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ABSTRACT

The pathogenesis of rheumatoid arthritis (RA) is characterised by
interactions between several types of immune cells, which are associated
with the release of multiple inflammatory cytokines. Recently, numerous
biologic treatments targeting classes of immune cells, cytokines or intra-
cellular pathways of pro-inflammatory signals have been developed. Some
of them are currently under research as potential therapeutic options for
RA patients. This chapter reviews the available evidence regarding the
safety and efficacy of new biologic agents targeting B cells,
proinflammatory interleukins (IL), T helper 17 (Th17) pathway and
intracellular enzymes. This chapter reviews the most relevant randomised
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controlled trials (RCTs) which have proven the efficacy of different
biologic agents and small molecule inhibitors in controlling the
inflammation associated with RA. The management of RA remains a
dynamic and evolving field. The development of less expensive
‘biosimilar’ drugs, analogous to existing licensed biologic therapies, is an
emerging area of research that deserves particular attention.
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INTRODUCTION

Following the therapeutic success of biologic agents targeting B cell
depletion and IL6 inhibition, the research in the field of rheumatology led to the
discovery of other biologic agents with similar targets, but different mechanisms
of action, properties and dose regimens. In addition, new biologic pathways,
such as the Th17/IL17 pro-inflammatory pathway and blockage of intracellular
enzyme activation or other pro-inflammatory interleukins were tested in patients
with RA, and showed promising results. As the cost-effectiveness of biologic
agents is a limiting factor for their widespread use, additional interest was
directed into developing biosimilars of the already licensed biologic treatments
for RA.

B CELL DEPLETION THERAPY (ANTI CD-20)

Ofatumumab

Ofatumumab is a fully human anti-CD20 monoclonal antibody (mAb). A
joint phase I/II study investigated the safety and efficacy of ofatumumab in
active RA patients who had not had an adequate response to one or more disease
modifying anti-rheumatic drugs (DMARDs). A proportion of 70% of patients
had a moderate or good European League against Rheumatism (EULAR)
response and there were no significant safety concerns [1].

A phase I RCT in biologic-naive patients looked at the effect of
ofatumumab, 700mg intravenously (IV) given two weeks apart, in combination
with methotrexate (MTX). At week 24, ofatumumab achieved statistically
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significant American College of Rheumatology (ACR) 20 responses of 50%
compared to a 27% placebo response (P<0.001). The most common adverse
events (AEs) were rash and urticaria, especially on the first infusion day. First
dose infusion related reactions were significantly higher at 68% vs. 6% placebo;
however, this rate of AEs for the active drug was markedly reduced to <1% with
the second infusion. There were no episodes of immunogenicity [2].
Ofatumumab has a unique binding site (epitope) on the human CD20 molecule,
compared to other antiCD20 mAbs including rituximab. The membrane
proximity of this epitope likely accounts for the greater efficacy of complement
activation and B cell depletion observed with ofatumumab [3].

Other phase III trials were prematurely terminated as the sponsor wanted to
refocus clinical development on subcutaneous (SC) preparations rather than IV
delivery, with the aim of achieving a slower rate of absorption and B cell
depletion with subsequent fewer infusion reactions [4-5]. A phase I/II trial of
SC ofatumumab has shown efficacy at low doses with mild to moderate infusion
reactions with higher doses [6].

Ocrelizumab [Table 1]

Ocrelizumab is a humanized mAb that selectively targets CD20 positive B
cells. Like rituximab, it is also given as 2 infusions 2 weeks apart.

Clinical trials of ocrelizumab, in combination with MTX, in patients with
an inadequate response to MTX monotherapy [7]; and of ocrelizumab, in
combination with either MTX or leflunomide, in patients with an inadequate
response to tumour necrosis factor (TNF) blockers [8] were completed. Both
trials showed statistically significant (P<0.0001) improvement in all ACR
responses, disease activity score 28 (DAS28) remission, and clinically
meaningful improvement in health assessment questionnaire disability index
(HAQ-DI) scores, compared to placebo.

In inadequate responders to TNF inhibitors, 200mg dosing vs. 500mg
dosing was associated with ACR20 responses at week 24 of 42.2% and 47.9%
respectively, in comparison to a placebo response of 22%. All ACR responses
were sustained at week 48. The 500mg dosing regimen showed superiority with
a statistically significant reduction in radiographic progression of 61%
(P=0.0017). AEs were of similar frequency between all groups, serious
infections were more common in the ocrelizumab group. The most common
AEs were infusion related reactions with 19.1% in the 200mg group and 23.8%
in the 500mg group.
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A Japanese study of ocrelizumab and MTX combination therapy in patients
who had failed MTX monotherapy was terminated early due to an increased
incidence of serious infection, including Pneumocystis jiroveci, in the
ocrelizumab group [9].

As a consequence of the above studies not showing significant benefit over
existing biologics, including rituximab, a decision was made not to further
investigate ocrelizumab as a treatment for RA [7]. Further studies continue to
see if ocrelizumab may be of benefit in multiple sclerosis and other immune
mediated conditions.

