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Abstract

Background: Rheumatoid arthritis (RA) is an autoimmune disease that causes disability to
patients in the long run. The bone and cartilage degradation are driven by pro-inflammatory
cytokines like tumour necrosis factor alpha (TNF-a) and interleukin-6 (IL-6) among others.
The traditional treatment for RA is disease modifying anti-rheumatic drugs (DMARDS)
despite the serious adverse effects. In the last past few years biologics have been added to
DMARD:s or replaced them altogether in the treatment of RA. There is however, growing
concern on the effectiveness and safety of these biologics.

Aim: This article reviewed the use of Rituximab, Adalimumab, and Golimumab, as well as
dnaJP1 peptide and Folate-targeted immunotherapy data to assess their effectiveness and
safety in the treatment of RA.

Methods: Data from clinical trials and other animal model experiments published in peer-
reviewed journal articles were reviewed to determine the effectiveness and safely levels of
these biologics as used in the treatment of rheumatoid arthritis.

Results: We found that combination therapy of biologics and DMARDs has proven effective
in the treatment of RA especially where the latter have failed to reduce disease activity in
patients. Rituximab has been found effective where monotherapy treatment with DMARDs
and anti-TNFs have failed.

Conclusion: All biologics are generally effective and safe for use in the treatment of RA with

minimal side effects being reported.
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Introduction

Traditionally, the treatment and management of Rheumatoid arthritis (RA) has relied
on the disease modifying anti-rheumatic drugs (DMARDSs). Rheumatoid arthritis is an
autoimmune disease that affects joints and can lead to disability. While DMARDs have
performed relatively well in the management of this disease through targeting the main
inflammatory pathways (Keyser, 2011), there are a number of serious side effects that have
been associated with the use of DMARDs. Consequently, scientists have, in the recent past
researched and introduced the use of biologics as an alternative in the treatment and
management of rheumatoid arthritis (RA). Most of these biologics are monoclonal antibodies
raised in animal models against cytokines and other biological players in the pathogenesis of
RA. Examples of biologics currently in the market following approval of their use by the US
Food and Drugs Administration Agency (FDA) are: Anti-TNF-a e.g. infliximab which is a
chimeric antibody, etanercept a recombinant TNF receptor (p75) dimerized on Ig frame,
adalimumab a recombinant human 1gG monoclonal antibody, golimumab a human
monoclonal antibody, and certolizumab pegol a pegylated Fab’ fragment from humanized
monoclonal antibody (Thalayasingam & Isaacs, 2011; van Vollenhoven, 2009). Other agents
already in use in the treatment of RA are tocilizumab an IL-6 receptor inhibitor chimeric
monoclonal antibody, rituximab a B-cell directed mAb (Ma & Xu, 2012) and abatacept
which blocks T cell activation CD28-CD80/86 pathway (Buch, Vital, & Emery, 2008). These
biologics are administered to RA patients either as monotherapy or in combination with the

regularly used DMARDs for example methotrexate (MTX), depending on prior disease
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treatment outcomes. Etanercept was the first anti-TNF agent to be approved by US Food and
Drugs Administration Agency (FDA) for use in the treatment of rheumatoid arthritis (Haraoui

& Bykerk, 2007) about 15 years ago.

Although the use of biologics is generally considered safe, some safety concerns have
been raised including possible reactivation of latent tuberculosis, hepatitis B and C among
others infections (Keyser, 2011; Rubbert-Roth, 2012). Thalayasingam & Isaacs, (2011) states
that there is a small increase in opportunistic infections risk in RA patients being treated with
anti-TNFs but the risk of cancer and cardiovascular development is low. A publication by
(Chen, Chang, Wang, & Wu, 2011) also found the risk of cancer development in RA patients
using anti-TNF biologics to be significantly lower relative to the exclusive use of DMARDs

among RA patients.

This article seeks to review published data in a number of peer-reviewed publications,
to determine the effectiveness and safety of biologics in the treatment and management of RA
as the alternative method of treatment. The focus of this review is the efficacy and safety of
Rituximab, Adalimumab, and Golimumab in the treatment of rheumatoind arthritis. The use
of dnaJP1 peptide and Folate —targeted immunotherapy in the treatment of rheumatoind

arthritis will also be reviewed.
Review

Immune-modulating Monoclonal antibodies, Anti-Pro-inflammatory cytokine

antibodies and antagonist

The debilitating pain and the crippling cartilage and bone degradation in RA patients

is driven by inflammatory reactions. The pro-inflammatory cytokines produced by various
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immune cells particularly the Thl cells is the force behind these reactions (Chatzidionysiou,

2012).
a) Rituximab

Rituximab which is a chimeric monoclonal antibody raised against CD20 antigen on
B cells has been found to be a much more effective treatment in RA patients than TNF-a
inhibitor - TNFi (Emery et al., 2014). The anti-CD20 exerts its action by depleting the CD20*
B cells in RA patients (Paul Emery, 2012). An efficacy randomized trial by (Emery et al.,
2006) had shown that 2500-mg or 2 1,000-mg infusions of rituximab achieved a 20%
improvement in disease activity relative to placebo (p<0.0001) on RA patients when assessed
at the 24" week. This assessment was done based on American College of Rheumatology
criteria 20 (ACR20). A study by (Cohen et al.,, 2006a) found a significant difference
(p<0.0001) in the treatment of RA patients with a treatment course with two infusions of
1000mg rituximab each compared to RA patients on placebo at 24 weeks. Assessment was
based ACR20 where the improvement results for rituximab patients compared to placebo at

51% versus 18% respectively.

