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This publication summarises presentations given by renowned rheumatologists at a Sandoz-sponsored 
scientific education event in Australia in February 2021 (Scientific Education Events in Rheumatology by 
Sandoz, SEERS). Professor Gerd Burmester provided an overview of the history of the biologics with a 
focus on rheumatology, and Professor Ranjeny Thomas talked of disease interception and the potential for 
preventing rheumatoid arthritis in the future.

Biologics in 2020: history and perspectives
Professor Gerd Burmester
Historically, the goal of treatment in rheumatoid arthritis has been to partially reduce disease activity. In the 1993 
Primer on Rheumatic Diseases textbook, the foundation of the therapeutic pyramid for rheumatoid arthritis included 
rest, combined with basic anti-inflammatory therapy with salicylates or other nonsteroidal anti-inflammatories 
(NSAIDs), with disease-modifying antirheumatic drug (DMARD) therapy added if needed.1 In the almost 30 years 
since this was published, there has been tremendous progress in the field of rheumatology, particularly with 
the development of the biologics.

Revolution in the treatment of rheumatic diseases
Important early milestones in the revolution of rheumatic disease treatment include the discovery of glucocorticoids 
in the 1950s, and then methotrexate, approved in 1988, and more recently, the biologics, small molecules and 
biosimilars (Figure 1).2

The first indication for the biologics was rheumatoid arthritis, and then ankylosing spondylitis and subsequently 
psoriatic arthritis were added as indications. The list of approved indications for biologic therapy now also 
includes psoriasis, juvenile idiopathic arthritis, Crohn’s disease, ulcerative colitis, cryopyrin-associated periodic 
syndrome, systemic lupus erythematosus, granulomatosis with polyangiitis and gout. 

Figure 1. Treatments for rheumatic diseases – from 1999 (infliximab) onwards.2

The first antibody treatment was developed by Emil von Behring in 1890, against diphtheria, which at the time, 
in Germany, was the number one killer of children. Subsequent milestones in the pathway towards the biologics 
include Paul Ehrlich’s idea of antibody treatment – ‘Seitenketten’ (side chain) Therapie, in 1896 – with Ehrlich 
proposing use of antibodies as Magic Bullets (‘Zauberkugeln’) to cure diseases in 1906. By 1929 Ehrlich had 
lost hope, stating that nothing successful can be hoped regarding this direction of therapy. But luckily, he was 
entirely wrong because the biologics are a tremendous success.
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In addition to TNF-alpha, interleukin 6 (IL-6), a very pleiotropic cytokine, was thought 
to be important in rheumatoid arthritis pathogenesis, and it was on this basis that 
tocilizumab, directed against the IL-6 receptor, was developed. Subsequently, 
there have also been some developments into tackling the ligand, IL-6 itself, but 
only olokizumab has survived, with very good effects, and there is also a second 
anti-receptor antibody called sarilumab.

Other biologics of importance
Other important milestones in biologics development and use include:

• Infliximab in ankylosing spondylitis and psoriasis

• IL-17 agents (such as secukinumab) in ankylosing spondylitis and psoriasis

• Abatacept in rheumatoid arthritis

• Rituximab for rheumatoid arthritis

Biosimilars
Biosimilars are now very important, they are game changers, making it possible to 
treat more patients with biologics, particularly in countries that have fewer resources. 
Biosimilars have been developed for many of the biologics, including infliximab, 
adalimumab, etanercept and rituximab, and these are widely accepted in many 
countries. There are many examples showing that it does not really matter if you 
take the original compound or if you switch to the biosimilar, the clinical efficacy, 
pharmacokinetics and the side effect profile are the same.8, 9 The EMEA said the 
biosimilars are a good way to save money, while maintaining good therapeutic success.10