Table 1. Anti-CD20

Duration, type of study,
treatment, number of Main results
patients (N)
Genovese 48 week RCT of ocrelizumab Week 24 ACR20, change
etal. 2015 IV with MTX or leflunomide from baseline in HAQ-DI

Author/Date
published

(SCRIPT) Group 1: ocrelizumab scores
200mg x2 Group 1: 42.2%, 52.3%
Group 2: ocrelizumab Group 2: 47.9%, 58.5%
500mg x2 Group 3: 22%, 32.9%

Group 3: placebo

Legend: ACR 20 — American College of Rheumatology 20% response criteria; HAQ-DI
— health assessment questionnaire — damage index; IV — intravenously; N — number
of patients; RCT — randomised controlled trial.

Veltuzumab

Veltuzumab is a humanized anti-CD20 mAb. A phase II RCT of
veltuzumab, in patients who had failed either MTX or MTX in combination with
TNF inhibitors, was terminated for study re-design with no safety issues having
been identified. No results have been posted [10]. Delays in production leading
to termination of licensing agreements have been reported in the press.
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ANTI-CD4

Tregalizumab

CD4+CD25+ regulatory T cells are vital for maintaining autoimmune
tolerance. The humanized CD4-specific mAb, tregalizumab, activates T
regulatory cells by binding to CD4 and activating downstream pathways [11].

A 6 week phase I/Ila dose escalation trial of tregalizumab monotherapy in
RA patients with an inadequate response to DMARDs showed a meaningful
improvement in ACR20/50/70 responses [12]. Numerical results are not
available. However, a subsequent 24 week phase IIb study failed to reach its
primary endpoint and the trial was terminated [13].

ANTI-CDS52

Alemtuzumab

Alemtuzumab (CAMPATH-1H) is an anti-lymphocyte humanised
immunoglobulin (Ig) G1 mAb, directed against the surface antigen CD52,
which is present on all lymphocytes and some monocytes.

A phase I trial of alemtuzumab in RA was terminated early due to concerns
over toxicity, primarily severe adverse events (SAEs) [14]. There was one death
due to opportunistic infection and one episode of haemolytic uraemic syndrome.
Efficacy was assessed by modified Paulus criteria. A 50% Paulus response
required four out of six of the following: > 50% improvement in tender joint
score, swollen joint score, early morning stiffness, erythrocyte sedimentation
rate (ESR) or C reactive protein (CRP) and/or >2-point improvement in patient
global assessment or physician global assessment. Three out of five patients
with a disease duration of < 3 years achieved a 50% Paulus response for 6
months. Only 4 out of 30 with a disease duration of > 3 years achieved this same
end point (P=0.07) [15].

RA patients at 12 year follow up continued to have long-term alterations in
lymphocyte subsets compared to age-matched disease controls. The clinical
significance of this remains uncertain however vaccine responses were within
normal limits [16]. Due to a lack of efficacy over already available licensed
biologics, alemtuzumab was not developed further as a treatment for RA.
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INTERFERON BETA 1o

Interferon beta 1a is a cytokine shown to reduce synovial inflammation by
inhibition of TNF and IL1f secretion, whilst also increasing production of the
IL1 receptor antagonist [17-18]. A 6 month phase II trial of three times weekly
SC interferon beta-1a injections, in combination with MTX, did not show any
clinical or radiological benefit [19].

ANTI-GRANULOCYTE COLONY MACROPHAGE
STIMULATING FACTOR (GM-CSF) [TABLE 2]

Mavrilimumab is a fully human mAb targeting the alpha subunit of the GM-
CSF receptor. GM-CSF is thought to modulate the pathogenesis of RA through
the activation and differentiation of neutrophils and macrophages.

A 12 week, phase II study RCT investigating mavrilimumab and MTX
combination therapy in patients with an inadequate response to MTX showed
efficacy of all mavrilimumab doses, with success in achieving the primary end
point of >1.2 decrease in DAS28-CRP (41-66.7% versus placebo response of
34.7%. The highest mavrilimumab dose, 100mg SC every fortnight, also
significantly improved DAS28 scores, all ACR categories and HAQ-DIL.

Table 2. Anti-GMCSF

Author/Date Duration, type of study, treatment, .
published number of patients (N) Main results
Burmester 12-week, phase Il randomised, double >1.2 decrease in DAS28-
etal. 2013 blind, placebo-controlled trial. CRP at week 12:
Group 1: 10mg mavrilimumab SC
every fortnight (N = 39) Group 1:41%
Group 2: 30mg mavrilimumab SC Group 2: 61%
every fortnight (N = 41) Group 3: 53.8%
Group 3: 50mg mavrilimumab SC Group 4: 66.7%
every fortnight (N = 39) Group 5: 34.7%
Group 4: 100mg mavrilimumab SC
every fortnight (N = 39)
Group 5: Placebo (N =75)

Legend: DAS28-CRP- disease activity score assessing 28 joints and the C reactive
protein; N — number of patients; SC — subcutaneously.
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AEs were mild to moderate with the most common being a reduction in
diffusing capacity of the lungs for carbon monoxide (DLCO) >20% from
baseline, nasopharyngitis and upper respiratory tract infections [20]. Similar
findings were found in a Japanese cohort of patients [21]. Results are currently
pending from a trial of mavrilimumab versus golimumab [22].

