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Abstract

The diverse selection of treatments for Rheumatoid Arthritis (RA) have had a
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complex evolution. Observational studies demonstrated the benefit of Non-Steroidal
Anti Inflammatory agents and conventional synthetic disease modifying agents
(DMARDs). Of the DMARDs, Gold and Sulfasalazine were employed in the assumption
they were treating arthritis with an infectious aetiology. Glucocorticoids promised to
be the cure they did not provide, initially side-lined due to their adverse effects. The
conventional DMARD, Methotrexate remains the anchor drug to induce and maintain
remission.

The array of medications in use has widened with our deeper understanding of
the complex pathogenic processes underlying RA. Treatments originally designed to
treat sepsis resulted in the conception and use of targeted monoclonal antibodies
(biologics). The demonstration of cytokine mediated autoimmunity present in RA has
more recently led to the oral targeted synthetic alternatives, including the Janus Kinase
(JAK) inhibitors. These medications do not come without a significant monetary and side
effect cost.

As we observe the mechanisms of drug development revolutionize, with safer
mechanisms of drug delivery and the informative role of genomics, we can hope
for less harmful and more efficacious targeted therapies for this chronic debilitating
condition. Paying attention to the historical ways in which we have developed our drug
formulary allows us to reflect upon and foster those techniques for the aim to reduce
disease progression, strive for longer remission and possibly curative treatment.

* Biologics

ABBREVIATIONS

RA: Rheumatoid Arthritis; DMARD: Disease Modifying Anti-
Rheumatic Drug; MHC: Major Histocompatibility Complex; ACPA:
Anti-Citrullinated Peptide Antibodies; RF: Rheumatoid Factor;
NSAID: Non-Steroidal Anti-Inflammatory Drug; JAK: Janus
Kinase; Jakinibs: Janus Kinase Inhibitor; COX: Cyclo-oxygenase;
IL: Interleukin; MMP: Matrix Metalloproteinase; MAP: Mitogen
Activated Protein; SSZ: Sulfazalazine; TNF: Tumour Necrosis
Factor; EULAR: European League Against Rheumatism; mAB:
Monoclonal Antibody; FDA: Food and Drug Administration; IL-
1R: Interleukin 1 Receptor; IL-6R: Interleukin 6 Receptor; CTLA:
Cytotoxic T-Lymphocyte-Associated Protein; EMA: European
Medical Agency

INTRODUCTION

Rheumatoid arthritis (RA) has been a historically difficult to
treat condition; in 1976, F Dudley Hart said of RA ‘the treatment of
a condition for which there is no positive cure makes much greater

demands on the doctor, who has to be a practical pharmacologist,
human being, psychiatrist, and father confessor- he has, in fact, to
be a proper physician in the fullest sense of the word’ [1]. Though
RA is still not curable, as we have developed our understanding
of the condition, the armoury of medications employed to arrest
its progression has vastly increased and long-term remission is a
reality for most patients.

Rheumatoid arthritis is an inflammatory arthropathy
with multi-organ involvement. Relatively common, it effects
between 0.5 and 1% of the population [2], with evidence of
increasing prevalence correlating with increasing latitude and
when comparing rural to urban populations [3]. The arthritis
that ensues is destructive and typically symmetrical, affecting
predominantly small joints. A debilitating disease, it carries a vast
cost to individual and society. The patient suffers from a disabling
arthopathy, increased prevalence of co-morbid conditions such
as atherosclerotic disease, as well as reduced participation in
society and resultant impact on quality of life [4]. Indirect cost to
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society, such as reduced work capacity has been estimated to be
as high as €45.3 billion in Europe and €41.6 billion in the United
States [5]. Accordingly treatment strategies for RA have been long
sought after, with the disease course now a lot more favourable
as aresult.

Historically, therapies for RA were trialled on the notion the
disease was infection driven. This led to the use of gold and sulpha
containing remedies, with limited success. Observational studies
helped discover ‘blockbuster’ medications such as steroids,
widely viewed as a ‘cure’, early in its use [6]. Consequently, the
success of various therapeutic agents has helped inform the
scientific community of potential pathogenic mechanisms in
RA. As our understanding of the disease has improved, we have
moved on to more targeted therapies. Today, our focus has gone
beyond disease course modification to tailoring therapy to
individual patients, taking into consideration treatment effect,
tolerance and convenience for the patient.

The aetiology of RA is thought to be dependent on both
environmental and genetic factors. Of these, the major modifiable
environmental risk factor identified is that of smoking [7].
Heritability of this condition has been reported as high as
65%, with various polymorphisms identified on genome
wide studies, along with identification of susceptibility Major
Histocompatibility Complex MHC genes including the HLA-DRB1
allele. It is noted that disease associated alleles demonstrate
common amino acid sequences in the peptide binding groove,
fuelling an antigen driven pathogenic mechanism. Further, well
characterised autoantibodies such as Rheumatoid factor and
anti-citrullinated peptide antibodies show a strong association
with the presence of the shared epitope [4].

The early identification of circulating immune complexes
in RA encouraged the use of plasma exchange as a modality of
treatment with the belief they were pathogenic; the results,
however, were not convincing [8]. A current proposed mechanism
is of citrullinated antigen binding by Anti-citrullinated peptide
antibodies (ACPAs), with subsequent binding by RF and the
formation of immune complexes and activation of inflammatory
cascades. Interestingly, ACPAs can be identified well before
the clinically apparent phase of RA, with a progressive rise
in inflammatory cytokines leading up to organ involvement.
Though we rarely demonstrate evidence of ACPA seronegativity,
circulating concentrations of both RF and ACPA are seen to
decrease with current treatment methods [4].

Therapies currently employed to combat RA include
traditional treatments such as glucocorticoids, non-steroidal
anti-inflammatory drugs (NSAIDs), and disease-modifying
antirheumatic drugs (DMARDs), classified broadly as synthetic
(encompassing the traditional DMARDs and newer therapies
such as JAK-2 inhibitors) and biological drugs. The broad aim is
to suppress the culpable immune system, but this is consequently
accompanied by an increase in the risk of infections suffered by
the host.

Historical methods for treatment (early concepts)

Just over a hundred years ago Bain and Edgecombe referred
to arthritis deformans (or rheumatoid arthritis) and advocated
adequate nutrition, treatment of the indigestion and Spa therapy

as the treatments of choice [9]. Only 30 years later, Price’s
Textbook of the Practice of Medicine (1934) describes RA as
either primary or secondary to infection. At this point the main
stay of treatment was to eradicate the “infective foci.” This idea
also supported the view that vaccinations were beneficial, along
with iodine and iodides and intestinal antiseptics [1].

