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Abstract: Psoriatic arthritis is a complex and heterogeneous disease with potential signifi-
cant disability and impaired quality of life. Although in the last decades new treatment
options have led to a better management of this disease, there are still significant unmet
therapeutic needs. Dual inhibitor antibodies target two different cytokines simultaneously,
potentially offering a better disease control. In psoriatic arthritis, there is evidence for
a pathogenic role not only of IL-17A but also the structurally homologous IL-17F. It is
postulated that differential expression of both in several targets of PsA could account for
disparities in clinical response to IL-17A inhibition alone (such as with secukinumab or
ixekizumab). Here we review the evidence so far for the use in psoriatic arthritis of
bimekizumab, the first humanized monoclonal IgG1 antibody that selectively neutralizes
both IL-17A and IL-17F. A Phase 2b trial reports better outcomes over both placebo and IL-
17A inhibition alone. Very recently encouraging results from open-label extensions with
regards to both safety and maintenance of response were presented. Phase III trials are
ongoing with the first results awaited in 2021.

Keywords: psoriatic arthritis, psoriasis, bimekizumab, interleukin-17A, interleukin-17F,
biologic therapy

Introduction

Psoriatic arthritis (PsA) is a complex and heterogeneous inflammatory disease that
affects 20% to 30% of patients with psoriasis and is associated with substantial
disability, impaired quality of life (QoL), and several comorbidities.' > It involves
diverse clinical domains that extend beyond musculoskeletal manifestations (per-
ipheral and axial arthritis, enthesitis and dactylitis): eg, nails, gut, and eyes, in
addition to latent or manifest psoriasis.

Although there is still a huge gap in knowledge on the pathophysiology of PsA,
what is known has fortunately turned into new treatment approaches that have
improved symptoms and outcomes for PsA patients over the last two decades. Pro-
inflammatory cytokines have been recognized as potential treatment targets in
inflammatory diseases and have led to the creation of a number of anti-cytokine
monoclonal antibodies that have revolutionized its treatment, such as TNFa and IL-
12/23 inhibitors.”

important role in the pathophysiology of psoriatic disease and its blockage has

More recently, the IL-17 pathway has been shown to play an

shown to be clinically beneficial, as demonstrated with IL-17A inhibitors secuki-
numab and ixekizumab.® Some patients, however, still do not respond, stop
responding over time or suffer from side effects, leading to drug discontinuation,
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and other times combination strategies are required to
control all PsA’s disease domains. Thus, there is still
a great need for novel therapeutic options.’

Dual inhibitor antibodies target two different cytokines
simultaneously potentially offering a better disease con-
trol. Interleukin (IL)-17A and IL-17F share structural
homology and have a similar biologic function. IL-17A
is classically considered to be the most biologically active,
but recent studies have shown that IL-17F is also increased
in psoriatic skin and synovial cell in psoriatic arthritis,
supporting the rationale for targeting both IL-17A and
IL-17F in psoriatic disease. Bimekizumab is the first-in-
class monoclonal antibody designed to simultaneously tar-
get IL-17A and IL-17F.

This article aims to review the current knowledge on
bimekizumab, the first dual inhibitor of IL-17A and IL-
17F being studied to treat psoriatic arthritis.

The Role of Interleukin (IL)-17A and
IL-17F in Psoriatic Arthritis

The IL-17 cytokine family comprises six different mem-
bers (from A to F), of which IL-17A is the most studied.
Known to be produced by a wide range of immune cells,
IL-17A is involved in the pathophysiology of several
inflammatory diseases including spondyloarthritis.®®

Most non-hematopoietic cells possess IL-17 receptors,
including fibroblasts, epithelial cells and synoviocytes,® but
despite this ubiquitous presence, IL-17 seems to have only
moderate inflammatory capability per se, rather recruiting
and amplifying other pathways, such as IL-6, IL-8, TNF and
inflammatory-cell attracting chemokines.®”-%'°

Still, evidence supporting the centrality of the IL-17
pathway in both PsO and PsA is available from a wide
range of data.'' Thl17 cells, IL-17 protein and related
genes are elevated in both skin, blood and synovial fluid
of PsO and PsA patients.'""'? In PsA, increased levels of
IL-17+ CD4 and CD8'>'*, as well as IL-17A+Tyd cells,
have been found in the synovial fluid compared with
peripheral blood. Specifically, the levels of IL-17+CD8+
cells in the synovial fluid distinguish PsA from rheumatoid
arthritis (RA) and correlate with increased DAS28 scores,
C-reactive protein levels, power-doppler findings of activ-
ity and prevalence of erosions.'? Inhibition of this pathway
is capable of normalizing almost four times more disease-
related genes than anti-TNFo treatments.''!”

