUVauc) were 
assessed using Vrije University Medical Center’s 
in-house software (ACCURATE).39 Change in 
bone formation, an exploratory endpoint, was 
determined using these SUVauc data (i.e. low 
mean SUVauc values correspond to low osteoblas-
tic activity and therefore minimal pathological 
new bone formation).

Statistical analysis
Determination of sample size for the overall study 
and PET substudy are detailed in the Supplemental 
Material. This study was not powered to directly 
compare treatments with regards to secondary or 
exploratory endpoints, including endpoints 
assessed in the PET imaging substudy.

Analyses of the primary and secondary clinical 
efficacy endpoints, including the component vari-
ables, were performed on the per-protocol set 
(PPS), defined as all randomised patients who 
received ⩾1 treatment dose with a valid baseline 
and post-baseline measurement of ⩾1 efficacy 
variable and no important protocol deviation 
affecting the primary efficacy variable. Important 
protocol deviations were pre-defined and evalu-
ated during a treatment-blinded data evaluation 
meeting; further details are provided in the 
Supplemental Material. Analyses from the PET 
substudy were performed on the PPS (PET-
PPS), defined as all randomised patients who 
received ⩾1 treatment dose and had evaluable 
PET-CT or PET-MRI scan data at baseline and 
⩾1 of the post-baseline assessments at Week 12 
or Week 48. Safety data were summarised by 
treatment group for patients who had ⩾1 dose of 
BKZ or CZP, respectively (safety set).

Formal statistical testing was conducted for the 
primary efficacy endpoint at Week 12 following a 
Bayesian paradigm, performed using a linear 
regression model. Proof of concept (i.e. feasibility 

and initial evidence for targeted use of a treat-
ment in a specific patient population)40 was 
declared if the estimated posterior probability of a 
difference in mean CfB in ASDAS at Week 12 
between treatment groups was ⩾97.5%. Further 
details on the Bayesian analysis are provided in 
the Supplemental Material.

Analyses of all other efficacy variables (i.e. not 
primary or secondary variables, or their compo-
nents) were performed on the full analysis set (all 
randomised patients who received ⩾1 treatment 
dose with a valid baseline and post-baseline meas-
urement for ⩾1 efficacy variable) and summa-
rised descriptively by treatment group; no 
additional statistical testing was performed. 
Ninety-five percent confidence intervals for 
ASDAS and ASAS outcomes were calculated 
using a Wilson approximation.

Imputation methods for missing ASDAS and 
ASAS component data are provided in the 
Supplemental Material. No imputation of miss-
ing data was performed for summaries of the 
ASDAS component efficacy variables or imaging 
assessments. All reported efficacy data in this 
manuscript are observed case.

This study was funded by UCB, who funded 
third-party medical writing and editorial assis-
tance based on the authors’ input and direction.

Results

Patient disposition and baseline characteristics
From 4 October 2017 to 21 May 2020, 145 
patients were screened and 76 were randomised 
in the overall study (BKZ: 51; CZP: 25). Overall, 
50/51 (98.0%) BKZ-treated patients and 24/25 
(96.0%) CZP-treated patients completed the ini-
tial treatment period to Week 12, and 47/51 
(92.2%) and 22/25 (88.0%) patients completed 
to Week 48, respectively (Supplemental Figure 
S2(a)). The PPS comprised 72 (94.7%) patients, 
with 4 patients excluded due to important proto-
col deviations relating to incorrect treatment or 
dose of BKZ.

Baseline characteristics were similar between the 
BKZ and CZP groups, with the exception of age 
(⩾65 years), proportion of patients with ASDAS 
very high disease activity (ASDAS-vHD) and 
proportion of patients who had prior TNFi expo-
sure, all of which were higher in the BKZ group 
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Table 1. Patient demographics and baseline characteristics (PPS and PET-PPS).

Mean (SD), unless otherwise 
stated

Overall study PET substudy

BKZ
n = 47

CZP
n = 25

BKZ
n = 15

CZP
n = 8

Sex, male, n (%) 40 (85.1) 21 (84.0) 11 (73.3) 6 (75.0)

Age, years 41.1 (12.7) 39.7 (8.2) 45.6 (13.5) 38.1 (6.7)

 ⩾18 to <65 years, n (%) 43 (91.5) 25 (100.0) 13 (86.7) 8 (100.0)

 ⩾65 to <85 years, n (%) 4 (8.5) 0 2 (13.3) 0

HLA-B27 positive, n (%) 43 (91.5) 22 (88.0) 13 (86.7) 8 (100.0)

BMI, kg/m2 27.1 (5.0) 28.6 (6.0) 26.5 (6.1) 27.9 (6.6)

