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Summary
his narrative review summarises the literature on contem-
porary understanding of adult rheumatoid arthritis (RA)
 � There are now eight approved biological disease-modifying

antirheumatic drugs (bDMARDs), two biosimilars and one
targeted synthetic DMARD in Australia with a number of new
products and biosimilars in the pipeline.

� bDMARDs have excellent efficacy, especially when combined
with traditional DMARDs, and a well characterised but
manageable safety profile.

� These expanded therapeutic options have revolutionised
patient care and made remission (including drug free
remission) a realistic goal.

� Evidence of a “window of opportunity” that changes the long
term phenotype of the disease has been well established, so
therapy should be commenced as early as possible in the
disease process and a shared care model between general
practitioner and rheumatologist provides the best outcomes.

� While there is no cure for rheumatoid arthritis, treatment has
improved to the point where many patients can achieve a
normal quality of life.

M
JA

2
0
6

(5
)

j
2
0

M
a
rch

2
0
17
T focusing on current therapy, especially biological therapy.
Articles were progressively identified by hand searching the list of
contents in leading general and rheumatology journals, on a
monthly basis over the past 6 years.

RA is a relatively common inflammatory arthritis (Box 1) and is
self-reported by 2% of the Australian population (http://www.
aihw.gov.au/rheumatoid-arthritis). It is diagnosed based on four
criteria: number and pattern of joints involved, disease duration
greater than 6 weeks, raised inflammatory markers (such as
erythrocyte sedimentation rate [ESR] or C-reactive protein [CRP]
level) andpositive serology (thewell established rheumatoid factor
or the newer cyclic citrullinated peptide antibody [CCP])1 — CCP
appears to be pathogenic and can be produced in gingival and lung
tissues.2 RA cannot be diagnosed with only one involved joint.
While there is considerable variation, either antibody is positive in
about 50% of patients at presentation, with some overlap making
about 25% seronegative. These antibodies are commonly misused
in clinical practice, and their use should be restricted to patients
with symptoms of inflammatory arthritis, especially involving
peripheral joints, where they have both diagnostic and prognostic
significance.

The cause of RA remains unknown, and many genes have been
implicated.3 Each gene (with the exception of human leukocyte
antigen) explains only a small amount of disease risk, but the
involvement of a genetic pathway has proven useful for predicting
response to therapy; for example, genes for tumour necrosis factor
(TNF) and interleukin 6 (IL-6) receptor, but not interleukin 17
receptor, have been implicated to confer susceptibility to RA, and
this closely mirrors positive clinical trial results for the first two,
and negative trials for the latter. RA was not traditionally consid-
ered a lifestyle-related disease, but recent articles give clues about
possible lifestyle modification. Smoking is a strong risk factor if a
patient has the shared epitope of genetic predisposition, and
smoking cessation appears to improve the disease outcomes,
especially in patients who are CCP positive.4 The role of other
lifestyle factors, such as sun exposure, which may be protective;5

salt intake, which may be deleterious;6 and alcohol, which may
be protective,5 remain controversial. There have been great ad-
vances in our understanding of the pathophysiology of RA with
the elucidation of critical cytokine pathways.7 Many of these have
been targeted therapeutically with great success and considerable
expense. Biological therapy for inflammatory arthritis is now
costing the Australian taxpayer over $600 million each year. Using
validated outcome measures of disease activity, patient-reported
outcomes, and a treat-to-target approach of remission in early
disease or low disease activity in established disease have led to a
paradigm shift in RA management.

Traditional disease-modifying antirheumatic drugs (DMARDs)
include methotrexate (MTX), which has become the cornerstone
drug for the management of RA; sulfasalazine; corticosteroids;
gold compounds, injectable and oral; and antimalarials. These
agents are modestly effective but are proven to slow down radio-
graphic progression, with the exception of antimalarials.8 They
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also decrease RA mortality rates, especially MTX,9 except predni-
sone, which increases death rates.10 However, historically, they
were only used after damage was apparent, even though none
have been shown to reverse progression. There is now evidence for
awindowof opportunity in thefirst 6months of the disease,where
therapies are more effective and have a long term effect on the
disease, regardless of subsequent therapy.11 This means that RA
should be diagnosed and treatedwith DMARD therapy as quickly
as possible to maximise this benefit. Indeed, most rheumatologists
in Australia have triage systems in place to see patients with RA
quickly. The dosage has increased gradually over time, to a point
where the mean dose is 20e25 mg per week, and many now use
parenteral MTX, as oral absorption peaks at 15e20 mg weekly.
MTX usage also maximises benefits and decreases side effects for
manyof the biologicalDMARDs (bDMARDs).12Anumber of other
agents such as D-penicillamine, cyclophosphamide and azathio-
prine are no longer used because of limited evidence of efficacy and
poor safety.