F Dudley Hart gives an alphabetized list of common treatments
(Figure 1) in use at the time of writing in 1976, highlighting the
poor understanding of the disease and poor evidence behind
each therapy. He identifies the clear need for greater scientific
attention and research to improve outcomes for the suffering
patients [1]

Non steroidal anti-inflammatory drugs

Marked symptomatic relief was seen with the introduction
of NSAIDs. Though not a DMARD, its beneficial effects have been
long documented with Willow and poplar bark, the substrates for
salicylic acid, commonly used in the treatment of inflammatory
arthopathies [10]. Aspirin was in use by the early twentieth
century in the treatment of RA, making it the oldest of the
medications currently in use [11]. We now have a vast selection
of NSAIDs available, all working to inhibit the cyclo-oxygenase
pathway.

Despite being effective analgesics and improving physical
function, once thought to be serious challengers to the use of
steroids in treating inflammatory arthropathies, NSAIDs have
not had any demonstrable effect on disease course. Not without
harm, the most predictable side-effects are of gastric irritation
and nephrotoxicity [12].

Disease modifying anti-rheumatic drugs (DMARDs)

The term ‘DMARD’ appears to have been coined in the early
1980s; however the medications under this umbrella had been
used well before. The term DMARD is applied to medications
which can alter the course of disease and thus prevent joint
erosion [13]. The mechanisms through which DMARDs act are
varied but a collective outcome is to help stem the destructive
process of intertwined inflammatory cascades resulting in the
degradation of soft tissue, cartilage and bone.

DMARDs are broadly classified into two major classes,
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Figure 1 Historical treatments employed in RA [1].
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synthetic and biological. Synthetic DMARDs can be further sub-
classified into conventional synthetic or targeted synthetic.
Conventional synthetic DMARDs are still the most commonly
used agents for the treatment of RA, and include a wide array
of drug classes, though the underlying mechanism of disease
modification is not well understood. Targeted synthetic DMARDs,
yetto be licensed in the European Union, contrast by antagonising
specific markers implicated in the pathogenesis of RA. This newer
class of drugs include the janus kinase (JAK) inhibitors (Jakinibs)
(Figure 2) [4,14].

Prior to Glucocorticoids being acknowledged as a ‘miracle
drug’ for RA, Gold and Sulpha containing drugs were recognised
treatments for RA [12]. The ‘infectious’ reasoning (most
arthropathies at the time being attributed to tuberculous
infection) behind their use was largely due to the observed
benefit in the reactive Poncets arthritis that can occur post-
tuberculous infection. Though Gold therapy has been shown to
be efficacious, its use has been largely limited by side-effects
[4,15]. Glucocorticoids, though notorious for their extensive
side effect profile, were for some time thought of as a cure for
RA. As the evidence of multisystem effects from glucocorticoid
use emerged, steroids came out of favour [6]; the emphasis
was placed on treatment with medications to ‘spare’ the use of
steroids. This drive, along with the understanding of RA and other
autoimmune conditions, saw the emergence of a large range
of disease-modifying medications. To date, they still represent
the highest proportion of medications in use for RA patients
and Methotrexate, the most common synthetic DMARD in use,
remains the standard by which we measure effect of emerging
drug therapies [16].

Early DMARDs

Glucocorticoids: The use of steroids as a treatment in
inflammatory arthritis follows an intriguing course of events. In
1929, Hench et al from the Mayo Clinic made the observation of
a 65 year old patient going into remission from his particularly

stubborn RA after developing jaundice. Simultaneously Kendall,
at the Mayo clinic, transferred his research interests from the
thyroid to the largely unknown adrenal gland, whilst in Zurich
Reichstein also began examining the organ. By 1935 the pair
had extracted cortisone from the gland. In a reflection of the
ever prevalent financial implications of medical discovery, the
pharmaceutical firm of Merck Sharp and Dohme attempted
to produce the substance in greater quantities for laboratory
purposes and initially marketed the product at $1000/g [6]. By
1944, Dr Hench had documented similar remissions of RA to
his original jaundiced patient in sixteen further patients. Having
observed this in conditions extending beyond RA, including
psoriatic arthritis and Myasthenia Gravis, the group concluded a
substance X, possibly from the adrenal cortex, provided a group-
specific benefit. The discovery of steroids, led to Hench, Kendall
and Reichstein sharing the Nobel Prize in 1950. However, the
well-documented side effect profile that soon became apparent
from the use of steroids limited their popularity [6,17].

It was not until the 1980s that the beneficial effects of steroids
were harnessed with lower dose preparations, resulting in an
increase in prescriptions. Even now, steroids provide a highly
effective form of treatment to induce rapid remission. Given the
serious systemic side effects that patients have to endure with
steroid use, the aim is to provide a bridging therapy to allow
steroid sparing DMARDs to achieve maximal doses and efficacy
without relapses [18].

Gold: Gold therapy was originally employed to successfully
treat the Poncets arthritis that can occur with tuberculous
disease. Employed in other arthritides as a result, the consensus
being all arthritis had an infectious underlying cause, it became
the first DMARD vindicated in the treatment of RA; the first
favorable clinical study of 48 patients being published in 1932
[19]. This form of treatment was widely used for the coming
decades. A slow acting agent, taking up to months to take effect,
Gold has been shown to attenuate the destructive process in RA.
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Its mechanism of action is not clear but it has been shown to
decrease levels of COX-2, IL-6 and MMP-3 thought to be as a result
of inhibition of MAP phosphatase-1 [20]. Though not commonly
in use, Gold therapy is still for some patients the most effective
mode of treatment. The intramuscular form of gold therapy has
been shown to have comparable efficacy to Methotrexate, though
its use is limited by side-effects, most commonly seen as a skin
or mucocutaneous reaction, and more rarely a membranous
glomerulonephritis or blood dyscrasia [13,15]. There are
currently two intramuscular preparations of gold salts available
(gold sodium thiomalate and gold sodium thioglucose) and one
oral preparation (auranofin). The oral form is less effective and
thus has been withdrawn from guidelines [15].

Sulfasalazine: After NSAIDs and Gold, Sulfasalazine (SSZ)
is the third oldest drug class that is still available to use as a
treatment of RA. In 1938, SSZ was the first drug to be synthesized
specifically for RA. The consensus at the time was that RA was
the result of infection and accordingly Svartz et al developed
the DMARD, SSZ (originally known as salicylazosulfapyridin)
by combining the anti-inflammatory, salicylic acid, with the
antibacterial sulfapyridine by an azo bond [12].