Time since diagnosis, years 7.3 (8.4) 6.5 (8.4) 7.7 (8.8) 2.3 (2.2)

Symptom duration, years 14.1 (11.6) 14.8 (8.2) 16.2 (13.8) 13.4 (6.9)

hs-CRP, mg/L, geometric mean 
(geometric CV, %)

15.8 (102.3) 11.5 (314.9) 14.6 (83.8) 6.6 (958.4)

ASDAS 4.1 (0.7) 4.0 (0.9) 4.0 (0.8) 3.5 (0.6)

 ASDAS-HD, n (%) 8 (17.0) 9 (36.0) 3 (20.0) 5 (62.5)

 ASDAS-vHD, n (%) 39 (83.0) 16 (64.0) 12 (80.0) 3 (37.5)

BASDAI 6.6 (1.3) 6.7 (1.4) 6.4 (1.5) 5.6 (0.5)

Total spinal pain 7.2 (1.5) 7.3 (1.7) 7.2 (1.6) 6.5 (1.7)

Nocturnal spinal pain 7.1 (1.6) 7.3 (1.7) 7.0 (1.5) 6.3 (1.3)

BASFI 6.4 (1.7) 6.4 (1.9) 6.0 (1.4) 5.1 (1.2)

PtGADA 7.0 (1.5) 7.0 (1.9) 6.5 (1.5) 5.6 (1.7)

Prior TNFi exposure, n (%) 8 (17.0) 1 (4.0) 0 0

History of uveitis, n (%) 4 (8.5) 0 2 (13.3) 0

Concomitant NSAID use at 
baseline, n (%)

29 (61.7) 14 (56.0) 12 (80.0) 6 (75.0)

Country, n (%)

 Poland 21 (44.7) 10 (40.0) 10 (66.7) 6 (75.0)

 Czech Republic 7 (14.9) 4 (16.0) 0 0

 Germany 7 (14.9) 3 (12.0) 3 (20.0) 1 (12.5)

 Russia 6 (12.8) 3 (12.0) 0 0

 Greece 4 (8.5) 2 (8.0) 1 (6.7) 1 (12.5)

 Moldova 0 3 (12.0) 0 0

 The Netherlands 1 (2.1) 0 1 (6.7) 0

 United States 1 (2.1) 0 0 0

PPS (overall study) and PET PPS (PET substudy). All patients were Caucasian.
ASDAS, Axial Spondyloarthritis Disease Activity Score; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BASFI, Bath Ankylosing 
Spondylitis Functional Index; BKZ, bimekizumab; BMI, body mass index; CV, coefficient of variation; CZP, certolizumab pegol; HD, high disease 
activity; HLA-B27, human leukocyte antigen B27; hs-CRP, high-sensitivity C-reactive protein; PET, positron emission tomography; PET-PPS, 
positron emission tomography per-protocol set; PPS, per-protocol set; PtGADA, Patient’s Global Assessment of Disease Activity; SD, standard 
deviation; TNFi, tumour necrosis factor inhibitor; vHD, very high disease activity.
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Figure 1. Primary and secondary clinical efficacy outcomes (OC).
Per-protocol set. Primary and secondary endpoints were assessed at Week 12. (a) ASDAS CfB (primary efficacy endpoint). (b) 
ASDAS-ID (secondary efficacy endpoint). (c) ASDAS-MI (secondary efficacy endpoint).
ASDAS, Axial Spondyloarthritis Disease Activity Score; BKZ, bimekizumab; CfB, change from baseline; CZP, certolizumab 
pegol; ID, inactive disease; MI, major improvement; OC, observed case.

(Table 1, Supplemental Table S1). Symptom 
duration was similar between the BKZ and CZP 
groups.

Clinical efficacy
At Week 12, the mean CfB in ASDAS (primary effi-
cacy endpoint) with BKZ was −2.1, and ASDAS-ID 
and ASDAS-MI (secondary efficacy endpoints) 

were achieved by 23.9% (11/46) and 60.9% (28/46) 
of BKZ-treated patients, respectively (Figure 1; 
Supplemental Table S2). Mean CfB in ASDAS 
observed at Week 12 was maintained at Week 48 
(−2.2). The proportion of patients achieving 
ASDAS-ID increased from Week 12 to 34.1% 
(15/44) at Week 48, as did the proportion of patients 
achieving ASDAS-MI (65.9% (29/44)) (Figure 1; 
Supplemental Table S2).
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In patients receiving CZP, mean CfB in ASDAS 
at Week 12 (−1.8) was maintained at Week 48 
(−1.9). At Week 12, 20.8% (5/24) of patients 
achieved ASDAS-ID and 45.8% (11/24) of 
patients achieved ASDAS-MI. By Week 48, the 
proportions of patients achieving these levels 
slightly increased (ASDAS-ID: 22.7% (5/22); 
ASDAS-MI: 50.0% (11/22)) (Figure 1; 
Supplemental Table S2).