Better disease control commenced with the use of higher doses of
MTX, the development of leflunomide (the first of the targeted
synthetic DMARDS), the use of combination therapy (most
commonly with so-called triple therapy of MTX, sulfasalazine and
hydroxychloroquine) and the use of fish oil as adjunctive ther-
apy.13 Cyclosporine (a transplant medication), while of proven
efficacy, is rarely used due to significant side effects.

The era of bDMARDs commenced in 1996, although the first of
these agents did not become available in Australia until 2003.
This was due to their approximate cost of around $20 000 per
patient per annum. While they are very effective, with remission
rates of up to 50%,14 they are only available with government
subsidy on rheumatologist or immunologist prescription, with
very strict entry and maintenance criteria. To start these agents,
patients need to fail a 6-month intensive course of traditional
DMARDs and have poorly controlled disease (ie, 20 or more
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1 Two examples of partially controlled rheumatoid arthritis showing
synovitis in the metacarpophalangeal joints. Image A also shows
some mild subluxation commonly seen with chronic disease, and
image B shows proximal interphalangeal swelling and concomitant
osteoarthritis in the distal interphalangeal joints
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affected joints, four or more large affected joints and raised ESR
or CRP levels). Patients need a 50% improvement in joint count
and a 20% improvement in ESR or CRP levels, documented
every 6 months, to remain on these agents.

Box 2 summarises the mode of action of both biological and newer
targeted synthetic DMARDs. In general, these agents have similar
efficacy, making head to head studies desirable to choose between
them.15 The only exception to this is the yet to be released
baricitinib plus MTX — presented at the American College of
Rheumatology Annual Meeting 2015 — which has recently been
shown to be superior to adalimumab plus MTX.16 All bDMARDs
improve signs and symptoms, blood markers, x-ray progression
and important patient-reported outcomes, such as fatigue and
quality of life. According to Pharmaceutical Benefits Scheme
data, about 80% of patients meet the criteria for continuation,
indicating that primary failure is rare. Usage in Australia reflects
the length of time on the market, rheumatologists’ experience and
mode of administration, with adalimumab and etanercept being
the most commonly prescribed. Infliximab is rarely used due
to the need for intravenous administration, infusion reactions
and the well recognised tachyphylaxis over time— as this agent is
a humanemouse chimeric antibody making it prone to provoking
immunogenicity.
2 Biological and targeted synthetic agents for rheumatoid arthritis and
their mode of action

Agent Mode of action Mode of administration

Infliximab* Anti-TNF IV 8 weekly

Etanercept* Anti-TNF SC weekly

Adalimumab Anti-TNF SC fortnightly

Rituximab* B cell blockade (CD20) IV 6e12 monthly

Abatacept T cell co-stimulation blocker SC weekly or IV monthly

Golimumab Anti-TNF SC 4 weekly

Tocilizumab IL-6 receptor blocker SC weekly or IV 4 weekly

Certolizumab Anti-TNF SC 2 or 4 weekly

Tofacitinib JAK inhibitor PO BD

Coming soon

Baricitinib JAK inhibitor PO once daily

Sarilumab IL-6 receptor blocker SC fortnightly

Sirukumab Direct IL-6 inhibition SC

Anti-TNF ¼ antitumour necrosis factor inhibition, BD ¼ twice a day, IL-6 ¼ interleukin 6,
IV ¼ intravenous, JAK ¼ Janus kinase, PO ¼ oral, SC ¼ subcutaneous injection. * Now available as
biosimilar. u
The initial therapy with biological agents is most often
an antitumour necrosis factor (anti-TNF) agent plus
MTX. If the latter is not tolerated or contra-indicated,
then leflunomide, sulfasalazine or hydroxychloroquine
may be used, with variable evidence of efficacy. Evi-
dence favours IL-6 receptor blockade17 or tofacitinib18 if
combination therapy is not appropriate. Despite this
evidence, up to a third of Australian patients are on anti-
TNF monotherapy, which works about as well as MTX,
but costs much more. Switching for adverse effects or
loss of efficacy over time between anti-TNFs is also
common. However, recent evidence suggests that a
switch to a different mode of action gives superior re-
sults in those with an insufficient response to the first
anti-TNF.19 Anti-TNF agents work better in those who
are seronegative, rather than in those who are seropos-
itive, while rituximab, tocilizumab and abatacept work better in
those who are seropositive.20 Anti-TNF agents should be avoided
in those patients with tuberculosis, multiple sclerosis, cancer
within the past 5 years, or heart failure.
Toxicity concerns