It was initially shown to be effective in the treatment of RA,
however Sinclair et al led a study discrediting its use in 1948.
Subsequent analysis suggested the Sinclair study design was
flawed but with the emergence of glucocorticoids, it was not until
much later that enthusiasm for its use returned [12]. McConkey
et al, demonstrated benefit in its use for RA in 1980, further
studies confirming this to date [21]. With its prominent use for
inflammatory bowel disease it is in the WHO list of Essential
Medications [22].

Cytotoxic agents

Methotrexate: Methotrexate is a dihydrofolate reductase
inhibitor, the mechanism through which it is thought to act as
a chemotherapy agent. Its effect in RA however is thought to
be multifactorial, with inhibition of cell maturation and more
recently it has been demonstrated to show reduce TNF levels in
synovial tissue of patients. Bronstein and colleagues propose this
is in part due to augmentation of adenosine release through the
inhibition of polyamines [23].

Until the introduction of Methotrexates precursor,
aminopterin, Gold compounds were the standard for RA
treatment. Developed initially as a chemotherapy agent by Farber
et al, it was in fact a cardiologist in 1952, Dr Richard Gubner,
who reported the beneficial effects of aminopterin in both RA
and psoriatic arthritis patients [12,24]. The modified compound,
Methotrexate, did not realise its potential in the treatment of RA
till the early 1980s when a series of randomized controlled trials
demonstrated benefit in refractory RA [12].

Methotrexate is now the drug of choice to maintain
remission. Current European League against Rheumatism
(EULAR) recommendations suggest therapy with a DMARD
should be commenced on diagnosis of RA, with Methotrexate the
preferred initial therapy unless contraindicated. Perseverance
with the drug and escalation of dose is recommended to achieve
maximal effect [25,26]. Further, escalation to maximal treatment

doses is often not seen. Oral Methotrexate confers an estimated
probability of 40.5% to result in adequate response and thus
further therapeutic options have to be considered [27]. Despite
non-response to Methotrexate, any escalation to a biologic is still
recommended in combination with Methotrexate; studies have
demonstrated combination therapy conferring greater efficacy
than a biologic alone [28].

Azathioprine: Azathioprine is another cytotoxic agent in use
in the treatment of RA. Originating from nitrogen mustard, an
alkylating agent, this precursor had been employed in treatment
of RA in 1951 [29]. Constructed as a pro-drug of the active
metabolite 6-mercaptopurine, it acts to inhibit purine synthesis,
resulting in the inhibition of lymphocyte proliferation and activity,
thus having downstream effects of reduced immunoglobulin
production and IL-2 secretion. First used in the early 1960s,
efficacy has been demonstrated clinically in various studies but
reduction in joint erosion has not always been consistent [30].
When compared to Methotrexate and Gold, it has been shown to
be inferior and this has limited its use somewhat, most recently
being removed from the EULAR recommendations for treatment
of RA [15,16].

Cyclophosphamide: Cyclophosphamide, a further alkylating
agent, was discovered by Brock in the 1950s [31]. Intended as
an anti-cancer agent, it was originally shown to be effective in
the treatment of RA in 1968 by Fosdick et al [32]. Efficacy has
been shown in the use of cyclophosphamide in the treatment
of RA but its use is currently limited to severe extra-articular
manifestations. Of the conventional synthetic DMARDs, it was
associated with greatest risk of infection related hospitalisation
and is historically associated with bladder cancers [15].

Antimalarials

Quinine had been isolated in the 1920s by French pharmacists
Caventou and Pelletier but the use of Peruvian bark, from which it
is derived, had documented use in the treatment of fevers in the
early 17" century [33]. Its use in the treatment of RA had been
well documented by the early 1950s but its use became limited as
a result of the supposed side effect of retinopathy [12].

Quinine  derivatives such as  chloroquine and
hydroxychloroquinine are in fact very safe to use and further
research demonstrated retinopathy as a rare side effect [34].
They are used commonly in the treatment of RA, but efficacy has
not been demonstrated to be comparable to Methotrexate [15].

D-Penicillamine: D-Penicillamine was one of the earlier
drugs to be trialled in RA as a result of advancements in
understanding of the pathogenic mechanisms of the disease. In
use as a copper chelator in the treatment of Wilson’s disease since
1956, it was noted to result in immune complex dissociation and
thus conferring application to RA, postulating a reduction in RF
levels [35-36]. Though the first case to be treated with RA was
demonstrated in 1963, more recently, no significant advantage
was seen in the use of D-Penicillamine relative to placebo; this,
in combination with its side-effects including bone marrow
suppression, dysgeusia and gastrointestinal disturbance has
limited its use [12,15,37-38]. Interestingly, one side effect of skin
laxity has led to its use in the treatment of scleroderma [39].
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Biologic agents

The renewed use of steroids and various synthetic DMARDs
did not spell a period of inertia for the search for RA treatments.
The history of monoclonal antibodies (mAb) provides an
interesting story, and in some respects reflects the woes and
joys of increasing commercialisation of therapeutic agents. The
chimeric antibodies have murine and human portions reducing
their immunogenicity. They differ from conventional synthetic
DMARDs by providing an antigen binding site that directly targets
a substrate thought to be involved in the pathogenesis of disease,
allowing immune mediated depletion of the targeted substrate.

The drive in research into the immune system throughout
the early 20" century led to the identification of a protective
substance in serum against infections, more commonly known
as antibodies. Behring and Ehrlich had, by 1939, popularised
therapy with ‘anti-sera’ against infections such as diphtheria and
pneumonia. Kohler and Milstein, Nobel Prize winners for their
contribution to Medicine, went on to develop a process to produce
large quantities of highly specific, standardised antibodies [40].

The interestin the therapeutic possibilities of these antibodies
was substantial and rival companies, Centocor and Xoma, were
formed to address specifically this. Drawing parallels to the
early DMARDs, once again therapies were being developed for
treatment of infections, and in this case to protect against septic
shock [40].

By 1984, scientists had developed more stable and viable
chimeric mAbs which led to the production of Centoxin, one of the
early mAb, directed against bacterial endotoxin, marketed for the
treatment of septic shock. Not only was this a costly product but
it was subsequently shown to have little effect and harmful side-
effects. With financial pressures to perform Centocor is said to
have rushed its development and dissemination, with the initial
trial shown to have flaws in study design and results reporting.
Though optimism in the field of monoclonal antibodies waned,
financial support for Centocor led to the production of various
biologic agents, including abciximab, returning the company to
financial viability and resurrecting enthusiasm in this field [40].

In 1975, Lloyd Old had discovered the cytokine, tumour
necrosis factor (TNF) and Beutler et al went on to develop
antibodies against this endotoxin induced substance to
demonstrate protection against sepsis-inducing bacterial
lipopolysaccharide [40,41]. This particular substance went on to
be refined and marketed as Etanercept by Immunex [40].