The posterior probability of a difference between 
BKZ and CZP in the primary endpoint was 
88.4% (95% credible interval for difference: 
−0.14, 0.60); therefore, the pre-specified thresh-
old (i.e. posterior probability of ⩾97.5% for a 
greater improvement in ASDAS at Week 12 in 
the BKZ group compared with the CZP group), 
assessed using Bayesian analysis, was not met.

For other efficacy endpoints, the proportion of 
BKZ-treated patients achieving ASAS20, ASAS40 
and ASAS partial remission at Week 12 was further 
increased at Week 48 (Supplemental Table S2). 
Reductions (i.e. improvements) from baseline in 
BASDAI were observed at Week 12, with further 
improvements at Week 48. Similarly, improve-
ments in other efficacy endpoints were also observed 
at Week 12 in CZP-treated patients, with further 
improvements at Week 48 for most endpoints.

Mean levels (geometric) of hs-CRP were rapidly 
reduced below 4.0 mg/L by Week 4 with BKZ 
(from 15.8 mg/L at baseline to 3.5 mg/L at Week 
4) and were sustained at a low level throughout 
the study to Week 48 (3.6 mg/L). Following the 
last treatment dose at Week 44 and the subse-
quent 20-week safety follow-up period, the mean 
hs-CRP value at Week 64 remained low 
(3.8 mg/L) in the group that had originally 
received BKZ (Supplemental Figure S3). This 
pattern of maintained, low hs-CRP levels to Week 
64 remained the same when 2/47 patients who 
commenced another biologic after the last BKZ 
dose were excluded from the analysis (Week 64: 
3.6 mg/L). In CZP-treated patients, similar 
reductions in hs-CRP were observed over time to 
Week 48. However, the mean hs-CRP value 
increased from 2.7 mg/L at Week 48 to 8.5 mg/L 
at Week 64, the end of the safety follow-up period 
(Supplemental Figure S3).

PET imaging
In total, 26 patients enrolled in the PET sub-
study; 18 patients were randomised to BKZ and 8 

patients to CZP. The PET-PPS was made up of 
15 BKZ-treated patients and 8 CZP-treated 
patients (Supplemental Figure S2(b)), which 
included 51.6% (16/31) of patients from Poland, 
40.0% (4/10) from Germany, 33.3% (2/6) from 
Greece and 100.0% (1/1) from The Netherlands 
(Table 1). Baseline characteristics of patients in 
the PET substudy largely reflected those of the 
overall population in each group; however, BKZ-
treated patients were older than CZP-treated 
patients (13.3% (2/15) versus 0% aged ⩾65 years, 
respectively). In the PET substudy, BKZ-treated 
patients also had a longer mean symptom dura-
tion than CZP-treated patients (16.2 versus 
13.4 years) (Table 1).

Of patients in the PET-PPS, evaluable PET-CT 
scans from ⩾1 post-baseline assessment were 
available for 13/15 patients in the BKZ group and 
all 8 patients in the CZP group (Supplemental 
Figure S2(b)). PET-MRI scans were available for 
the remaining 2/15 patients in the BKZ group for 
visual, qualitative analysis only at the three 
assessed timepoints in the PET substudy; how-
ever, these images were not evaluated, and this 
study focused on the PET-CT imaging analysis 
(n = 13 (BKZ); n = 8 (CZP)). Among these 21 
patients, Week 48 PET-CT scans were non-eval-
uable in one patient in each treatment group; all 
patients had evaluable Week 12 PET-CT scans. 
One CZP-treated patient had evaluable PET-CT 
scans at all timepoints when analysis sets were 
finalised and was therefore included in the PET-
PPS, however the baseline scan of this patient was 
subsequently reassessed as non-evaluable during 
quantitative analysis. This patient’s baseline 
PET-CT scan data were treated as missing in 
PET-positive lesion counts, and the patient was 
excluded from SUVauc change from baseline anal-
yses. In summary, PET-positive lesion assess-
ments were available for 12/13 BKZ-treated 
patients at Week 48, and 7/8 CZP-treated patients 
at baseline and Week 48. For SUVauc at the 
patient level, CfB measurements were possible 
for 13/13 and 12/13 BKZ-treated patients and 7/8 
and 6/8 CZP-treated patients at Week 12 and 
Week 48, respectively.