INTERLEUKIN 12/23 [TABLE 3]
Ustekinumab (Stelara™, Janssen) and Guselkumab

Ustekinumab acts against the p40 subunit of both IL12 and IL23, whereas
guselkumab is specific to the p19 subunit of IL23 [23].

A phase II RCT evaluating the anti 1L12/23 agents ustekinumab and
guselkumab in patients with active RA, despite concomitant MTX therapy, has
not shown any statistically significant efficacy [24]. The AE rate was similar
between active and placebo groups.

Table 3. Anti IL12/23

Author/Date Duration, type of stud)‘f, '
. treatment, number of patients Main results
published N)

Smolen et al. | A 28-week phase II, randomized, ACR20 at week 28:

2015 double blind, placebo-controlled, Group 1: 52.7%
parallel-group trial. Group 2: 54.5%
Group 1: 90mg ustekinumab Group 3: 44.4%
8 weekly (N = 55) Group 4: 38.2%
Group 2: 90mg ustekinumab Group 5: 40%
12 weekly (N = 55) Not statistically
Group 3: 200mg guselkumab significant
8 weekly (N = 54)
Group 4: 50mg guselkumab
8 weekly (N = 55)
Group 5: Placebo (N = 55)

Legend: ACR 20 — American College of Rheumatology 20% response criteria; N —
number of patients.
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INTERLEUKIN 15

IL15 is produced in RA synovium. Treatments given to block IL15 have
suppressed IL15 dependent T cell lines and induced apoptosis. CD3+ T cell
subsets expressing CD69 have also been reduced. CD69 is a marker of T cell
activation, thereby implying that IL15 is partially involved in T cell activation
in the synovium [25].

HuMax-IL15 is a high-affinity, fully human IgG1 anti—IL15 mAb generated
in human Ig—transgenic mice.

A phase I-II, 12 week, proof of concept study of HuMax-IL15 SC
monotherapy in 30 patients showed an ACR20 response in 63% [25]. Side effect
profile was similar to other biologics, with reports of mild injection site
reactions, transient pyrexia, upper respiratory tract infections and influenza like
symptoms. No further studies have been published.

INTERLEUKIN 17 [TABLE 4]

The interleukin-17 (IL17)/IL17 receptor (IL17R) family have an important
role in the pathogenesis of RA. Mouse models for inflammatory arthritis
demonstrated that blocking endogenous IL17A suppresses arthritis
development and joint damage [26]-[28]. Agents that directly target IL17A or
its receptor are currently available, and have been tested in several autoimmune
rheumatic diseases.

Table 4. Anti IL17

Author/Date | Duration, type of study, treatment, number of .
published patients (N) Main results
Hueber et al. 16 week, randomised, placebo controlled trial. ACR20 Results
2010 Group 1: secukinumab 10mg/kg (N = 26) Group 1: 54%
Group 2: placebo (N = 26) (P=0.8)

Group 2: 31%

Genovese
etal. 2010

52 week phase II randomised, double blind, and
placebo-controlled, dose-finding trial.

Group 1: 300mg SC secukinumab (N = 41)
Group 2: 150mg SC secukinumab (N = 43)
Group 3: 75mg SC secukinumab (N = 49)
Group 4: 25mg SC secukinumab (N = 54)
Group 5: Placebo (N = 50)

ACR20 Results:
Group 1: 53.7%
Group 2:46.5%
Group 3:46.9%
Group 4: 34%
Group 5: 36%
Not statistically
significant
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Genovese 16 week Phase I randomized, double-blind, ACR20 Results at
etal. 2010 placebo-controlled, proof-of-concept trial. week 10 (primary
Group 1: 0.2mg/kg ixekizumab (N = 19) endpoint):
Group 2: 0.6mg/kg ixekizumab (N = 20) Group 1: 73.7%
Group 3: 2mg/kg ixekizumab Group 2: 70%
(N =20) Group 3: 90%
Group 4: Placebo (N = 18) (P<0.05)
Group 4: 55.6%
Genovese 12 week phase I randomized, double blind, ACR20 Responses:
etal 2014 placebo-controlled, dose-ranging trial. BIOLOGIC NAIVE
BIOLOGIC NAIVE Group 1: 45%
Group 1: 3mg SC ixekizumab (N = 40) Group 2: 43%
Group 2: 10mg SC ixekizumab (N = 35) Group 3: 70%
Group 3: 30mg SC ixekizumab (N=37) (P=0.001)
Group 4: 80mg SC ixekizumab (N = 57) Group 4: 51%
Group 5: 180mg SC ixekizumab (N = 37) Group 5: 54%
Group 6: Placebo (N = 54) Group 6: 35%
ANTI-TNF INADEQUATE RESPONDERS (P=0.001 for 30mg
Group 1: 80mg SC ixekizumab (N = 65) group, P=0.031 for
Group 2: 180mg SC ixekizumab (N = 59) all other groups)
Group 3: Placebo (N = 64) ANTI-TNF
INADEQUATE
RESPONDERS