Within the entire IL-17 family, IL-17F is the most
structurally homologous (~50%) to IL-17A® (Figure 1).

They can both be secreted as homodimers (ie IL-17A/A
or IL-17F/F) or as heterodimers of IL-17A/IL-17F,’ shar-
ing signaling pathways through the same heterodimeric
complex of IL-17 receptors A and C (IL-RA/RC) and
biologic function.””

The role of both IL-17A and F in psoriasis pathogen-
esis has been previously addressed.®*'

In enthesitis, a central pathologic process in PsA, Tyd
cells have recently been described that are capable of
producing both IL-17A and IL-17F even independently
of IL-23 stimulation.'” IL-17A and F had already been
shown to promote osteogenic differentiation in in vitro
models of human periosteum activated through the use of
Th17 and Tyd cells or through culture with serum from
patients with ankylosing spondylitis,'® a mechanism
potentially implied in the development of enthesitis.
Importantly, both cytokines seem to be equipotent in this
role, unlike in inflammatory processes where IL-17F
seems to be less potent.'®

Both IL-17A and IL-17F, when synergized with TNF,
lead to increased production of pro-inflammatory cyto-
kines, such as IL-8 and IL-6 in synoviocytes of PsA
patients.” IL-17A seems to be the most pro-inflammatory
of the two cytokines.”'” However, despite some inconsis-
tencies in the literature regarding IL-17F detection levels
attributable  to
methodology,'® IL-17F levels have been reported to be

which might be differences in
30-50 times higher in some cytokine microenvironments,
such as in psoriatic skin lesions of PsA patients®® or the
synovium,?' which might dilute differences in relative
potency. Additionally, IL-17F seems to be significantly
increased in the synovium of PsA compared to osteoar-
thritis (OA) patients, unlike IL-17A.?" Dual neutralization
of both IL-17A and IL-17F (using bimekizumab) resulted
in greater downregulation of pro-inflammatory cytokine
blockade in
fibroblasts.”"’ Critically, in in vitro models, anti-TNF

production than a single synovial
blockade alone did not reduce the production of IL-8 as
much as both IL-17A and F neutralization or even just
anti-IL17A alone.”'? In in vitro models of human perios-
teum dual blockade of IL-17A and F was also more
effective in suppressing osteogenic differentiation than
the blockade of either cytokine individually.'®
Interestingly, in Tyd cells, the predominant IL-17 produc-
tion seems to be the F subtype.'® Also of note is the recent
description that the IL-17receptorC (IL-17RC) competes with
IL-17RA for IL-17F, IL-17A and IL-17A/F heterodimers,”

suggesting the possibility of IL-17RA-independent signaling
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IL-17A inhibitor Dual IL-17A and IL-17F IL-17RA inhibitor
Secukinumab inhibitor Brodalumab*
Ixekizumab Bimekizumab
IL-17A IL-17A/F IL-17F IL-17E IL-17C
IL-17RA IL-17RC IL-17RA IL-17RB IL-17RA IL-17RE

Figure | Summarized schematic of inhibition of the IL-17 cytokine family. *Not approved for psoriatic arthritis.

Notes: Reprinted by permission from Springer Nature Customer Service Centre GmbH: Springer Nature, BioDrugs, Reis ], Vender R, Torres T. Bimekizumab: the first dual
inhibitor of interleukin (IL)-17A and IL-17F for the treatment of psoriatic disease and ankylosing spondylitis, COPYRIGHT 2019.6

Abbreviations: IL, interleukin; IL-17RA, IL-17 receptor A; IL-17RB, IL-17 receptor B; IL-17RC, IL-17 receptor C; IL-17RE, IL-17 receptor E.

pathways (and thus not targeted by brodalumab, an anti-
IL17RA monoclonal antibody).