Managing the well documented toxicities of all available agents
requires substantial rheumatological expertise, often in consulta-
tion with the general practitioner and other subspecialists. Com-
mon or serious side effects by class are listed in Box 3. Serious
infection rates in this group of patients vary from 3% to 6% per
annum.26 This appears to relate strongly to disease problems (as
infection rates are higher in RA than other arthritides treated with
bDMARDs), age, corticosteroid usage27 and medication. If a
patient is at high risk of infection, then the first step is to minimise
the dose of corticosteroid. In terms of bDMARDs, the agents with
the lowest infection rates are abatacept, rituximab and eta-
nercept,26 and they tend to be used more commonly in those aged
over 65 years. Injection site reactions are also common, but rarely
lead todiscontinuation.Haematologicalmonitoring is not required
for anti-TNF agents, but all patients should be screened for tuber-
culosis, hepatitis B and C and human immunodeficiency virus
before commencing therapy, and should be regularly
rescreened if they live in endemic areas. IL-6 blockers
require regular testing of full blood count, liver function
tests and lipids. Abatacept and rituximab do not require
screening tests or monitoring, although many rheuma-
tologists check CD19 levels before re-treating with rit-
uximab as these can takemonths or occasionally years to
return to pre-dose levels; moreover, immunoglobulin
levels should be monitored in those receiving long term
rituximab as it may cause hypogammaglobulinaemia.
Vaccination against influenza and pneumococcus is
recommended for all patients with RA.28 In addition,
patients should ideally receive herpes zoster vaccine
before starting therapy,28 especially those on tofacitinib,
even though this delays the initiation of medication.
Biosimilar or bio-originator?

The advent of biosimilars will result in significant de-
creases in the cost of bDMARDs. However, the process
is not as straightforward as it is for generic small mole-
cules, where bioequivalence is all that is required to be
demonstrated for regulatory approval. bDMARDs are
complex highmolecular weight molecules that can vary
inmanyways, and themethod of synthesis has changed



3 Common and serious side effects for biological and targeted
synthetic DMARDs21-25

Common side effects (> 1%) Rare serious side effects

Anti-TNF Injection site reactions
Serious infection

Drug-induced Lupus
Reactivation of TB
Sarcoidosis
Pustular psoriasis

IL-6 blockade Neutropenia
Serious infection
Increased lipids
Abnormal liver function tests
(with methotrexate)
Injection site reactions (SC version)

Anaphylaxis (IV version)

B cell blockade Infusion reactions
Serious infections

Progressive multifocal
leukoencephalopathy
Hypogammaglobulinaemia

T cell blockade Serious infections

JAK inhibition Zoster
Serious infections

Renal impairment
Anaemia

*Anti-TNF ¼ antitumour necrosis factor inhibition, IL-6 ¼ interleukin 6, IV ¼ intravenous,
JAK ¼ Janus kinase, SC ¼ subcutaneous, TB ¼ tuberculosis. u
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over time. Thus, bioequivalence is not sufficient and, in general,
regulators require large non-inferiority trials that compare the
biosimilar with the bio-originator for at least one approved indi-
cation; for example, the biosimilar infliximab was studied in RA
and ankylosing spondylitis,29,30 whereas the biosimilar etanercept
was studied only in RA.31 If non-inferiority is demonstrated in
these trials, then extrapolation to all previously approved in-
dications is assumed to be valid. Development costs would be
much higher if the original phase 3 program had to be fully repli-
cated. The major concern relates to switching — which is freely
allowed in Australia — as both of these agents are A flagged,
meaning that they should not be substituted, but the reality is that
theymaybe substituted bypharmacists depending onwhich agent
is in stock. A single switch has been shown to be safe,32 but as
multiple biosimilars of the same agent are approved, the safety of
multiple switches is unknown. The concern is that the potential for
formation of neutralising antidrug antibodies will be heightened
by multiple switches, with resulting loss of efficacy and
toxicity. At present, it is preferable that the patient re-
mains on the same formulation (whether bio-originator
or biosimilar) on a consistent basis.
Tapering

Studies are now underway to examine tapering and
withdrawal of bDMARD therapy in patients in clinical
remission, using power Doppler ultrasound scan to
show absence of synovitis, and in those with normal
CRP and ESR levels to reduce cost and risk of adverse
effects.Withdrawal is especially suitable for the targeted
synthetic DMARDs, as the development of antibodies
against the compound is not a problem with small
molecules.
Future directions

There is still an unmet need in RA, with most patients
achieving at least a major clinical improvement, but with
many still not achieving remission status. A number of
novel agents are in development, including Australian
discoveries such as mavrilimumab (a granulocyte-macrophage
colony-stimulating factor antagonist)33 and novel ways of prevent-
ing RA using a vaccine-like approach, which induces dendritic cell
tolerance in patients who are CCP positive.34 Thus, there is much to
look forward to for patientswithRA. TheAustralian Rheumatology
Association has an excellent online resource for RA (http://
rheumatology.org.au).
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