In the qualitative analysis of the BKZ group with 
evaluable PET-CT scans, the total number of 
PET-positive lesions (classified as axSpA) in the 
SIJ and spine across all patients at baseline was 47 
(n = 13), decreasing by 27.7% to 34 lesions 
(n = 13) at Week 12 and by a further 17.6% to 28 
lesions (n = 12) at Week 48 (Figure 2). Reductions 

https://journals.sagepub.com/home/tab


X Baraliakos, J de Jongh et al.

journals.sagepub.com/home/tab 9

in total number of PET-positive lesions were 
observed in 6/12 patients at Week 48, despite 
variation in the number of PET-positive lesions 
observed at baseline between patients 
(Supplemental Figure S4). Examples PET-CT 
images of PET-positive lesions over time are pre-
sented in Supplemental Figure S5.

Mean quantitative lesional 18F-fluoride uptake 
(mean SUVauc) was also substantially reduced 
with BKZ. At baseline, the mean SUVauc in the 
spine and SIJ in BKZ-treated patients was 14.8, 
which decreased to 11.2 at Week 12 and slightly 
further to 10.8 at Week 48 (Figure 3(a)). These 
changes in SUVauc were also observed on the 
patient level, with most patients treated with BKZ 
(11/13) achieving reductions from baseline in 
SUVauc at Week 12, which were still evident in the 
majority of patients (11/12) at Week 48 (Figure 
3(b)). Across all individual SIJ and spinal lesions 
assessed, the majority showed reductions from 
baseline in SUVauc at Week 12 (40/49) and Week 
48 (44/48) with BKZ, with a percentage CfB of 
up to 68.5% at Week 48 (Figure 3(c)). When 
stratified anatomically by spinal location, reduc-
tions from baseline in mean SUVauc at Week 12, 
which were reduced slightly further at Week 48, 
were also observed in thoracic and lumbar regions 

with BKZ (baseline: 6.7 (thoracic), 3.6 (lumbar); 
Week 12: 5.3 (thoracic), 2.7 (lumbar); Week 48: 
5.1 (thoracic), 2.3 (lumbar)); no change was 
observed in the cervical region (data not shown).

In the qualitative analysis of patients receiving 
CZP, the total number of PET-positive lesions 
(classified as axSpA) in the SIJ and spine reduced 
by 32.7%, from 49 at baseline (n = 7; more PET-
positive lesions per patient than in the BKZ 
group) to 33 at Week 12 (n = 8), and by a further 
21.2% to 26 at Week 48 (n = 7) (Figure 2). The  
total number of PET-positive lesions at baseline 
in the CZP group was similar to the BKZ group, 
despite fewer patients being in this group. 
Reductions in number of PET-positive lesions 
were observed in 5/6 patients receiving CZP at 
Week 48, despite variation in the number of PET-
positive lesions observed at baseline (Supplemental 
Figure S4). In the quantitative analysis, a reduc-
tion from baseline in mean SUVauc in the spine 
and SIJ of CZP-treated patients was observed at 
Week 12 (from 24.7 to 15.6) and maintained at 
Week 48 (15.7) (Figure 3(a)). These changes in 
SUVauc were also observed on the patient level at 
Week 12, with all patients achieving reductions 
from baseline (n = 7). Reductions from baseline 
were still evident in 5/6 patients at Week 48 