Group 1: 40%
Group 2: 39%
Group 3: 23%
(P<0.05 for all

groups)
Martin et al. 85 day phase 1b randomized, double blind, ACR20 Results at
2013 placebo-controlled, multiple-dose trial. Day 85:
Group 1: 50mg SC brodalumab (N = 6) Group 1: 33%
Group 2: 140mg SC brodalumab (N = 6) Group 2: 33%
Group 3: 210mg SC brodalumab (N = 6) Group 3: 17%
Group 4: 420mg IV brodalumab (N = 6) Group 4: 33%
Group 5: 700mg IV brodalumab (N = 6) Group 5: 67%
Group 6: Placebo SC (N = 6) Group 6: 33%
Group 7: Placebo IV (N =4) Group 7: 0%
Not statistically
significant
Pavelka 12 week randomized, double blind, placebo- ACRS50 at week 12:
etal. 2015 controlled, multiple-dose trial of brodalumab (N Group 1: 16%
=189) vs. placebo (N = 63). Group 2: 16%
Group 1: 70mg SC brodalumab Group 2: 140mg Group 3: 10%
SC brodalumab Group 4: 13%
Group 3: 210mg SC brodalumab Not statistically
Group 4: placebo SC significant

Legend: ACR20 — American College of Rheumatology 20% response criteria; ACR50
— American College of Rheumatology 50% response criteria BD — twice daily; IV —
intravenously; N — number of patients; SC — subcutaneously; TNF — tumour necrosis
factor.
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Secukinumab is a highly selective, fully human immunoglobulin Glk
(IgG1k) mAb directed against the IL17A cytokine. Ixekizumab, a humanised
IgG4 anti-IL17A mAb, and brodalumab, a fully human IgG2 anti-IL17RA mAb,
are also in clinical development and have shown efficacy in autoimmune disease
[29-30].

Secukinumab

The first human study of secukinumab was a 16-week RCT where patients
received 2 doses of secukinumab at week 0 and 3 versus placebo. The study
achieved the primary endpoint, with 54% of patients achieving the ACR20
responses at week 16, compared with 31% in the placebo arm [31].

A phase I RCT did not reach its primary endpoint of achieving a
statistically significant ACR20 response at week 16 in the active treatment
group compared with placebo [32]. No statistical significance was reached in
the HAQ-DI scores comparison between the secukinumab and placebo groups,
although there was a greater reduction from baseline in the secukinumab group.
The reported rate of AEs was similar between the secukinumab and placebo
groups with infection rates not being dose-dependent. The most common
infections were nasopharyngitis, upper respiratory tract infection, sinusitis and
urinary tract infection. There were no reported cases of immunogenicity.

There are two-phase III secukinumab trials currently in different stages of
progress. Both studies are looking at short and long-term efficacy, safety and
tolerability of 75 mg and 100 mg secukinumab versus placebo in patients with
active RA with an inadequate response to anti-TNF. NURTURE 1, is a RCT
with up to one year follow up, which was completed in February 2015 and has
pending results [33]. REASSURE 1 study, with up to two years follow up, is
estimated to be completed in October 2016 [34].

Ixekizumab

The tolerability and efficacy of ixekizumab, in RA patients taking
background oral csDMARD:s, has been evaluated in a phase I RCT. Variable
SC doses (0.2, 0.6, 2mg/kg) were given every 2 weeks for a total of 5 doses
followed by a 16 week evaluation period. ACR20 responses in 90% of patients
(statistical significance p < 0.05) were reached at week 10 with the 2mg/kg dose.
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AEs in the ixekizumab groups were not dose related. Leucopenia and vertigo
were the most common. AEs in the combined ixekizumab group each occurred
in 6.8% of patients. Anti-ixekizumab antibodies were detected in 2 patients with
no change in AE or pharmacokinetics. One patient was deemed to have a type
III immune mediated reaction [35].

A 12-week phase II RCT investigated the efficacy of ixekizumab in RA
patients who were biologic naive or had a prior inadequate response to anti-
TNF. ACR20 responses across all varying dose ixekizumab groups were
statistically significant in the active treatment arms, with no apparent linear dose
response. AEs were of similar frequency with the most common being
headache, urinary tract infections (UTIs) and injection site pain/erythema [36].

Brodalumab

A phase 1b [37] and phase II trial [38] have not shown any clinical benefit
of brodalumab in RA, and therefore no further clinical trials to assess its efficacy
were planned.

INTERLEUKIN 18 (IL18)

IL18 is a cytokine shown to induce chronic inflammation with downstream
production of other cytokines such as TNF and GM-CSF [39-40]. Caspase 1 is
a protein involved in the cleavage of the IL18 precursor. IL18 has been detected
in the synovium of RA patients [40-41]. Arthritis mouse models had more
severe disease when primed with IL18 [39], and had reduced disease when IL18
effects were blocked [42]. RA patients have been shown to have high serum
levels of IL18, which decreased following treatment with MTX [43]. Phase I
trials of a soluble IL18 binding protein, in healthy volunteers and RA patients,
displayed dose-dependent pharmacokinetics with a favourable safety profile
[44]. A phase Il trial investigating an inhibitor of caspase 1, pralnacasan, showed
poor results and was terminated due to an animal study showing liver
abnormalities [45]. Clinical trials investigating the blockade of IL18 and its
receptor are currently in progress in inflammatory disease other than RA.
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INTERLEUKIN 20 (IL20)

IL20 and its receptors are upregulated in the synovium of RA patients.
Activated monocytes and dendritic cells are the main sources of 1L20 via the
p38 MAP kinase and nuclear factor — kB (NF-xB) pathway.