Bimekizumab

Bimekizumab is a humanized monoclonal IgGl anti-
body that selectively neutralizes both IL-17A and IL-
17F. In in vitro models, bimekizumab appears to be as
potent as ixekizumab at inhibiting IL-17A (also more
potent than secukinumab)® but, unlike those drugs, also
possesses the unique ability to inhibit IL-17F as well,
functioning as a dual inhibitor. Unlike brodalumab, an
IL-17 receptor A blocker — which targets not only IL-
17A and F signaling but also IL-17 C, D and E -
bimekizumab spares IL-17E (also known as IL-25), for
example, which is believed to have anti-inflammatory
properties.®

Bimekizumab demonstrates dose-proportional linear
pharmacokinetics, with a half-life ranging from 17 to 26
days, and its distribution is restricted to the extravascular
compartment.”> Currently, bimekizumab is in advanced
clinical development for psoriasis, but also for psoriatic
arthritis, and ankylosing spondylitis (both currently in
phase III).

Bimekizumab in PsA - Efficacy
Phase |

The first bimekizumab clinical trial in PsA was a phase Ib
randomized, double-blind, placebo-controlled clinical trial
that included 53 patients (39 treated with bimekizumab, 14
with placebo) with active psoriatic arthritis who had failed
conventional disease-modifying antirheumatic drugs
(DMARDs) and/or one biologic DMARD. Patients in the
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active treatment arm were randomized to four different
treatment regimens of varying loading doses (ranging
from 80 to 560 mg) and maintenance doses (from 40 to
320 mg) at weeks 0, 3 and 6. Patients were followed for up
to 20 weeks.’

Patients treated with bimekizumab had a faster response,
compared to placebo. This was first detected at week two,
with maximal or near-maximal responses maintained up to
week 20, for both arthritis and skin psoriasis. ACR20, 50
and 70 responses were maximal at week 8 (80%), week 12
(57%) and week 16 (37%), respectively. For patients with
skin involvement, PASI75 and PASI100 responses at week 8
were 100% and 87%, respectively (Table 1).

Phase |l

BE ACTIVE'" was a 48-week multicentric, international,
phase 2b dose-ranging, randomized, double-blind placebo-
controlled trial to assess the efficacy and safety of bimekizu-
mab. Two hundred and six adult patients (out of 308 screened)
with active (tender and swollen count >3) PsA (diagnosed
according to CASPAR criteria) were enrolled in 5 treatment
arms (placebo, 16 mg, 160 mg with single 320 mg loading
dose, 160 mg, 320 mg bimekizumab dose, with SC injections
every 4 weeks). Concurrent use of TNF inhibitors was not
permitted but conventional DMARD:s (if on a stable dose and
kept throughout the study), corticosteroids (equal or less
10mg/day) and NSAIDs were allowed. Sixteen-milligram
bimekizumab (a much lower dose than other treatment arms)

was tested with a programmed re-randomization at week 12 to

either 160 or 320 mg dosing (meaning no placebo arm after 12
weeks). All patients received treatment up to week 48.

The primary outcome was ACR50 response at 12 weeks,
a much more stringent outcome than used for other IL-17
inhibitors. The prespecified analysis was not possible due to
the absence of a statistically significant difference versus
placebo for the 320 mg group at week 12. All other out-
comes were thus considered exploratory, rendering this
a failed primary endpoint with no active comparator group.

At 12 weeks, significant ACR50 responses were present
for every bimekizumab group, although lower in both the
16 mg and 320 mg dose group (Table 1 reports average values
for all bimekizumab treatment groups). The 160 mg dosing
had the greatest ACR and PASI response rates. These were
confirmed to be increasing response rates up to week 24 and
stability thereafter up to week 48, where the results of both 160
and 320 mg were similar. There were also responses in PASI
scores, enthesitis, HAQ-DI and SF-36 across all bimekizumab
doses. There was no loss of efficacy by week 48.