Figure 2. Total number of PET-positive lesions in the SIJ and spine.
PET-per protocol set, in patients with evaluable PET-CT scans. Measured across spine and SIJ regions. axSpA lesions as 
defined by agreement between both independent reviewers, or by agreement from the adjudicator in cases of disagreement, 
on axSpA versus degenerative classification. If no PET-positive lesions were observed on a scan during an initial visual 
qualitative analysis at baseline or Week 12, no further scans were performed at the subsequent visit(s). If a patient 
withdrew from the study early (i.e. prior to Week 48), a scan was performed at the early withdrawal visit if the previous 
examination showing PET-positive lesions was conducted ⩾12 weeks prior. Images from all available timepoints were 
assessed simultaneously by the patient in triplets (baseline, Week 12 and Week 48), with images presented side by side in 
chronological order and reviewers blinded to treatment only. One patient in the BKZ group was enrolled in The Netherlands; 
due to national requirements related to maximum annual radiation exposure in this location, the final PET-CT scan was 
performed 1 year after the baseline PET-CT scan (i.e. at Week 52). The data from this patient’s Week 52 assessments were 
pooled with Week 48 data from other patients.
axSpA, axial spondyloarthritis; BKZ, bimekizumab; CZP, certolizumab pegol; PET-CT, positron emission tomography-
computerised tomography; SIJ, sacroiliac joints.
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Figure 3. Total mean and range of SUVauc and percentage change from baseline in SUVauc over time in the SIJ 
and spine. (a) Total mean and range of SUVauc. (b) Percentage change from baseline in SUVauc at Week 48, by 
patient. (c) Percentage change from baseline in SUVauc at Week 48, in all individual lesions.
PET-per protocol set. Each bar represents an individual patient in panel (b) and an individual lesion in panel (c). Measured 
across spine and SIJ regions. axSpA lesions as defined by agreement between both independent reviewers, or by agreement 
from the adjudicator in cases of disagreement, on axSpA versus degenerative classification. One BKZ-treated patient did not 
have a Week 48 measurement, one CZP-treated patient had a baseline measurement but not a Week 48 measurement, and 
one CZP-treated patient did not have a baseline measurement but had a Week 48 measurement. Therefore, change from 
baseline was only calculable for 12 BKZ-treated patients and 6 CZP-treated patients. In panel (c), individual lesion data are 
presented for all 48 individual PET lesion locations with detectable PET-positive lesions in 12 patients in the BKZ group and 
all 42 individual PET lesion locations with detectable PET-positive lesions in 6 patients in the CZP group. If no PET-positive 
lesions were observed on a scan during an initial visual qualitative analysis at baseline or Week 12, no further scans were 
performed at the subsequent visit(s). If a patient withdrew from the study early (i.e. prior to Week 48), a scan was performed 
at the early withdrawal visit if the previous examination showing PET-positive lesions was conducted ⩾12 weeks prior. 
One patient in the BKZ group was enrolled in The Netherlands; due to national requirements related to maximum annual 
radiation exposure in this location, the final PET-CT scan was performed 1 year after the baseline PET-CT scan (i.e. at Week 
52). The data from this patient’s Week 52 assessments were pooled with Week 48 data from other patients.
BKZ, bimekizumab; CZP, certolizumab pegol; PET-CT, positron emission tomography-computerised tomography; SIJ, 
sacroiliac joints; SUVauc, standardised uptake value by area under the curve.
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(Figure 3(b)). Across all individual SIJ and spinal 
lesions assessed, most lesions had a reduction 
from baseline in SUVauc at Week 12 (43/49) and 
Week 48 (33/42) with CZP, with a percentage 
CfB of up to 75.3% at Week 48 (Figure 3(c)). 

When stratified anatomically by spinal location, 
reductions from baseline in mean SUVauc at Week 
12, which were maintained at Week 48, were also 
observed in the thoracic region with CZP (base-
line: 17.0, Week 12: 11.9, Week 48: 11.9); no 

Table 2. Safety overview.

n (%) Initial treatment period
Weeks 0–12

Overall study period (including SFU)
Weeks 0–64

BKZ
n = 51

CZP
n = 25

BKZ
n = 51

CZP
n = 25

Overview

 Any TEAE 28 (54.9) 14 (56.0) 42 (82.4) 19 (76.0)

 Severe TEAEs 2 (3.9) 2 (8.0) 2 (3.9) 2 (8.0)

  TEAEs leading to study 
discontinuation

2 (3.9) 1 (4.0) 3 (5.9)a 3 (12.0)b

 Drug-related TEAEs 16 (31.4) 4 (16.0) 24 (47.1) 9 (36.0)

 Serious TEAEs 3 (5.9) 2 (8.0) 5 (9.8) 3 (12.0)

 Death 0 1 (4.0)c 0 1 (4.0)c

Most frequently reported TEAEsd

 Nasopharyngitis 4 (7.8) 0 10 (19.6) 6 (24.0)

 Diarrhoea 0 1 (4.0) 0 3 (12.0)

 Oral candidiasis 0 0 6 (11.8) 0

 Pharyngitis 0 0 5 (9.8) 0

 Worsening of ASe 1 (2.0) 0 4 (7.8) 2 (8.0)

 GGT increased 1 (2.0) 1 (4.0) 3 (5.9) 1 (4.0)

 Upper respiratory tract infection 1 (2.0) 0 3 (5.9) 1 (4.0)

 Influenza 0 0 3 (5.9) 0

 Headache 2 (3.9) 2 (8.0) 2 (3.9) 2 (8.0)

 ALT increased 1 (2.0) 2 (8.0) 1 (2.0) 2 (8.0)

 AST increased 1 (2.0) 2 (8.0) 1 (2.0) 2 (8.0)

 Tonsillitis 0 0 1 (2.0) 2 (8.0)

 Periarthritis 0 2 (8.0) 0 2 (8.0)

 Oral herpes 0 0 0 2 (8.0)