NNCO0109-0012 is a SC selective anti—IL20 recombinant human mAb that
targets and neutralises IL20. A phase Ila proof of concept trial was designed to
assess the efficacy, safety, and tolerability of NNC0109-0012 in patients with
an inadequate response to MTX [46]. ACR20 responses were found in 59% of
patients with efficacy also shown in DAS28-CRP and HAQ-DI parameters.
Tolerability profile was acceptable and similar to other biologics.

Subsequent phase IIb trials were terminated/withdrawn as primary and
secondary endpoints were not met.

INTERLEUKIN 21 (IL21)

IL21 is produced by activated CD4+ T cells and induces activation of T
cells and pro-inflammatory cytokine secretion in RA. IL21 expression correlates
with Th17 cell presence in synovial fluid and peripheral blood of RA patients
[47-48]. The IL21 receptor has been shown to be produced in RA synovium
[49]. Improvement in arthritis has been seen in RA animal models where the
IL21/IL21 receptor pathway has been blocked [50].

Phase I and II trials have been conducted in RA patients with results yet to
be posted [51-53].

PHOSPHODIESTERASE 4 INHIBITORS
Apremilast (Otezla™, Celgene) [Table 5]

Apremilast is an oral phosphodiesterase 4 inhibitor involved in the
inhibition of anti-TNF and other cytokines.

Apremilast has not been shown to be an effective treatment for patients with
RA. A phase II study was terminated early due to lack of clinical efficacy [54].
The rate of AEs was similar between the 20mg twice daily (BD) and 30mg BD
treatment groups. Diarrhoea and nausea were the most commonly reported AEs.
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Weight loss greater than 5% was seen at a higher rate in the apremilast treatment
groups compared to placebo.
A second phase II trial was completed in 2014 with results yet to be

published [55].

Table 5. Apremilast

Duration, type of study,

parallel-group trial.
Group 1: 20mg BD PO
apremilast (N = 82)
Group 2: 30mg BD PO
apremilast (N = 76)

AuthO.r /Date treatment, number of Main results
published patients (N)

Genovese 24b week phase 11, double 24 week ACR20, mean

etal. 2015 blind, placebo-controlled, change from baseline in

HAQ-DI, and total SHS
results:

Group 1: 19.5%, -0.08, 0.34
Group 2: 27.6%, -0.23, 1.47
Group 3: 24.1%, -0.07, 0.47

Group 3: Placebo (N =79)

Legend: ACR 20 — American College of Rheumatology 20% response criteria; BD
— twice daily; HAQ-DI — health assessment questionnaire — damage index; OD
— once daily; N — number of patients; PO — oral administration; SHS -Sharp/van
der Heijde score.

SMALL MOLECULE INHIBITORS

JANUS KINASE INHIBITORS [TABLE 6]

Baricitinib

Baricitinib is a once-daily, oral, selective Janus kinase (JAK1 and JAK?2)
inhibitor. The results of 3 phase III trials have been presented at European and
American rheumatology conferences in 2015, and are due to be formally
published in the near future. These studies have assessed baricitinib to be
effective as both monotherapy (RA-BEGIN) [56], and in combination therapy
with csDMARDs (RA-BEACON/BUILD) [57-58], in patient groups with an
inadequate response to csDMARDs [58] or anti-TNF therapies [57], and limited
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or no prior csDMARD:s or biologics exposure [56]. HAQ-DI questionnaire and
total Sharp score (TSS) were also statistically improved in the active treatment
arm. Baricitinib 4mg daily was more effective than 2mg daily dosing.
Preliminary reports stated that in a head to head study, baricitinib had shown
greater efficacy than adalimumab in patients with an inadequate response to
MTX and no prior exposure to biologic therapy (RA-BEAM) [59]. AE rates
were similar between baricitinib treatment groups. Recruitment to a long term
extension study is still in progress (RA-BEYOND) [60].

Dercenotinib

Dercenotinib is a Janus kinase inhibitor with a five times increased
selectivity for JAK3 compared to other JAKs. A phase Ila, 12 week dose-finding
RCT of dercenotinib monotherapy [61] in RA patients with an inadequate
response to MTX, have shown a statistically significant ACR20 response rates
in the active treatment group, in the order of 65% at doses of 50-150mg twice
daily. A phase IIb 24 week RCT of dercenotinib therapy in combination with
MTX [62] in patients with similar demographics to the phase Ila study, also
showed similar statistically significant ACR20 responses in the patient groups
treated with 150mg daily and 100mg twice daily.