Drs. Marc Feldmann and Ravinder Maini, studying the role of
cytokines in the pathogenesis of RA, went on to run the first trial
with monoclonal antibodies to TNF, Infliximab, in 1992 at the
Kennedy Institute of Rheumatology which was at the time based
at Imperial College, London demonstrated both positive clinical
outcomes and a reduction in circulating inflammatory markers.
These results led to it gaining FDA approval in 1999. As of 2015,
the various anti-TNF agents had amassed total global sales of
25 billion dollars, making them the most profitable drug class
[40,42].

We now have an array of biologic agents licensed for use
against RA. They can target the cytokines by directly binding

(Infliximab against TNF), work as decoy receptors (Etanercept
against TNF) or target cytokine receptors (Anakinra against IL-
1R and Tocilizumab against IL-6R). Biologics used in RA have
been developed to target the CD20 molecule on B-cells leading to
depletion (Rituximab) or against co-stimulatory molecules, such
as CTLA4 (abatacept) [4,30].

Treatment guidelines suggest biologics should be used once
response to DMARDs, one of which is usually Methotrexate, has
been insufficient. TNF inhibitors are usually the first to be trialled
but in some instances abatacept, tocilizumab or rituximab may
be used, with similar efficacy shown in all these groups. The
current recommendations suggest the use of a biologic should be
in combination with Methotrexate; this is as a result of studies
demonstrating benefit conferred to combination therapy when
compared to mono-therapy, even in patients unresponsive to
Methotrexate alone. Patients who have failed initial biologic
therapy can be switched to an alternative one [4,16,28].

New non-biologic synthetics: the jakinibs

In 1995, Russell et al had predicted the possible future
immunomodulatory role of JAK antagonism when reporting
the mutation of JAK-3 in a patient with Severe combined
Immunodeficiency [43]. JAK kinases, of which four types have
been identified, phosphorylate cytokine receptors 1 and 2 on
ligand binding, triggering downstream transcription factors
[44]. This led to the development of drugs to specifically target
this intracellular pathway, thus differing from the conventional
synthetic DMARDs, mostly found to be effective in RA as a result
of observational studies.

In 1998 Tofacitinib, the first of the JAK-inhibitors to be
developed showed efficacy in mice models [45]. More recently
in phase 3 trials, Tofacitinib has been shown to be effective in
the treatment of RA and was approved by the FDA into 2012
[46]. JAK inhibitors have been shown to have efficacy in patients
previously failing treatment on biologics and superior to
Methotrexate in reducing signs and symptoms of RA, along with
stemming the structural joint damage [46,47]. Safety profiles have
demonstrated to show no increase in serious adverse events, and
rate of other adverse events comparable to other DMARDs [48].
Of note however, the European Medical Agency did not approve
its use, with a view that the potential risk of infections, cancers,
gastrointestinal perforation and increase in cardiovascular risk,
did not outweigh the clinical benefits [14].

DISCUSSION AND CONCLUSION

Rheumatoid arthritis is a destructive arthropathy that
inflicts disabling and devastating effects on patients when kept
unchecked. We have addressed the remarkable progression in
treatments for RA over the last century and mostly in the last
30 years. Led initially by a theory of infectious aetiology, the
successful therapies of Gold and Sulfasalazine were employed
[12]. Glucocorticoids failed to provide the ‘miracle cure’ they
promised, but are still essential to inducing rapid remission. They
are commonly used and the rapid action provides the bridge
for other DMARDs to reach efficacy recommended by EULAR
guidelines in initial treatment [6,16,18]. The last 30 years have
provided a rapid incline in the use and development of DMARDs.
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Cytotoxics, namely Methotrexate, remain the cornerstone and a
majority of patients have symptoms controlled with this group of
medications, recommended in combination therapy even when
monotherapy has failed [16].

As our understanding of the heterogenic pathogenic
mechanisms underlying RA have developed, with a complex
interplay of cytokines and cell mediated autoimmunity, we have
seen the emergence of biologics and small-molecule non-biologics
which have transformed the disease process for a large selection
of patients providing a selection of ‘step up’ therapies [4].

There are, however, still unmet needs. It is estimated between
41-58% of patients do not achieve an American College of
Rheumatology-20 response despite the use of biologics. A further
group of patients, for reasons not known, lose responsiveness
to therapies over time [49]. The Jakinibs have provided another
treatment option and are likely to benefit a cohort of patients but
are not without harm [14,44-48].

Trials are being run to assess the efficacy of drugs targeted
to other implicated cytokines and immune pathways, namely
granulocyte colony stimulating factor and IL-21 [4]. The
heterogeneity of the disease amongst patient populations and
differing response of individual patients to the various therapies
suggests there is unlikely to be a ‘one drug fits all’ solution. It
provides the opportunity for more tailored therapy for patients. As
we understand the cytokine profiles and disease responsiveness
of patient groups, drug selection could be customized to match
patients earlier on in the disease [30].

We have now identified over 100 genetic loci conferring
risk of RA. Okada et al identified numerous loci which code
proteins already targeted by current therapeutic approaches.
Characterising the remaining implicated risk loci will provide
further insight into the pathogenesis of the disease and provide
further targets for drug development, potentially tailored to an
individual’s genome [50]. Yarwood et al., go on to suggest as
our understanding of the genetic basis for RA improves at an
individual level, genome editing may provide a realistic option in
the future [51].

Further, the pathogenic process appears to be in motion
well before the disease appears to be clinically apparent. The
current protocols suggest early treatment is ideal, and no doubt
important, however tissue destruction is already apparent at this
stage. Mechanisms to identify the patients in the period before
the clinically apparent stage would provide a golden opportunity
to stem the morbidity that ensues [4,52].

There has been a drive to minimise the systemic side effects
seen with the immunosuppressive agents deployed. Treatment
holidays can help give patients a relief and inducing drug free
remission is always a target for patients [53]. As we understand
why certain patients fail on particular therapies, tailoring drug
regimens to particular patients may reduce the likelihood of
receiving unnecessary medications and thus the side effects
that accompany. Advances in drug delivery, such as the use of
nanoparticles, targeting joint tissue to increase efficacy may also
help to reduce systemic side effects [30].

The cost of biologic agents as of 2015 was reported between

£9064 and £15,724.80 per year, depending on the biologic chosen
[54]. With biosimilar agents to anti-TNF agents approved by the
FDA and EMA, these costs are expected to decrease. No doubt this
does however indicate the clear economic burden Rheumatoid
Arthritis presents to Healthcare Systems and patients. This has to
be evaluated in conjunction with the economic and social costs as
aresult of the underlying disease process, with 36-84% estimated
to suffering work loss, underlining the need for effective early
medical management [55].