At the recent American College of Rheumatology
(ACR) congress, additional data on BE ACTIVE were
reported. BASDAI scoring was improved on the 93
patients in the treatment arm (160-320 mg bimekizumab)
who had a baseline score >4 (mean 6.2 =+ 1.42).
BASDAIS0 response rates were 43% and 56% at week
12 and 48, respectively.”*

Regarding patient-reported outcomes (PROs), the Health
assessment questionnaire Disability Index (HAQ-DI) and the
psoriatic arthritis impact of disease-9 (PsAID-9) questionnaire
developed specifically to assess health-related quality of life

Table | Results from Published Trials Involving Bimekizumab in Psoriatic Arthritis

Registration ACR20 ACR50 PASI75 PASII100 PGA PtGA

Phase | NCTO02141763 Bimekizumab arm (at week 8)
PA00077

80% 40% 100% 87% —64% - 59%

Placebo arm

16.7% 8.3% 0% 0% -29% =17%
Phase Il NCT02969525 Bimekizumab arm (at week 12)
BE ACTIVE®

59.75%* 34.5%** 64.75%*** 35.25% ¥k
Placebo arm
19% 7% 7% 7%

Notes: P(hysician) GA and Pt(atient) GA — % change from baseline. *Average for all bimekizumab treatment groups, max 73% (160 mg), min 51% 320 mg. **Average for all
bimekizumab treatment groups, max 46% (160 mg loading dose), min 24% 320 mg. ***Average for all bimekizumab treatment groups, max 77% (160 mg loading dose), min
45% 16 mg. ****Average for all bimekizumab treatment groups, max 54% (160 mg loading dose), min 21% 16 mg.
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(QoL) in PsA were used on 206 patients from the BE ACTIVE
trial. Rapid improvement was registered by week 12 and this
response was sustained up to 48 weeks. Better QoL was
associated with the better clinical outcomes reported in that
study.2526

Open-Label Extension Study (OLE)

Results from the 108 weeks of follow-up in the open-label
extension study of BE ACTIVE (BE ACTIVE2,
NCTO03347110) have been recently presented.””*® All
patients who completed all 48 weeks of the BE ACTIVE
trial were enrolled and switched to the 160 mg dosing regard-
less of previous treatment dose regimen. Over 108 weeks (an
additional 60 weeks of OLE study over the 48 of the original
BE ACTIVE trial) there was a 66.7% and 75.4% ACR 50 and
body surface area (BSA) 0% response, respectively.
Dactylitis and enthesitis were also significantly improved
completely resolving in 65.9% and 77.9% of patients,
respectively.”’ Regarding week 12 responders, ACR20/50/
70 and BSA 0% responses were maintained until week 108 in
80/78/81% and 72%, respectively.”” MDA/VLDA responses
and DAPSA remission were maintained by 81/72/76% of
Week 12 responders, respectively, to Week 120 (MDA/
VLDA), and Week 108 (DAPSA remission).

Bimekizumab in PsA - Safety
Phase |

Over 90% of reported adverse events, in both arms, were
mild or moderate. In the treatment arm, two fungal infec-
tions (oropharyngeal and vulvovaginal candidiasis) were
reported, both treated with oral medication. There was no
increased incidence of other infections. There were no
deaths or severe adverse events resulting from treatment,
and no patient discontinued bimekizumab.’

Phase |l

No difference was found in the frequency of adverse events
between placebo and treatment arms by week 12 in the BE
ACTIVE trial. After reallocation (after week 12) and up to
the 48 weeks of the trial 151 (74%) of the total 204 patients
who ever received bimekizumab reported some AE (expo-
sure adjusted incidence rate 166.8/100 patient-years). Most
AE were mild or moderate (the most frequently reported
were nasopharyngitis and upper respiratory tract infections)
and there was no direct association with bimekizumab dose.