The mean change from baseline in the DAS28-CRP outcome measure for
both studies, and HAQ-DI scores for the Ila study, were also statistically
significant in the patient group treated with higher doses. Overall AEs and SAEs
were comparable between groups, with a slight preponderance for groups taking
higher doses. The most common AEs were headache, nausea, increased
infections, liver enzymes and lipids.

Filgotinib

Filgotinib is a selective JAK1 inhibitor. Pharmacokinetic studies have
provided evidence of filgotinib efficacy. Two trials using varying doses of
filgotinib were conducted in healthy male volunteers [63]. Early clinical data
suggested the pharmacokinetics of filgotinib was dose proportional up to
200mg. The maximum pharmacodynamic effect was reached at a daily dose of
200 mg. Dose finding phase IIB studies, of a daily dose range up to 200 mg, are
currently under way for monotherapy (DARWIN2) and combination therapy
(DARWINI).
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Table 6. Janus Kinase Inhibitors

Author/Date Duration, type of study, treatment, Main results
published number of patients (N)
Genovese 24 week randomised control trial. 12 week ACR20, and
etal. 2015 Group 1: 2mg OD PO baricitinib HAQ-DI scores
RA- (N=174) Group 1: 49%, 59
BEACON Group 2: 4mg OD PO baricitinib Group 2: 55%, 67
N=177) (P<0.001)
Group 3: Placebo (N =176) Group 3: 27%, 43
Dougados 24 week randomised control trial. 12 week ACR20, and
etal. 2015 Group 1: 2mg od PO baricitinib HAQ-DI scores, 24
RA-BUILD (N =229) week mTSS
Group 2: 4mg od PO baricitinib Group 1: 66%
N =227) (P<0.001), 64
Group 3: Placebo (N =228) (P<0.01), 0.33
(P<0.05)
Group 2: 62%
(P<0.001), 69
(P<0.01), 0.15
(P<0.01)
Group 3: 40%, 54,
0.7
Fleischmann 52 week randomised control trial. 24 week ACR20
etal 2015 Group 1: methotrexate (N = 210) results
RA-BEGIN Group 2: 4mg od PO baricitinib (N =159) | Group 1: 62%
Group 3: 4mg od PO baricitinib + Group 2: 77%
methotrexate (N = 215) Group 3: 78%
Fleischmann 12 week randomized, double blind, Week 12 ACR20,
etal. 2015 placebo-controlled, dose ranging trial. HAQ-DI change
Group 1: 25mg decernotinib BD from baseline results:
(N=41)
Group 2: 50mg decernotinib BD (N =41) Group 1: 39%, -0.24
Group 3: 100mg decernotinib BD (N =40) | Group 2: 61.0%
Group 4: 150mg decernotinib BD (N =41) | (P=0.007),
Group 5: Placebo (N =41) -0.50 (P<0.001)
Group 3: 65.0%
(P=0.002),
-0.52 (P<0.001)
Group 4: 65.9%
(P=0.002), -0.64
(P<0.001)
Group 5: 29.3%,
P not available

Legend: ACR 20 — American College of Rheumatology 20% response criteria;
BD - twice daily; HAQ-DI — health assessment questionnaire — damage index; OD
— once daily; N — number of patients; PO — oral administration.
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SPLEEN TYROSINE KINASE (SYK) INHIBITORS

Syk is involved in transmitting signals from classical immunoreceptors such
as B- and T cell-receptors on lymphocytes, as well as Fcy- and Fce-receptors on
myeloid cells and mast cells. Deletion or inhibition of Syk reduces antibody
production and inhibits antibody-independent functions of B cells, such as B
cell-mediated antigen presentation to T cells [64]. Consequently drugs that
inhibit the ATP or the substrate binding P site of Syk have been developed [65],
aiming to reduce the inflammatory responses.

Fostamatinib

A 52 week, phase III RCT into varying doses of fostamatinib in
combination with MTX showed statistically significant improvements in
ACR20 responses (44-49%, compared to 34.2% placebo response), but no
clinical significance was demonstrated overall [66]. There were no significant
positive radiographic outcomes with fostamatinib. The clinical response was
less than expected as earlier phase II trials had shown ACR20 response rates
ranging from 57% to 72% [67-68]. Other ongoing trials of fostamatinib were
subsequently terminated. A similar side effect profile was shown across the
phase II and II trials with the most common side effects being hypertension,
diarrhoea and increased hepatic transaminases.

MITOGEN-ACTIVATED PROTEIN (MAP) KINASES

MAP kinase activation induces the expression of multiple genes that
together regulate the inflammatory response. The o isoform of p38 MAP kinase
is important in the intracellular signaling pathway for the generation of TNF and
IL1pB [69], therefore p38a inhibitors block the production of TNF and IL1B [70].

Two 12 week RCTs have investigated VX-702, a MAP kinase inhibitor, as
a monotherapy, and in combination with MTX in RA patients with an
inadequate response to MTX. Though ACR20 response rates were numerically
superior with VX-702 compared to placebo, neither study reached statistical
significance. Suppression of inflammatory biomarkers was also not sustained
past week 4 indicating that p38 MAPK inhibition may not provide sustained
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suppression of inflammation in patients with RA. VX-702 has not been
developed further as a drug to treat RA [71].