As we discuss the drug treatment advances in RA, we
cannot forget the advances in the patient-centred approach
Dudley speaks of in 1974 [1]. The medical community strives
to not only stem the disease process but manage the functional
and psychological effects of having such a debilitating disease.
Depression and anxiety have been associated with worse clinical
outcomes in patients suffering with RA, underlining the need to
effectively address mental health issues [56]. Further, the side
effects seen from medications now available are not insignificant
and thus require clinicians to remain vigilant and safe in the use
of treatments. The astonishing advance in therapies introduced
for RA in the last 30 years provides optimism but the need for
more targeted and less toxic therapies is clear. This need will be
best satisfied by combining current research into the aetiology
of rheumatoid arthritis and evolving therapeutic techniques with
reflection on past successes and failures in drug development, the
aim to realistically strive for a cure.

REFERENCES

1. Hart FD. History of the treatment of rheumatoid arthritis. Br Med J.
1976; 1: 763-765.

2. Silman A], Pearson JE. Epidemiology and genetics of rheumatoid
arthritis. Arthritis Res. 2002; 4: 265-272.

3. Alamanos Y, Drosos AA. Epidemiology of adult rheumatoid arthritis.
Autoimmun Rev. 2005; 4: 130-136.

4. Smolen JS, Aletaha D, McInnes IB. Rheumatoid arthritis. Lancet. 2016.

5. Her M, Kavanaugh A. Critical analysis of economic tools and economic
measurement applied to rheumatoid arthritis. Clin Exp Rheumatol.
2012;30: 107-111.

6. Glyn ]. The discovery and early use of cortisone. ] R Soc Med. 1998;
91:513-517.

7. Liao KP, Alfredsson L, Karlson EW. Environmental influences on risk
for rheumatoid arthritis. Curr Opin Rheumatol. 2009; 21: 279-283.

8. Shumak KH, Rock GA. Therapeutic plasma exchange. N Engl ] Med.
1984; 310: 762-771.

9. Bain W, Edgecombe W. The Physiology and Therapeutics of the
Harrogate Waters, Baths and Climate applied to the Treatment of
Chronic Disease. London, Longmans Green, 1905.

10.Jones R. Nonsteroidal anti-inflammatory drug prescribing: past,
present, and future. Am | Med. 2001; 110: 4-7.

11.Chang C. Unmet needs in the treatment of autoimmunity: from aspirin
to stem cells. Autoimmun Rev. 2014; 13: 331-346.

12.Case JP. Old and new drugs used in rheumatoid arthritis: a historical
perspective. Part 1: the older drugs. Am ] Ther. 2001; 8: 123-143.

13.Buer JK. A history of the term “DMARD”. Inflammopharmacology.
2015; 23:163-171.

JSM Arthritis 1(2): 1011 (2016)

6/9


http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1639217/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1639217/
http://www.ncbi.nlm.nih.gov/pubmed/12110146
http://www.ncbi.nlm.nih.gov/pubmed/12110146
http://www.ncbi.nlm.nih.gov/pubmed/15823498
http://www.ncbi.nlm.nih.gov/pubmed/15823498
http://www.ncbi.nlm.nih.gov/pubmed/27156434
http://www.clinexprheumatol.org/article.asp?a=6483
http://www.clinexprheumatol.org/article.asp?a=6483
http://www.clinexprheumatol.org/article.asp?a=6483
http://www.ncbi.nlm.nih.gov/pubmed/10070369
http://www.ncbi.nlm.nih.gov/pubmed/10070369
http://www.ncbi.nlm.nih.gov/pubmed/19318947
http://www.ncbi.nlm.nih.gov/pubmed/19318947
http://www.ncbi.nlm.nih.gov/pubmed/6199669
http://www.ncbi.nlm.nih.gov/pubmed/6199669
http://www.ncbi.nlm.nih.gov/pubmed/11165987
http://www.ncbi.nlm.nih.gov/pubmed/11165987
http://www.ncbi.nlm.nih.gov/pubmed/24462645
http://www.ncbi.nlm.nih.gov/pubmed/24462645
http://www.ncbi.nlm.nih.gov/pubmed/11304666
http://www.ncbi.nlm.nih.gov/pubmed/11304666
http://link.springer.com/article/10.1007/s10787-015-0232-5
http://link.springer.com/article/10.1007/s10787-015-0232-5

Aggarwal et al. (2016)
Email: dinesh.aggarwal@doctors.net.uk

@SCil\/ledCentrai

14.Refusal of the marketing authorisation for Xeljanz (tofacitinib).
EMA/248755/2013.

15.Gaujoux-Viala C, Smolen JS, Landewé R, Dougados M, Kvien TK,
Mola EM, et al. Current evidence for the management of rheumatoid
arthritis with synthetic disease-modifying antirheumatic drugs: a
systematic literature review informing the EULAR recommendations
for the management of rheumatoid arthritis. Ann Rheum Dis. 2010;
69: 1004-10009.

16.Smolen ]S, Landewé R, Breedveld FC, Buch M, Burmester G,
Dougados M, et al. EULAR recommendations for the management of
rheumatoid arthritis with synthetic and biological disease-modifying
antirheumatic drugs: 2013 update. Ann Rheum Dis. 2014; 73: 492-
509.

17.HENCH PS. The reversibility of certain rheumatic and nonrheumatic
conditions by the use of cortisone or of the pituitary adrenocotropic
hormone. Ann Intern Med. 1952; 36: 1-38.

18.Gorter SL, Bijlsma JW, Cutolo M, Gomez-Reino ], Kouloumas M, Smolen
]S, et al. Current evidence for the management of rheumatoid arthritis
with glucocorticoids: a systematic literature review informing
the EULAR recommendations for the management of rheumatoid
arthritis. Ann Rheum Dis. 2010; 69: 1010-1014.

19.Forestier J. The treatment of rheumatoid arthritis with gold salts
injection. Lancet. 1932; 1: 441-444.

20.Nieminen R, Korhonen R, Moilanen T, Clark AR, Moilanen E.
Aurothiomalate inhibits cyclooxygenase 2, matrix metalloproteinase
3, and interleukin-6 expression in chondrocytes by increasing MAPK
phosphatase 1 expression and decreasing p38 phosphorylation: MAPK
phosphatase 1 as a novel target for antirheumatic drugs. Arthritis
Rheum. 2010; 62: 1650-1659.

21.McConkey B, Amos RS, Durham S, Forster PJ, Hubball S, Walsh L.
Sulphasalazine in rheumatoid arthritis. Br Med J. 1980; 280: 442-444.