Safety set. MedDRA (Version 19.0).
aTEAEs leading to discontinuation from the study in patients receiving BKZ were hepatitis E, relapsing pneumonia and acute renal failure.
bTEAEs leading to discontinuation from the study in patients receiving CZP were suicide, myasthenia gravis and hard-to-heal left leg fracture.
cOne patient committed suicide, which was not considered related to treatment.
dTEAEs >5% in any treatment group for the overall study period are reported by preferred term.
eAssessed by preferred term of ankylosing spondylitis.
ALT, alanine aminotransferase; AS, ankylosing spondylitis; AST, aspartate aminotransferase; BKZ, bimekizumab; CZP, certolizumab pegol; GGT,  
gamma-glutamyltransferase; n, number of patients reporting ⩾1 TEAE in that category; SFU, safety follow-up; TEAE, treatment-emergent adverse event.
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change was observed in the lumbar region and 
there were no lesions in the cervical region at any 
timepoint (data not shown).

Safety
Safety data for the initial treatment period (Weeks 
0–12) and overall study period (Weeks 0–64) are 
summarised in Table 2. In the initial treatment 
period, ⩾1 TEAE was reported for 28/51 (54.9%) 
patients receiving ⩾1 BKZ dose and 14/25 
(56.0%) patients receiving ⩾1 CZP dose. For the 
overall study period, ⩾1 TEAE was reported for 
42/51 (82.4%) BKZ-treated patients and 19/25 
(76.0%) CZP-treated patients. TEAEs leading to 
study discontinuation during Weeks 0–64 
occurred in 3/51 (5.9%) BKZ-treated patients 
and 3/25 (12.0%) CZP-treated patients (Table 2). 
Total treatment exposure was 10.5 patient-years 
at Week 12 and 58.0 patient-years at Week 64 
with BKZ, and 4.7 patient-years and 22.9 patient-
years with CZP, respectively.

One death occurred in the CZP group in Weeks 
0–12 due to suicide; however, this event was not 
considered treatment-related by the investigator 
and the patient’s HADS-D scores, C-SSRS assess-
ment and investigator assessment at prior study 
visits did not raise any concerns. During Weeks 
0–64, SAEs (summarised in Supplemental Table 
S3) occurred in 5/51 (9.8%) BKZ-treated patients 
and 3/25 (12.0%) CZP-treated patients. Most fre-
quently reported TEAEs (>5%) with BKZ and 
CZP during Weeks 0–64 are presented in Table 2.

Fungal infections were reported in 10/51 (19.6%) 
BKZ-treated patients and no CZP-treated 
patients. The majority of these were oral candidi-
asis infections (6/10), with the remaining 4 
patients reporting fungal infections not elsewhere 
classified. All fungal infections were mild to mod-
erate, non-systemic, localised and resolved with 
antifungal medications; none led to discontinua-
tion from the study or were classified as serious.

Among pre-specified safety topics of interest for 
Weeks 0–64, no opportunistic infections (includ-
ing TB), malignancies, IBD or anaphylactic reac-
tions occurred with BKZ or CZP. No major 
adverse cardiovascular events (MACE) were 
identified by the pre-defined MACE search crite-
ria; however, as an additional measure, reported 
cardiovascular events were adjudicated by an 
external committee. A serious TEAE of coronary 
artery stenosis reported in a BKZ-treated patient 

(Supplemental Table S3) was subsequently adju-
dicated as a MACE.

Hypersensitivity reactions occurred in six BKZ-
treated patients (11.8%; eight occurrences) and 
one CZP-treated patient (4.0%; one occurrence); 
almost all were skin and subcutaneous tissue dis-
orders (one BKZ-treated patient had an occur-
rence of an eye disorder) and all were mild to 
moderate. There were no injection site reactions 
in BKZ-treated patients and one mild reaction 
occurred in a CZP-treated patient. Hepatic events 
occurred in 4/51 (7.8%) BKZ-treated patients 
and 3/25 (12.0%) CZP-treated patients, the 
majority of which were transient, mild to moder-
ate liver enzyme elevations and not considered 
treatment-related by the investigators. All liver 
enzyme elevations considered related to treat-
ment were resolved and did not lead to discon-
tinuation from the study.

Uveitis, the most common extra-musculoskeletal 
manifestation of axSpA,2 occurred in 1/51 (2.0%) 
BKZ-treated patients and 1/25 (4.0%) CZP-
treated patients (not a pre-specified safety topic 
of interest); neither patient had a history of uvei-
tis. None of the patients in the BKZ group with a 
history of uveitis (4/51) had a uveitis flare.