BIO-SIMILARS [TABLE 7]

The European Medicines Agency (EMA) defines biosimilars as “biological
medicinal products that contain a version of the active substance of an already
authorized, original or ‘reference’ biological medicinal product.

Evidence on preclinical, pharmacokinetic, pharmacodynamic and clinical
data demonstrating comparable efficacy and safety of the biosimilar; its off-
patent reference biopharmaceutical is required before a biosimilar is made
available on the market [72].

Post-translational modification with changes in cell lines and/or
manufacturing processes results in products that are highly similar but not
identical to approved ‘reference’ agents, hence the term ‘biosimilar’ rather than
‘bio-identical’. Minor modification through the manufacturing process may
alter function and immunogenicity, therefore raising concerns about switching
patients with well controlled disease on reference biologics to biosimilars [73].

A reference drug that is repeatedly interchanged with a similar biological
agent might elicit immunogenicity that could compromise the efficacy and
safety of both medications. Thus, frequent switching between the original
protein product and the biosimilar agent should be avoided, as even subtle
differences, such as impurities introduced during manufacturing, can trigger an
immune response to biosimilar agents [72].

‘Biomimics’ or ‘biocopies’ are versions of mAb or fusion proteins available
in countries where regulation is less stringent [74].

It has been estimated that Germany, France and the UK each stand to save
between €2.3 billion and €11.7 billion between 2007 and 2020 in response to
the introduction of biosimilars [75]. These savings have the potential to be used
either to increase the number of patients with access to biologics, or to be
diverted into other aspects of care [76].

APPROVED INFLIXIMAB BIOSIMILARS
CT-P13

The efficacy and safety of an infliximab biosimilar (CT-P13) was compared
to infliximab in patients with active disease despite MTX therapy. This phase
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111 randomised controlled non inferiority study demonstrated similar efficacy in
DAS28, ACR and EULAR response rates, and low disease or remission rates
and all other pharmacokinetic and pharmacodynamic endpoints at week 30. The
incidence of drug related AEs were similar (PLANETRA) [77], however the
study was not sufficiently powered to detect significant differences in adverse
events between the two treatment groups [72].

CT-P13, manufactured by Celltrion Inc., South Korea, is marketed under
the trade names Remsima™ (Celltrion Inc.) and Inflectra™ (Hospira Inc.,
USA). There is also manufacturing via Egis Pharmaceuticals PLC, Hungary
who market the drug as Flammegis®. As of May 2015, CT-P13 has been
approved for use in approximately 70 countries worldwide [72]. The South
Korean MOFDS and the EMA have both approved CT-P13 for the treatment of
RA. A phase I study showed similar safety and efficacy in patients with
ankylosing spondylitis (PLANETAS) [78], however both these agencies have
allowed extrapolation of indications for CT-P13 to six additional diseases for
which reference infliximab is approved but in which CT-P13 was not studied,
such as psoriatic arthritis and psoriasis.

The first indirect meta-analysis in RA comparing the efficacy and safety of
biosimilar-infliximab to other biologicals found no significant difference in
efficacy in ACR20 or ACR50 response criteria. In regards to safety and
tolerability, the infliximab-biosimilar demonstrated a higher OR than infliximab
and other biologics (etanercept, adalimumab, abatacept) suggesting higher
chance of occurrence of severe adverse events compared to placebo. However,
pairwise comparison did not find any significant difference in safety [79].

Reports from clinical experience [80] and a long term extension RA study
[81] have shown comparable clinical effectiveness in patient reported outcomes
and disease-activity measures, with no immediate safety signals during one or
two years of follow up for patients switched from reference infliximab to CT-
P13.

NOR-SWITCH is a randomized double-blind clinical trial currently in
progress in Norway. It will compare the safety and efficacy of switching from
reference infliximab to CT-P13, with continued treatment with reference
infliximab in patients with RA and other autoimmune conditions. NOR-
SWITCH is expected to be completed in the first half of 2016 [82-83].

BOWO015

BOWO015 is an infliximab biosimilar developed by EPIRUS
Biopharmaceuticals, Inc. (USA) and manufactured by Reliance Life Sciences
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(India) with a trade name of Infimab™. A phase III, double blind, head-to-head
comparison of BOWO015 and reference infliximab showed similar safety and
efficacy in ACR20/50/70 scores. The adverse event rate, mostly infections and
infusion reactions, was comparable between treatment groups as was incidence
of immunogenicity [84]. To date BOWO015 is approved in India alone with plans
to file for marketing approval in the UK and US in 2017.

APPROVED ETANERCEPT BIOSIMILAR
HD203

HD?203 is an etanercept biosimilar with an amino acid sequence identical to
that of reference etanercept product.

A 48 week, phase 111 randomised controlled, double-blind study of HD203
and reference etanercept, each administered in combination with MTX, has
shown similar safety and efficacy profiles with low immunogenicity occurrence
[85]. HD203 has been approved by the Korean MOFDS.