22.The Selection and Use of Essential Medicines. World Health Organ
Tech Rep Ser. 2015; 1-546.

23.Chan ES, Cronstein BN. Methotrexate--how does it really work? Nat
Rev Rheumatol. 2010; 6: 175-178.

24.Gubner R, August S, Ginsberg V. Therapeutic suppression of tissue
reactivity. II. Effect of aminopterin in rheumatoid arthritis and
psoriasis. Am ] Med Sci. 1951; 221: 176-182.

25.Goodman SM, Cronstein BN, Bykerk VP. Outcomes related to
methotrexate dose and route of administration in patients with
rheumatoid arthritis: a systematic literature review. Clin Exp
Rheumatol. 2015; 33: 272-278.

26.Swierkot ], Szechinski ]. Methotrexate in rheumatoid arthritis.
Pharmacol Rep. 2006; 58: 473-492.

27.Glen S Hazlewood, Barnabe C, Tomlinson G, Marshall D, Devoe
D, Bombardier C. Methotrexate monotherapy and methotrexate
combination therapy with traditional and biologic disease modifying
antirheumatic drugs for rheumatoid arthritis: abridged Cochrane
systematic review and network meta-analysis. BMJ. 2016; 353: 1777.

28.NamJL, Winthrop KL, van Vollenhoven RF, Pavelka K, Valesini G, Hensor
EM, et al. Current evidence for the management of rheumatoid
arthritis with biological disease-modifying antirheumatic drugs: a
systematic literature review informing the EULAR recommendations
for the management of RA. Ann Rheum Dis. 2010; 69: 976-986.

29.Diaz JC, Garcia LE, Merchante A, Perianes ]. Treatment of rheumatoid
arthritis with nitrogen mustard; preliminary report. ] Am Med Assoc.
1951; 147: 1418-14109.

30.Zampeli E, Vlachoyiannopoulos PG, Tzioufas AG. Treatment of

rheumatoid arthritis: Unraveling the conundrum. ] Autoimmun. 2015;
65:1-18.

31.Brock N. The history of the oxazaphosphorine cytostatics. Cancer.
1996; 78: 542-547.

32.Fosdick WM, Parsons JL, Hill DF. Long-term cyclophosphamide therapy
in rheumatoid arthritis. Arthritis Rheum. 1968; 11: 151-161.

33.Wallace DJ. The history of antimalarials. Lupus. 1996; 5: 2-3.

34.Block JA. Hydroxychloroquine and retinal safety. Lancet. 1998; 351:
771.

35.Walshe JM. Wilson’s disease; new oral therapy. Lancet. 1956; 270: 25-
26.

36.]affe IA. Comparison of the effect of plasmapheresis and penicillamine
on the level of circulating rheumatoid factor. Ann Rheum Dis. 1963;
22:71-76.

37.Jaffe IA. Rheumatoid Athritis with Arteritis; Report of a case Treated
with Penicillamine. Ann Intern Med. 1964; 61: 556-563.

38.Grasedyck K. [D-penicillamine--side effects, pathogenesis and
decreasing the risks]. Z Rheumatol. 1988; 47: 17-19.

39.Steen VD, Medsger TA Jr, Rodnan GP. D-Penicillamine therapy in
progressive systemic sclerosis (scleroderma): a retrospective analysis.
Ann Intern Med. 1982; 97: 652-659.

40.Marks L. The birth pangs of monoclonal antibody therapeutics: the
failure and legacy of Centoxin. MAbs. 2012; 4: 403-412.

41.Peppel K, Crawford D, Beutler B. A tumor necrosis factor (TNF)
receptor-IgG heavy chain chimeric protein as a bivalent antagonist of
TNF activity. ] Exp Med. 1991; 174: 1483-1489.

42.Monaco C, Nanchahal ], Taylor P, Feldmann M. Anti-TNF therapy: past,
present and future. Int Immunol. 2015; 27: 55-62.

43.Russell SM, Tayebi N, Nakajima H, Riedy MC, Roberts JL, Aman M]J,
Migone TS. Mutation of Jak3 in a patient with SCID: essential role of
Jak3 in lymphoid development. Science. 1995; 270: 797-800.

44.Kontzias A, Kotlyar A, Laurence A, Changelian P, O’Shea JJ. Jakinibs: a
new class of kinase inhibitors in cancer and autoimmune disease. Curr
Opin Pharmacol. 2012; 12: 464-470.

45.Milici AJ, Kudlacz EM, Audoly L, Zwillich S, Changelian P. Cartilage
preservation by inhibition of Janus kinase 3 in two rodent models of
rheumatoid arthritis. Arthritis Res Ther. 2008; 10: 14.

46.Kaur K, Kalra S, Kaushal S. Systematic review of tofacitinib: a new
drug for the management of rheumatoid arthritis. Clin Ther. 2014; 36:
1074-1086.

47.Lee EB, Fleischmann R, Hall S, Wilkinson B, Bradley JD, Gruben D, et al.
Tofacitinib versus methotrexate in rheumatoid arthritis. N Engl ] Med.
2014; 370: 2377-2386.

48.Zhang X, Liang F, Yin X, Xiao X, Shi P, Wei D, et al. Tofacitinib for acute
rheumatoid arthritis patients who have had an inadequate response
to disease-modifying antirheumatic drug (DMARD): a systematic
review and meta-analysis. Clin Rheumatol. 2014; 33: 165-173.

49.van der Heijden JW, Dijkmans BA, Scheper R], Jansen G. Drug Insight:
resistance to methotrexate and other disease-modifying antirheumatic
drugs--from bench to bedside. Nat Clin Pract Rheumatol. 2007; 3: 26-
34.

50.0kada Y, Wu D, Trynka G, Raj T, Terao C, Ikari K, et al. Genetics of
rheumatoid arthritis contributes to biology and drug discovery.
Nature. 2014; 506: 376-381.