In another study, (Emery et al., 2014) demonstrated that rituximab when administered
to RA sero-positive patients who had shown inadequate positive response to TNF-a inhibitors
at the baseline shows significant improvements. A follow-up of two groups of patients, one
who had been treated with alternative TNF-a inhibitor and the other group with rituximab for
6 months after inefficient response by the first TNF inhibitor treatment, showed significant
improvement (Based on Disease Activity Scores (DAS28)) in rituximab-treated RA patients
relative to the alternative TNFi-treated patients (p=0.011). These results suggest that

rituximab is a better alternative treatment to RA patients where TNFi has failed.

b) Adalimumab
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Adalimumab was the first fully humanised anti-TNF monoclonal antibody to be used
in the treatment of RA patients particularly where regular DMARDSs have proven ineffective
and poorly tolerated (Mease, 2007). A double blind, placebo controlled, phase Il clinical trial
conducted on RA patients by (van de Putte et al., 2004) showed a 35.8% and 39.3% ACR20
improvement when 20mg of adalimumab was administered one other week compared to
weekly administration respectively. When the same researchers administered 40mg one other
week and weekly to RA patients the results were better at 46.0% and 53.4%, respectively
using the same American criteria ACR20. When these results were compared with those of a
placebo (19.1%), the difference on efficacy was significant at p<0.01 (See table 1). The
pattern of these results was replicated when assessed at secondary end points ACR50 and
ACR70. This data suggests that adalimumab is more efficacious at a higher dose and at a
higher frequency of administration. The adverse results were minimal and comparable

between patients treated with adalimumab and those treated with the placebo.

In another study (Bennett et al., 2005) treated 70 patients of RA with adalimumab and
found mean of 2.1 (6.3-4.2; P<0.001) decrease in Disease Activity Score 28 (DAS28). They
also found a mean decrease of 0.34 (2.07-1.73; P<0.001) in Health Assessment
Questionnaire (HAQ) score (See table 1). In that study 23% of the participants stopped
treatment because of either treatment failure (16%) or undesirable effects (7%). Out the 70
patients, 26 patients had tried other biologics and failed. Of the 26 patients 65% responded
well to adalimumab. This data suggests that adalimumab is effective and relatively safe in the
treatment of RA particularly where other biologics and regular DMARDs have failed to show

decrease in disease activity.

¢) Golimumab
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Golimumab is a fully humanised anti-TNF-a antibody used in the treatment of RA
(Kay & Rahman, 2009) among other human disease conditions. A clinical trial involving RA
patients who have been treated with methotrexate (MTX) but with inadequate response in
reduction of disease activity, in a 2 years follow-up study compared golimumab + MTX with
placebo + MTX (Keystone et al., 2013). They found that there was a 55.6% ACR20 response
at week 14 of the trial in RA patients treated with golimumab (50mg) + MTX compared with
33.1% ACR20 response in patients treated with placebo + MTX. This difference was
statistically significant at P<0.001 (see table 1). In the same study, at 104 week 90% of RA
patients treated with golimumab + MTX maintained an ACR20 response. The incidence of
infections following treatment with golimumab was minimal. This means that golimumab
does not only improve the symptoms of disease activity in RA patients but can maintain the
improvement in long term safely.

Another study compared the decrease in inflammatory serum markers in RA patients
treated with golimumab100mg administered subcutaneously and patients treated golimumab
2mg/1kg administered intravenously (Doyle et al., 2013). These authors found that there was
a decrease in CRP, SAA, MMP-3, TNFRII, haptoglobin, IL-6, ferritin and hepcidin. There
was a decrease in mean urine levels of hepcidin within the first week through to week 8, in
both subcutaneous administration and intravenous administration but this decrease was
maintained up to week 24 only in the later case. This data may suggest that golimumab
should best be administered intravenous to maintain its efficacy for longer in the treatment of