Discussion
In this phase IIa study, the pre-specified Bayesian 
analysis threshold for the primary endpoint was 
not met, and hence proof of concept could not be 
declared. However, treatment with an exploratory 
dose of BKZ (160 mg Q2W, then 320 mg Q4W) 
resulted in improvements in all assessed stringent 
efficacy outcomes from baseline to Week 12, which 
were maintained or further improved at Week 48. 
Results were consistent with the rapid and sus-
tained long-term clinical responses observed in the 
phase IIb (BE AGILE) and phase III (BE 
MOBILE) trials.16–19 Improvements in assessed 
efficacy outcomes were also observed at Week 12 
and largely maintained or further improved at 
Week 48 with CZP, the reference drug, which 
were consistent with previous phase III trial data 
and the known effect of CZP in r-axSpA.34,41

Rapid and sustained reduction of systemic inflam-
mation over time, measured by hs-CRP levels, 
was also observed with BKZ and CZP to Week 
48, consistent with findings from the BE MOBILE 
2 trial and the known long-term anti-inflamma-
tory effect of CZP.16,17,25,41 Inhibition of 
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proinflammatory cytokines and decreased local 
(MRI) and systemic (CRP) inflammation with 
BKZ have been linked to improvement in clinical 
signs and symptoms associated with axSpA.16,17,42 
Notably, mean hs-CRP remained low in the BKZ 
group at Week 64, 20 weeks after administration 
of the last treatment dose, unlike in the CZP 
group. This suggests that BKZ may have a pro-
longed anti-inflammatory effect in patients with 
r-axSpA. However, this could also result from 
BKZ and CZP concentrations falling below the 
levels required to suppress CRP in patients with 
axSpA at different times due to the different elim-
ination half-lives of BKZ and CZP (~3 and 
2 weeks, respectively),15,35,42 or potential differ-
ences in biological half-lives.

PET-CT imaging data demonstrate that, in addi-
tion to reducing systemic inflammation, BKZ 
also has an inhibitory effect on osteoblastic activ-
ity in patients with r-axSpA, as assessed at 12 and 
48 weeks of treatment. 18F-fluoride PET-CT is a 
measure of bone mineralisation, which occurs as 
a result of osteoblastic activity during bone for-
mation.5,32 Therefore, the reductions from base-
line in the number of PET-positive lesions and 
mean SUVauc observed at Week 12 and Week 48 
with BKZ treatment correspond to reductions in 
osteoblastic activity and bone mineralisation. 
These data are suggestive of an early impact of 
BKZ on new bone formation (i.e. reduction in 
syndesmophytes and ankyloses); however, long-
term studies with conventional radiography are 
ongoing and will be needed to confirm this. 
Findings in this study are consistent with pre-
clinical data that demonstrated the potentially 
beneficial effect of dual inhibition of IL-17A and 
IL-17F on pathological new bone formation in 
r-axSpA.13 The upstream causal process of this 
reduction in osteoblastic activity is not well 
defined and has been linked to a variety of fac-
tors, including reductions in MRI bone inflam-
mation.43 Reductions from baseline in both the 
number of PET-positive lesions and mean 
SUVauc across the SIJ and spine with BKZ were 
also more pronounced between baseline and 
Week 12 than between Week 12 and Week 48, 
suggesting treatment with BKZ has an early 
effect on pathological bone formation. Overall, 
these 18F-fluoride PET-CT imaging data show 
that targeted inhibition of IL-17A and IL-17F 
with BKZ reduces osteoblastic activity and has 
the potential to reduce new bone formation in 
patients with r-axSpA at risk of structural disease 
progression.

Reductions in osteoblastic activity (i.e. reductions 
from baseline in the number of PET-positive 
lesions and mean SUVauc) were also observed 
with CZP at Week 12 and Week 48, in line with 
the known effect of TNFi treatment in reducing 
spinal structural progression in patients with 
r-axSpA.5,24,44 The findings for CZP are also con-
sistent with a previous PET-CT imaging study 
that detected decreases in bone formation after 
12 weeks of TNFi treatment.5,22

Although the baseline characteristics of patients in 
the PET substudy largely reflected the overall 
patient population in each treatment group, on 
average BKZ-treated patients in the PET sub-
study were older, had symptoms for longer, had 
more established structural damage and a greater 
proportion had previous TNFi exposure, com-
pared with those who received CZP. Due to the 
smaller number of patients in the PET substudy, 
the imbalances in baseline characteristics between 
treatment groups were more pronounced than in 
the overall population and the potential impact on 
the observed inhibitory activity of BKZ on osteo-
blasts may have been greater. Despite the baseline 
characteristics in the BKZ group suggesting, on 
average, patients had more established disease, 
substantial reductions in osteoblastic activity were 
still observed and almost all lesions had a quanti-
tative decrease in signal with BKZ. It is possible 
that further reduction of pathological osteoblastic 
activity could be achieved with BKZ, or com-
pletely prevented, if patients are treated in the 
early stages of axSpA when little or no structural 
damage is present, although additional studies are 
needed to investigate this. Additionally, there 
were differences between treatment groups in 
baseline imaging assessments, with more PET-
positive axSpA lesions per patient and higher 
mean SUVauc in the CZP group compared with 
the BKZ group. Differences in baseline character-
istics between treatment groups, and the potential 
effect of these baseline differences on treatment 
response, were not evaluated, as the study was not 
powered to assess this. Although of interest, com-
parison of baseline SUVauc values against another 
measure of osteoblastic activity was not possible, 
given this is a novel molecular quantification 
assessment technique at the tissue level.