51.Yarwood A, Eyre S, Worthington J. Genetic susceptibility to rheumatoid
arthritis and its implications for novel drug discovery. Expert Opin

JSM Arthritis 1(2): 1011 (2016)

7/9


1.%09Gaujoux-Viala C,  Smolen JS, Landew� R, Dougados M, Kvien TK, Mola EM, et al. Current evidence for the management of rheumatoid arthritis with synthetic disease-modifying antirheumatic drugs: a systematic literature review informing the EULAR recommenda
1.%09Gaujoux-Viala C,  Smolen JS, Landew� R, Dougados M, Kvien TK, Mola EM, et al. Current evidence for the management of rheumatoid arthritis with synthetic disease-modifying antirheumatic drugs: a systematic literature review informing the EULAR recommenda
1.%09Gaujoux-Viala C,  Smolen JS, Landew� R, Dougados M, Kvien TK, Mola EM, et al. Current evidence for the management of rheumatoid arthritis with synthetic disease-modifying antirheumatic drugs: a systematic literature review informing the EULAR recommenda
1.%09Gaujoux-Viala C,  Smolen JS, Landew� R, Dougados M, Kvien TK, Mola EM, et al. Current evidence for the management of rheumatoid arthritis with synthetic disease-modifying antirheumatic drugs: a systematic literature review informing the EULAR recommenda
1.%09Gaujoux-Viala C,  Smolen JS, Landew� R, Dougados M, Kvien TK, Mola EM, et al. Current evidence for the management of rheumatoid arthritis with synthetic disease-modifying antirheumatic drugs: a systematic literature review informing the EULAR recommenda
1.%09Gaujoux-Viala C,  Smolen JS, Landew� R, Dougados M, Kvien TK, Mola EM, et al. Current evidence for the management of rheumatoid arthritis with synthetic disease-modifying antirheumatic drugs: a systematic literature review informing the EULAR recommenda
http://www.ncbi.nlm.nih.gov/pubmed/24161836
http://www.ncbi.nlm.nih.gov/pubmed/24161836
http://www.ncbi.nlm.nih.gov/pubmed/24161836
http://www.ncbi.nlm.nih.gov/pubmed/24161836
http://www.ncbi.nlm.nih.gov/pubmed/24161836
http://www.ncbi.nlm.nih.gov/pubmed/14895019
http://www.ncbi.nlm.nih.gov/pubmed/14895019
http://www.ncbi.nlm.nih.gov/pubmed/14895019
1.%09Gorter SL,  Bijlsma JW, Cutolo M, Gomez-Reino J, Kouloumas M, Smolen JS, et al. Current evidence for the management of rheumatoid arthritis with glucocorticoids: a systematic literature review informing the EULAR recommendations for the management of rh
1.%09Gorter SL,  Bijlsma JW, Cutolo M, Gomez-Reino J, Kouloumas M, Smolen JS, et al. Current evidence for the management of rheumatoid arthritis with glucocorticoids: a systematic literature review informing the EULAR recommendations for the management of rh
1.%09Gorter SL,  Bijlsma JW, Cutolo M, Gomez-Reino J, Kouloumas M, Smolen JS, et al. Current evidence for the management of rheumatoid arthritis with glucocorticoids: a systematic literature review informing the EULAR recommendations for the management of rh
1.%09Gorter SL,  Bijlsma JW, Cutolo M, Gomez-Reino J, Kouloumas M, Smolen JS, et al. Current evidence for the management of rheumatoid arthritis with glucocorticoids: a systematic literature review informing the EULAR recommendations for the management of rh
1.%09Gorter SL,  Bijlsma JW, Cutolo M, Gomez-Reino J, Kouloumas M, Smolen JS, et al. Current evidence for the management of rheumatoid arthritis with glucocorticoids: a systematic literature review informing the EULAR recommendations for the management of rh
http://www.ncbi.nlm.nih.gov/pubmed/20178133
http://www.ncbi.nlm.nih.gov/pubmed/20178133
http://www.ncbi.nlm.nih.gov/pubmed/20178133
http://www.ncbi.nlm.nih.gov/pubmed/20178133
http://www.ncbi.nlm.nih.gov/pubmed/20178133
http://www.ncbi.nlm.nih.gov/pubmed/20178133
https://www.uptodate.com/contents/sulfasalazine-in-the-treatment-of-rheumatoid-arthritis/abstract/5
https://www.uptodate.com/contents/sulfasalazine-in-the-treatment-of-rheumatoid-arthritis/abstract/5
http://www.ncbi.nlm.nih.gov/pubmed/20197777
http://www.ncbi.nlm.nih.gov/pubmed/20197777
http://www.ncbi.nlm.nih.gov/pubmed/14799481
http://www.ncbi.nlm.nih.gov/pubmed/14799481
http://www.ncbi.nlm.nih.gov/pubmed/14799481
http://www.ncbi.nlm.nih.gov/pubmed/25536122
http://www.ncbi.nlm.nih.gov/pubmed/25536122
http://www.ncbi.nlm.nih.gov/pubmed/25536122
http://www.ncbi.nlm.nih.gov/pubmed/25536122
http://www.ncbi.nlm.nih.gov/pubmed/16963793http:/www.ncbi.nlm.nih.gov/pubmed/?term=Szechi%C5%84ski J%5BAuthor%5D&cauthor=true&cauthor_uid=16963793
http://www.ncbi.nlm.nih.gov/pubmed/16963793http:/www.ncbi.nlm.nih.gov/pubmed/?term=Szechi%C5%84ski J%5BAuthor%5D&cauthor=true&cauthor_uid=16963793
http://www.bmj.com/content/353/bmj.i1777
http://www.bmj.com/content/353/bmj.i1777
http://www.bmj.com/content/353/bmj.i1777
http://www.bmj.com/content/353/bmj.i1777
http://www.bmj.com/content/353/bmj.i1777
http://www.ncbi.nlm.nih.gov/pubmed/?term=Winthrop KL%5BAuthor%5D&cauthor=true&cauthor_uid=20447957
http://www.ncbi.nlm.nih.gov/pubmed/?term=van Vollenhoven RF%5BAuthor%5D&cauthor=true&cauthor_uid=20447957
http://www.ncbi.nlm.nih.gov/pubmed/?term=Pavelka K%5BAuthor%5D&cauthor=true&cauthor_uid=20447957
http://www.ncbi.nlm.nih.gov/pubmed/?term=Valesini G%5BAuthor%5D&cauthor=true&cauthor_uid=20447957
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hensor EM%5BAuthor%5D&cauthor=true&cauthor_uid=20447957
http://www.ncbi.nlm.nih.gov/pubmed/?term=Hensor EM%5BAuthor%5D&cauthor=true&cauthor_uid=20447957
http://jama.jamanetwork.com/article.aspx?articleid=312987
http://jama.jamanetwork.com/article.aspx?articleid=312987
http://jama.jamanetwork.com/article.aspx?articleid=312987
http://www.ncbi.nlm.nih.gov/pubmed/26515757
http://www.ncbi.nlm.nih.gov/pubmed/26515757
http://www.ncbi.nlm.nih.gov/pubmed/26515757
http://www.ncbi.nlm.nih.gov/pubmed/8697402
http://www.ncbi.nlm.nih.gov/pubmed/8697402
http://www.ncbi.nlm.nih.gov/pubmed/5650792
http://www.ncbi.nlm.nih.gov/pubmed/5650792
http://www.ncbi.nlm.nih.gov/pubmed/8803902
http://www.ncbi.nlm.nih.gov/pubmed/9519945
http://www.ncbi.nlm.nih.gov/pubmed/9519945
http://www.ncbi.nlm.nih.gov/pubmed/13279157
http://www.ncbi.nlm.nih.gov/pubmed/13279157
http://www.ncbi.nlm.nih.gov/pubmed/13964452
http://www.ncbi.nlm.nih.gov/pubmed/13964452
http://www.ncbi.nlm.nih.gov/pubmed/13964452
http://www.ncbi.nlm.nih.gov/pubmed/14218939
http://www.ncbi.nlm.nih.gov/pubmed/14218939
http://www.ncbi.nlm.nih.gov/pubmed/3063003
http://www.ncbi.nlm.nih.gov/pubmed/3063003
http://www.ncbi.nlm.nih.gov/pubmed/7137731
http://www.ncbi.nlm.nih.gov/pubmed/7137731
http://www.ncbi.nlm.nih.gov/pubmed/7137731
http://www.ncbi.nlm.nih.gov/pubmed/22531443
http://www.ncbi.nlm.nih.gov/pubmed/22531443
http://www.ncbi.nlm.nih.gov/pubmed/1660525
http://www.ncbi.nlm.nih.gov/pubmed/1660525
http://www.ncbi.nlm.nih.gov/pubmed/1660525
http://www.ncbi.nlm.nih.gov/pubmed/25411043
http://www.ncbi.nlm.nih.gov/pubmed/25411043
http://www.ncbi.nlm.nih.gov/pubmed/7481768
http://www.ncbi.nlm.nih.gov/pubmed/7481768
http://www.ncbi.nlm.nih.gov/pubmed/7481768
http://www.ncbi.nlm.nih.gov/pubmed/22819198
http://www.ncbi.nlm.nih.gov/pubmed/22819198
http://www.ncbi.nlm.nih.gov/pubmed/22819198
http://www.ncbi.nlm.nih.gov/pubmed/18234077
http://www.ncbi.nlm.nih.gov/pubmed/18234077
http://www.ncbi.nlm.nih.gov/pubmed/18234077
http://www.ncbi.nlm.nih.gov/pubmed/25047498
http://www.ncbi.nlm.nih.gov/pubmed/25047498
http://www.ncbi.nlm.nih.gov/pubmed/25047498
http://www.ncbi.nlm.nih.gov/pubmed/24941177
http://www.ncbi.nlm.nih.gov/pubmed/24941177
http://www.ncbi.nlm.nih.gov/pubmed/24941177
http://www.ncbi.nlm.nih.gov/pubmed/24389749
http://www.ncbi.nlm.nih.gov/pubmed/24389749
http://www.ncbi.nlm.nih.gov/pubmed/24389749
http://www.ncbi.nlm.nih.gov/pubmed/24389749
http://www.ncbi.nlm.nih.gov/pubmed/17203006
http://www.ncbi.nlm.nih.gov/pubmed/17203006
http://www.ncbi.nlm.nih.gov/pubmed/17203006
http://www.ncbi.nlm.nih.gov/pubmed/17203006
http://www.ncbi.nlm.nih.gov/pubmed/24390342
http://www.ncbi.nlm.nih.gov/pubmed/24390342
http://www.ncbi.nlm.nih.gov/pubmed/24390342
http://www.ncbi.nlm.nih.gov/pubmed/27267163
http://www.ncbi.nlm.nih.gov/pubmed/27267163