Nine patients (8 of which received bimekizumab) had
serious adverse effects. These included one patient with

drug-induced liver injury. Another patient also had severe
liver enzyme elevation. Both had been given the 320 mg
dosing. From the hepatic point of view, the other 11 patients
were noted to have increased liver enzymes (>3x ULN).
There was no relation with bimekizumab dose, and most
were on DMARDs and one was on TB prophylaxis. At
least two serious adverse events were related to infections
across the entire study period (28 weeks) — 1 hepatitis
E infection, 1 cellulitis (both with the 160 mg dosing). Non-
severe Candida infection was reported in 7% of the patients,
none led to treatment discontinuation. Other serious AEs
reported were melanoma in situ (160 mg), suicidal ideation
(160 mg loading dose), and neutropenia (320 mg dosing)
(only in one patient each).'® In summary, this safety profile
overlaps with those of other anti-IL17 therapies.*’

In the OLE study, at week 108, serious adverse events
occurred in 9.3% of patients (no deaths or major adverse
cardiac events) and a total of 8.8% of patients withdrew from
the study due to side effects. Full publication is still pending
but the authors share that the safety profile observed in the
OLE study reflected previous observations.*’

Discussion

Dual inhibitor antibodies represent a novel therapeutic
strategy, and a logical extension of the success monoclonal
antibodies has had over the last couple of decades.

Here we review the most recent information on IL-17A
and F inhibition in psoriatic arthritis through the first-of-its
-class bimekizumab, a dual inhibitor of both cytokines.

The importance of the IL-17 pathway in psoriatic arthritis,
already suggested by preclinical data, was reinforced by the
excellent results obtained by secukinumab®® or ixekizumab®'
in the control of the disease in the last few years.

Indeed, IL-17 seems to be involved in all of the clinical
domains of psoriatic arthritis. In preclinical trials, it has
been shown that both IL-17A and F are capable of indu-
cing pro-inflammatory cytokines, like IL-8 or IL-6, in
3 and that this
activation was greatly suppressed by blocking both these

synoviocytes, periosteum and the skin,

cytokines simultaneously. Research is expanding on the
differential role of IL-17F in different environments,lg’21
compared with the more studied IL-17A, as well as possi-
ble alternative signaling pathways.?* Taken together these
findings could potentially explain different clinical pheno-
types in PsA and treatment responses to anti-IL17A (secu-
IL-17RA  (brodalumab)

inhibitors furthering support for the use of dual cytokine

kinumab, ixekizumab) and

blockade such as with bimekizumab (Figure 1).
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Phase II trials, specifically BE ACTIVE results, have
been encouraging. Bimekizumab has shown to be rela-
tively fast-acting, with initial improvements detected by
week 8 and well established by week 12. Additionally, at
a dose of 160 mg every 4 weeks, bimekizumab has shown
to be capable of retaining this level of response in a high
percentage of patients for at least 2 years. These results are
independent of prior exposure to anti-TNF therapy.'’

As with all new drugs, there are still pending questions
regarding its optimal use. In BE ACTIVE,' in which
patients received four different dosages through the first
12 weeks, the 160 mg seemed most effective. The initial
lower response in the 320 mg group might have been
produced by a higher proportion of refractory patients in
which bimekizumab took longer to work. This impression
is reinforced, in the author’s opinion, by the fact that
response rates were different as early as week 4 in both
160 mg (loading dose) and 320 mg dose groups although
by that time period both groups had received the same
dose. Co-medication was balanced between both groups.

Whichever dose proves best, these results were achieved
with mostly mild side-effects that did not lead to treatment
discontinuation — most commonly nasopharyngitis, upper
respiratory infections and candidiasis. Overall the available
data have not revealed any unexpected adverse events.
Nonetheless, the number of patients included in the trials is
still small. Thirteen out of the 204 patients (6,4%) receiving
any dose of bimekizumab in the BE ACTIVE trial had some
hepatic adverse effect, raising the need for attentive monitor-
ing by treating physicians. Co-medication needs to be well
pondered in this setting as well, but if real-world outcomes of
bimekizumab prove as beneficial as in the trials there might be
a reduced need for concomitant use of other DMARD:s.
Although IL-17F has been shown to be associated with
increased susceptibility in many forms of human cancer, it
has shown a protective role in colon tumorigenesis in

3233 mainly by regulating tumor angiogenesis.® Longer

mice,
and bigger trials will be needed to fully ascertain the safety of
bimekizumab.