APPROVED ADALIMUMAB BIOSIMILAR
ZRC-3197

ZRC-3197 is developed and marketed by Zydus Cadila (India) as
Exemptia™. The Cadila Healthcare Laboratory (India) conducted a clinical trial
that compared ZRC-3197 and reference adalimumab, in combination with
MTX, in 120 RA patients with an inadequate response to MTX. The results of
this trial have shown similar ACR20 responses between the 2 groups [86]. ZRC-
3197 is currently approved in India alone.

Thus far, phase III clinical trials in the above biosimilars have been
promising. The range of biosimilars available on the market will only continue
to expand, and the possibility of significant cost savings to various healthcare
systems worldwide is an exciting prospect. There are concerns however,
regarding the long term safety and efficacy of these drugs, extrapolation to other
autoimmune conditions and the right of the physician, over hospital managers,
to choose best which patients are suitable or not to switch onto biosimilars.
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Table 7. Biosimilars

Author/Date Duration, type of study, treatment, .
published number of patients (N) Main results
Yoo et al. 30 week phase III randomised, double Week 30 ACR20 results:
2013a blind, parallel-group study.
PLANETRA | Group 1: CT-P13 IV 3mg/kg (N =302) | Group 1: 60.9%
Group 2: Infliximab IV 3mg/kg (N = Group 2: 58.6%
304)
Yoo et al. 54 week phase III randomised, double Week 54 ACR20 results:
2013b blind, parallel group, open label Group 1: 76.8%
extension trial. Group 2 prior to switch:
Group 1: CT-P13 IV maintenance 77.5%
3mg/kg (N = 158) Week 102 ACR20
Group 2: Infliximab to CT-P13 IV results:
switch 3mg/kg (N = 144) Group 1: 72.2%
Group 2 post switch:
71.8%
No statistical differences
Kay et al. 54 week phase I1I randomised, double Week 16 ACR20 results:
2014 blind, parallel-group trial of 189 Group 1 BOWO015:
patients. 89.8%%
Group 1: BOWO015 IV maintenance Group 2 Infliximab prior
3mg/kg to switch: 86.4%
Group 2: Infliximab to BOWO015 IV Week 54 ACR20 results:
switch 3mg/kg Group 2: 72.03%
No statistical differences
Bae et al. 48 week phase 111 randomised, double Week 24 ACR20 results:
2014 blind, and equivalence trial. Group 1: 83.48%
Group 1: HD203 SC 25mg twice Group 2: 81.36%
weekly (N = 147) Week 48 ACR20 results:
Group 2: etanercept SC 25mg twice Group 1: 86.27%
weekly (N = 147) Group 2: 81.90%
No statistical differences
Jani et al. 12 week phase 11l randomised, double Week 12 ACR20
2015 blind, parallel-group trial. Results:
Group 1: ZRC-3197 SC 40mg every Group 1: 82.0%
other week (N = 60) Group 2: 79.2%
Group 2: Adalimumab SC 40mg every
other week (N = 60)

Legend: ACR 20 — American College of Rheumatology 20% response criteria; BD — twice

daily; IV — intravenously; N — number of patients; SC — subcutaneously.
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RITUXIMAB BIOSIMILAR
PF-05280586

PF-05280586 is a proposed biosimilar to rituximab and marketed by Pfizer.
A double-blind phase I/I pharmacokinetic (PK) similarity trial compared PF-
05280586 to rituximab sourced from the European Union (rituximab-EU) and
United States (rituximab-US).

Although not designed to demonstrate similarity for efficacy, mean DAS28-
CRP, mean number of tender and swollen joint counts, and mean high-
sensitivity CRP values decreased over time, and improvement in ACR20/50/70
scores were seen in all groups.

All 3 treatments had similar effect on CD19+ B cells. All treatments were
generally well-tolerated, with similar AE profiles. These results support
continued clinical development of PF-05280586 as a potential biosimilar to
rituximab [87].

CONCLUSION

Impressive advances in the research associated with the aetiopathogenesis
of RA led to the discovery of new molecules and inflammatory pathways, which
play an important role in the disease inflammatory processes and irreversible
joint damage. An ever-increasing pool of potential new cytokine targeted
therapies is in development, with some showing promising data. However, it is
too early to determine if all these new biologic agents will be translated into
licensed therapies for RA.

As ever, the cost implications of such treatments can limit which patients
have access to these drugs, especially in countries without free access to
healthcare. Biosimilars offer an exciting chance to reduce the cost of treating
RA, but it is important to remember that these drugs are only similar and not the
same as current biologic treatments. Therefore, they should be used with
caution. The patents for many biologic agents currently used in the treatment of
RA will expire by the end of 2018. It is expected that many more biosimilars
will be made available by then. There should still be opportunities for new
biologic drugs, as long as they can demonstrate superior efficacy to current
available biologics with acceptable safety profiles [88]. As highlighted in this
chapter, many new therapeutic targets seem promising as potential new agents
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for RA treatment, according to data derived from early phase trials, but they still
have to prove their therapeutic potential in larger clinical trials. The landscape
of RA treatment is ever changing and this is definitely an exciting time for
research within the field of RA.
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