Aggarwal et al. (2016)
Email: dinesh.aggarwal@doctors.net.uk

@SCﬂ\/lCdCentrai

Drug Discov. 2016; 11: 805-813.

52.Mankia K, Emery P. A new window of opportunity in rheumatoid
arthritis: targeting at-risk individuals. Curr Opin Rheumatol. 2016;
28:260-266.

53.Tanaka Y, Hirata S, Saleem B, Emery P. Discontinuation of biologics in
patients with rheumatoid arthritis. Clin Exp Rheumatol. 2013; 31: 22-
27.

54.[No Authors Listed] NICE issues draft guidance recommending drugs
for rheumatoid arthritis. 2015. Press Release.

55.Burton W, Morrison A, Maclean R, Ruderman E. Systematic review of
studies of productivity loss due to rheumatoid arthritis. Occup Med
(Lond). 2006; 56: 18-27.

56.Matcham F, Norton S, Scott DL, Steer S, Hotopf M. Symptoms of
depression and anxiety predict treatment response and long-term
physical health outcomes in rheumatoid arthritis: secondary analysis
of a randomized controlled trial. Rheumatology (Oxford). 2016; 55:
268-278.

JSM Arthritis 1(2): 1011 (2016)

8/9


http://www.ncbi.nlm.nih.gov/pubmed/27267163
http://www.ncbi.nlm.nih.gov/pubmed/27027813
http://www.ncbi.nlm.nih.gov/pubmed/27027813
http://www.ncbi.nlm.nih.gov/pubmed/27027813
http://www.ncbi.nlm.nih.gov/pubmed/24129132
http://www.ncbi.nlm.nih.gov/pubmed/24129132
http://www.ncbi.nlm.nih.gov/pubmed/24129132
http://www.ncbi.nlm.nih.gov/pubmed/16286432
http://www.ncbi.nlm.nih.gov/pubmed/16286432
http://www.ncbi.nlm.nih.gov/pubmed/16286432
http://www.ncbi.nlm.nih.gov/pubmed/26350486
http://www.ncbi.nlm.nih.gov/pubmed/26350486
http://www.ncbi.nlm.nih.gov/pubmed/26350486
http://www.ncbi.nlm.nih.gov/pubmed/26350486
http://www.ncbi.nlm.nih.gov/pubmed/26350486

Aggarwal et al. (2016)
Email: dinesh.aggarwal@doctors.net.uk

@SCiMedCenmﬁ

Cite this article

Aggarwal D, Abraham S (2016) Rheumatoid Arthritis Treatments: A Historical Perspective. JSM Arthritis 1(2): 1011.

JSM Arthritis 1(2): 1011 (2016) 9/9



	Rheumatoid Arthritis Treatments: A Historical Perspective
	Abstract
	Abbreviations
	Introduction
	Historical methods for treatment (early concepts) 
	Non steroidal anti-inflammatory drugs 
	Disease modifying anti-rheumatic drugs (DMARDs) 
	Early DMARDs 
	Cytotoxic agents 
	Antimalarials
	Biologic agents 
	New non-biologic synthetics: the jakinibs 

	Discussion and Conclusion 
	References
	Figure 1
	Figure 2