Both BKZ and CZP were well tolerated and their 
respective safety profiles were consistent with pre-
vious studies, with no new or unexpected safety 
signals observed.16–19,34,41 Occurrence of fungal 
infections with BKZ, particularly oral candidiasis, 
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aligns with other clinical studies and was expected 
due to the known role of the IL-17 in host defence 
against Candida at the mucosal barrier.45–49

Incidence of uveitis was low with both BKZ and 
CZP, comparable with uveitis data from the 
phase IIb BE AGILE trial to Week 156 (r-axSpA) 
and pooled data from phase IIb and III BKZ trials 
across the spectrum of axSpA,18,50 as well as CZP 
data from the phase III RAPID-axSpA trial to 
Week 204 (r-axSpA) and the phase IV C-VIEW 
trial.41,51

A key strength of this exploratory study was the 
quantification of lesional 18F-fluoride uptake using 
PET-CT imaging to objectively assess osteoblas-
tic activity and evaluate the impact of dual IL-17A 
and IL-17F inhibition, and TNF inhibition, on 
the process of bone formation in patients with 
r-axSpA. Additional strengths were the inclusion 
of CZP as a reference drug to represent the stand-
ard of care (TNFis), triplet readings of PET-CT 
images per patient across timepoints to reduce 
data variability between readings, reporting of 
long-term (48-week) outcomes and the selection 
of stringent efficacy outcomes (e.g. ASDAS-ID, 
ASDAS-MI) to assess treatment response.

A limitation of this study was the use of a different 
BKZ dosing regimen (160 mg Q2W then 320 mg 
Q4W) to the EU-approved dosage for patients 
with r-axSpA (160 mg Q4W) based on the recent 
phase IIb and phase III studies.16,19,42 This is due 
to this exploratory study being designed and con-
ducted prior to the investigation and establish-
ment of the BKZ 160 mg Q4W dosing regimen. 
Therefore, BKZ data from this study should not 
be generalised to the 160 mg Q4W dose and direct 
comparisons to those later studies should not be 
made. The small sample size, in both the overall 
study and PET substudy, also limited evaluation 
of the effects of BKZ, particularly in the substudy 
where there is notable variation in imaging data 
between patients within each treatment group. 
This study was not powered to directly compare 
treatments with regards to secondary or explora-
tory endpoints, including endpoints assessed in 
the PET imaging substudy. Similarly, while of 
interest, association analyses between clinical out-
comes and PET imaging outcomes were not pos-
sible due to the small sample sizes in the study. 
Additional study limitations included the subjec-
tive nature of qualitative image analysis when eval-
uating PET-positive lesions, the absence of a 
placebo comparator group and the late stage of 

disease in most patients potentially resulting in no 
or reduced ongoing bone formation. The inclu-
sion of serological biomarker assessments for oste-
oblastic activity in this study may have enabled 
further analyses to strengthen conclusions on new 
bone formation. However, the ability of 
18F-fluoride PET-CT imaging to assess new bone 
formation at the local level, enabling different 
responses to treatment across clinically relevant 
sites to be captured,32 provides highly sensitive 
data on osteoblastic activity which may not be 
picked up by serological biomarkers.

Conclusion
In conclusion, our study demonstrates that dual 
inhibition of IL-17A and IL-17F with BKZ 
results in improvements in stringent clinical out-
comes, and may lead to reductions in osteoblastic 
activity in the SIJ and spine, assessed using 
18F-fluoride PET-CT. These imaging data sug-
gest that BKZ may have the potential to reduce 
new bone formation in patients with r-axSpA at 
risk of structural disease progression; however, 
further investigation with larger patient popula-
tions and long-term radiological follow-up is 
required before definitive conclusions can be 
drawn. The data also provide further evidence for 
improvements in stringent clinical outcomes and 
reductions in osteoblastic activity with CZP, con-
sistent with the known effects of TNFi treatment. 
Upcoming 2-year analyses of the BE MOBILE 
trials will assess radiographic progression in 
patients treated with BKZ and further elucidate 
the impact of BKZ treatment on new bone forma-
tion in r-axSpA.
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