Overall the available results for this new therapeutic option
in psoriatic arthritis are encouraging, although it is still early to
completely understand the added value offered by bimekizu-
mab. As of yet, however, there are no head-to-head trials
directly comparing it to other treatment options in PsA. Anti-
IL17A monoclonal antibodies have been evaluated against
other therapies, such as anti-TNF inhibitors in the treatment

of PsA with mixed results (using different endpoints).***>

Right now we can only look to early reports from the more
advanced Phase 3 trials in psoriasis, where bimekizumab was
first studied, which already encompass hundreds of patients
and compare bimekizumab with other biologics. A head-to-
head comparison with ustekinumab was recently published*®
involving 567 patients (321 randomized to bimekizumab, 163
to ustekinumab and 83 to a placebo arm that was switched to
bimekizumab at week 16). Using a 320 mg dose of bimekizu-
mab every 4 weeks (and not the 160 mg shown in BE
ACTIVE to be the most efficacious in PsA) bimekizumab
was superior to ustekinumab (85% vs 49.7% PASI 90
responses at week 16, p<0.001). This response was also sus-
tained throughout the 52-week duration of the study (81.6% vs
55.8%, p<0.001). Similar responses (86.2% vs 47.2% PASI 90
at week 16, p<0.001) in the BE SURE trial comparing bime-
kizumab (320 mg every 4 weeks or 320 mg until week 16 and
then every 8 weeks) and adalimumab (80 mg week 0, 40 mg
week 1 and every 2 weeks) were recently presented.’’
Switching adalimumab patients to bimekizumab resulted in
increased response rates, comparable to rates in bimekizumab-
randomized patients at week 56. UCB, the company develop-
ing bimekizumab, have also reported the superiority of bime-
kizumab against secukinumab.*®

If nothing else, bimekizumab is a proof-of-concept for
a novel avenue in treating inflammatory diseases. Up until
now the clinical practice in inflammatory diseases has been
to steer clear of the combination of monoclonal antibodies.
The results of the trials reported here using bimekizumab to
simultaneously inhibit two cytokines, even if related ones,
are an important reminder of the redundant and overlapping
nature of the immune system and of the multiple pathways
through which one arrives at inflammatory disease.

As of yet, however, there are no head-to-head trials
directly comparing bimekizumab to conventional
DMARDS or other bDMARD:s in PsA although the results
reported here seem encouraging. Upcoming trials (see
Table 2) will hopefully fill this gap in knowledge.

Conclusion

Psoriatic arthritis can be a severe and disabling disease.
Although improvements in its treatment have been
achieved in the past decade, its pathogenesis is not com-
pletely known, and its treatment is still difficult particu-
larly throughout all disease domains.

The IL-17 pathway has been implicated in disease
pathogenesis and targeting IL-17A with secukinumab and
ixekizumab has shown good results, although there is still
a large proportion of patients that respond only partially.
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Table 2 Ongoing Trials of Bimekizumab in Psoriatic Arthritis

Registration | Study Name Objective Completion Date | Enrolled Patients
(Expected) (Expected)
NCTO04109976 Randomized, open-label comparison between safety syringe January 2021 200
and autoinjector for delivery of drug
NCTO03896581 | BECOMPLETE | Efficacy and safety vs placebo in anti-TNF inadequate- December 2021 390
responders
NCT03895203 | BEOPTIMAL Efficacy and safety vs adalimumab August 2022 840
NCT04009499 | BEVITAL Safety (incident AE) May 2025 1045

Abbreviation: AE, adverse effects.

The simultaneous blockade of both IL-17A and IL-17F
seems to have a synergistic benefit, with IL-17F inhibition
contributing with a differentiated role in both osteogenesis
and skin inflammation, important domains of PsA.
Bimekizumab uses a novel approach to biologic treat-
ment in psoriatic arthritis through dual cytokine blockade.
Mounting evidence from early trials has shown a good safety
and efficacy profile, with rapid onset and sustained response,
with results now extending to 108 weeks of follow-up.
Moreover, clinical trials in skin psoriasis have also shown
that bimekizumab is highly effective, confirming the impor-
tance of inhibiting these two cytokines in psoriatic disease.
In the near future, phase III trials will help to better
understand the potential of bimekizumab in the treatment of

psoriatic arthritis.
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