Biologics and safety
Now we have 20 years of experience, we know that the most serious reported 
adverse events are serious infections, such as tuberculosis, and that opportunistic 
infections are rare events. Malignancy rates are similar to expected rates in the 
general population, with the possible exception of skin cancer, lymphoma rates are 
consistent with the expected rate in the background of rheumatoid arthritis, and 
we do not see increased risk of cardiovascular disease with anti-TNF agents, they 
might even be protective here. Standard mortality rates are at least comparable 
to expected rates in the general population and there might in fact be a survival 
advantage compared with the general population.11

Biologics are here to stay
Despite the development of new small molecules, the biologics are here to stay. 
They are very specific, as well as being selective, they have no off-target effects 
regarding cytochrome inhibition, and have a very good safety profile. Their long 
half-life leads to long action, they can be modified – they can be bispecific,  
can have the addition of molecules (such as radioactive molecules) – and with 
modern technology, their rapid generation can mean it is possible to quickly 
address newly emerging needs such as SARS-CoV2. In many parts of the world, 
biosimilars can lead to significant cost savings, and in many indications there are 
no alternatives with small molecules.

Preventing rheumatoid arthritis: within reach

Professor Ranjeny Thomas
Disease interception means implementation of drugs at an earlier time in the 
disease process, to slow or prevent the disease from progressing. This involves 
treatment when a patient has no, or early (pre-diagnosis), symptoms. Intervention 
would involve prognostic and/or stage-specific risk biomarkers, with treatment 
implemented to prevent disease symptoms using the risk biomarker. An example of 
disease interception is the statins, with the risk biomarker being cholesterol, where 
they are used to prevent future myocardial infarction or stroke.

Disease interception for rheumatoid arthritis?
Seventy percent of patients with rheumatoid arthritis are autoantibody seropositive: 
anti-citrullinated peptide antibody (ACPA), and rheumatoid factor (IgG)+, with 
antibodies developing up to 15 years before disease onset. Notably, ACPA+ disease 
is associated with particular HLA-DR (shared epitope alleles) and with smoking.

There are some other important risk factors for rheumatoid arthritis, particularly in 
seropositive disease, including family history/genetic risk, female sex, smoking, and 
high body mass index (BMI). The population attributable risk of known behavioural 
factors for rheumatoid arthritis is 40%, which means that up to 40% of rheumatoid 
arthritis is preventable with lifestyle intervention (Figure 3).

The breakthrough – monoclonal antibodies
The true breakthrough in the revolution in rheumatology was the development of 
monoclonal antibodies. These were first developed by researchers investigating 
immunoglobulin genetics, who needed to increase the amount of material available 
to study, and hence cloned antibodies to produce monoclonal antibodies. In 1974, 
the first monoclonal antibodies were developed, and were first used in humans in 
1986. In 1991, we published our first paper using an anti CD4 monoclonal antibody 
to treat very severe cases of rheumatoid arthritis, and it was quite effective at that 
time.3 However, another study by a different group of researchers using a different 
anti CD4 monoclonal antibody in rheumatoid arthritis, although initially promising, 
didn’t perform any better than placebo in a subsequent controlled trial.4 The anti 
CD4 approach at this time didn’t really work, but it was not known then that we 
have CD4 effector cells and CD4 regulatory cells, and that it depends which you 
hit as to whether your therapy will be effective or not.

Table 1. Many biologics used in rheumatology were initially planned for use in 
other indications

Biologic Initial planned primary indication

Infliximab Sepsis

Etanercept Sepsis

Adalimumab Graft-versus-host disease

Rituximab Non-Hodgkin lymphoma

Abatacept Transplantation/psoriasis

Tocilizumab Multiple myeloma

Although the anti CD4 approach was initially considered ineffective in rheumatoid 
arthritis, study in this area did resume at a later date. Many of the biological 
agents currently in use in rheumatology were initially planned for use in various 
different indications, and largely through serendipity were found to be effective in 
rheumatology (Table 1). For example, anti-TNF treatment did not work in sepsis, 
but then it was discovered that TNF alpha might be a very interesting target in 
rheumatoid arthritis (Figure 2).
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Figure 2. Pathogenesis of arthritis and targets of therapy.
Compiled by G. R. Burmester based on information from company members.