RA.
Antigenic Peptides Approach

a) dnaJP1 peptide
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Research has demonstrated that oral administration of dnaJP1 peptide in RA patients
deviates the T cell proliferation to that of regulatory T cells generation that produce IL-4 and
IL-10 and suppresses the generation of IFN-y, IL-2 and TNF-o which are all pro-
inflammatory cytokines (Prakken et al., 2004). In their study, (Prakken et al., 2004) recruited
patients in early (<5 years) stages of RA, with at least six joints swollen and tender, based on
the American College of Rheumatology (ACR) criteria for RA. These patients were treated
for a duration of 6 months. Mucosal therapy with dnaJP1l peptide was found to be an
effective, beneficial and safe biologic in the treatment of RA patients (Table 1). These
findings suggest that dnaJPI peptide can be used as a protective immune modulation therapy

in RA patients at early stages of the disease.
b) Folate —targeted immunotherapy

Activated macrophages have been found to over-express receptors for folic acid in
RA mice models (Piscaer et al., 2011). Activated macrophages produce pro-inflammatory
cytokines including the TNF-a (Haraoui & Bykerk, 2007) which is a pleiotropic cytokine that
plays a critical role in the pathogenesis of arthritis (Thalayasingam & Isaacs, 2011). This
concept of over-expression of receptors for folic acid has been used by scientists in the
delivery of radio-active molecules in joints of RA in order to visualize through radiography
the level of accumulation of activated macrophages, which correlates with inflammation in
these joints. The intensity of inflammation indicates the degree of severity of cartilage and
bone degradation (Paulos et al., 2006). That study (Paulos et al., 2006) hence used the same
concept to deliver the folate-hapten conjugate in already hapten-immunized (hence with anti-
hapten antibodies) rats and demonstrated that the immune cells having receptors for the Fc
region of anti-hapten antibodies were able to clear activated macrophages in their sites of

accumulation. This was found to significantly reduce cartilage and bone degradation in rats
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limbs (p <0.001) to a level of performance comparable to the commonly used disease
modifying anti-rheumatic drugs (DMARDs) such as methotrexate, etanercept, anaconda and
celecoxib (Paulos et al., 2006). The researchers also reported no toxicity in the major organs
of the body e.g. liver, kidney and brain (table 1).

Table 1: Performance of different biologics in treating Rheumatoid Arthritis

S/NO  BIOLOGIC/DRUG  ANIMAL ROUTE OF ACTION INDUCED BENEFIT TO RA SAFETY TO AUTHOR
TYPE ADMINISTRATION PATIENTS RA
PATIENTS
1. DnalP1 peptide Human Oral (Mucosal -Up regulation of Reg Reduction of RA No adverse (Prakken
Therapy) T cells symptoms effects et al.,
(CD4+CD25¢right) including pain, reported 2004)
marked by expression  slowing disease
of foxP3 progression
-Induction of IL-4 and
IL-10
-Decrease in IFN-y, IL-
2 and TNF-a
(p <0.001)
2. Folate-hapten Rats Intraperitonial -Elimination of Reduction of No toxicity (Paulos et
Conjugates (Folate-targeted activated inflammationand  on major al., 2006)
Immunotherapy) macrophages cartilage/bone organs:
(p <0.001) degradation in Liver,
mice limbs kidney and
brain
3. Rituximab (Anti- Human Intravenous Depletion of CD20+ B Reduction of Similar (Emery et
CD20) & TNFi cells in RA patients by  disease activity adverse al., 2014)
rituximab by Rituximab effects in
more than TNFi both -
TNFi blocks the pro- (p=0.011) Minimal
29
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of TNF
4, 2 500-mg or 2 Human Intravenous Depletion of CD20+ B Reduction of Relatively (Emery et
1,000-mg cells in RA patients by  disease activity safe and al., 2006)
infusions of rituximab by Rituximab tolerable
rituximab more than TNFi
(p<0.0001)
5. 1000mg of Human, Intravenous Depletion of CD20+ B Improvement on Adverse (Cohen et
rituximab previously cells in RA patients by  disease activity mild-to - al.,
treated rituximab ACR20 (51% moderate 2006b)
with versus 18%), severity;
5.2% out of
100
infections
6. 20mg & 40mg Human Intravenous Anti-TNF activity Improvement on Minimal (van de
Adalimumab disease activity at  adverse Putte et
ACR20: effects al., 2004)
20 mg —35.8% comparable
(One other week)  to placebo
& 39.3%
(weekly).
40mg — 46.0%
(one other week)
& 53.4%
(weekly)
(P<0.01)
7. Adalimumab Human Intravenous Anti-TNF activity 2.1(6.3-4.2; 7% of 70 (Bennett
P<0.001) patients et al,,
decrease in with side 2005)
Disease Activity effects
Score 28 (DAS28)
30
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0.34 (2.07-1.73;
P<0.001) in
Health
Assessment
Questionaire

(HAQ) score.

Golimumab
and/or
Methotrexate

(MTX)

Subcutaneous

CONCLUSION

TNF-a activity

neutralization

Reduction of Minimal
Disease activity: adverse
55.6% ACR20 effects

response in
Golimumab +
MTX

33.1% ACR20
response in

placebo + MTX

(Keystone

et

2013)

Combination therapy of biologics and DMARDs is more effective in the treatment of

rheumatoid arthritis than monotherapy of either of the two. Rituximab a monoclonal antibody

targeting to delete activated B cells in RA patients has particularly been found effective

where monotherapy treatment with DMARDs and anti-TNFs have failed. All biologics are

generally safe for use in the treatment of RA with minimal side effects being reported.
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