It was a lucky coincidence that researchers looking at TNF-alpha in rheumatoid 
arthritis were given leftover TNF-alpha (infliximab), tried it in a pivotal trial, and were 
able to show that this agent performed very well.

Subsequently, etanercept was developed, with two early published studies showing 
very positive results,5, 6 and etanercept was approved for use in juvenile rheumatoid 
arthritis on the basis of fewer than 200 individuals;7 etanercept has been a game 
changer in paediatric rheumatoid arthritis. Moreover, adalimumab, one of the 
most best-selling drugs of all times, was initially developed for the treatment of 
graft-versus-host disease, and there were no early publications in the big journals, 
just one review type paper showing preliminary results. Golimumab should also be 
mentioned here, as another fully human monoclonal anti-TNF antibody
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Figure 4. Preventing rheumatoid arthritis – lifestyle intervention, disease interception and control.12

CSA/UA = Clinically suspect arthralgia/Unclassified arthritis.

Our vision is for wearable precision monitoring that would include things like 
symptoms on the day, and a risk score (lifestyle, genetic factors and antibodies and 
inflammatory markers) that before disease onset might vary depending on lifestyle 
and interventions. When risk score goes up, a patient could monitor more frequently 
to see when therapy might need to be repeated or instituted.
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There remain several important challenges in the development of antigen-specific 
immunotherapy in rheumatoid arthritis. For this reason, it is likely that the clinical 
efficacy of antigen-specific immunotherapy may first be demonstrated in a disease 
like coeliac disease or type 1 diabetes.

There are challenges around developing robust assays of antigen-specific 
T cells, which has been a major stumbling block in the field. The development of 
peptide-specific T-cell tetramer assays may help to address this particular challenge.15

A major challenge in rheumatoid arthritis is around identifying the important antigens 
that are actually involved, what antigens are in the synovial tissue that are stimulating 
the T cells that enter that space? In working to discover what these T cells recognise, 
we found that the most expanded T cell clonotypes that are shared between 
peripheral blood and synovial tissue are cytotoxic CD8 T cells, and this brings 
home the importance of controlling the bystander CD8 inflammatory drive when 
treating rheumatoid arthritis.

How do we prevent rheumatoid arthritis?
Currently, DMARDs and biologics are available as treatment, but to prevent 
rheumatoid arthritis we would potentially commence these treatments back in the 
pre-rheumatoid arthritis period. While not expecting to cure anyone at this point with 
this approach, potentially by adding tolerising immunotherapy guided by biomarkers, 
this might become a reality for high-risk individuals. In earlier pre-rheumatoid 
arthritis phases, while we would not be able to justify giving DMARDs, there is a 
big opportunity for all of us to undertake lifestyle intervention, and to get people 
onto regular exercise, particularly high-intensity exercise, and to improve their diet 
(the Mediterranean diet for example). There may also be a place for oral therapies 
such as probiotics to influence the mucosal barrier function at this stage, but we 
need trial evidence (Figure 4). We currently have an Australia-wide at-risk cohort; 
we are recruiting through A3BC, symptomatic individuals who are APCA+ but who 
do not yet have rheumatoid arthritis, aiming to develop personalised risk scoring 
and biomarkers of progression.

Figure 3. Natural history of rheumatoid arthritis.12

CSA/UA = Clinically Suspect Arthralgia/Unclassified Arthritis.

Can rheumatoid arthritis be intercepted by earlier 
DMARDs?
If DMARDs are given before onset of rheumatoid arthritis, we will reduce the severity 
of rheumatoid arthritis and improve the outcome. Rheumatoid arthritis onset is 
delayed rather than prevented, because these drugs suppress inflammation rather 
than inducing tolerance. But what about immunotherapy?

Evidence from type 1 diabetes
Type 1 diabetes has very similar disease pathogenesis to rheumatoid arthritis:

• Some of the same HLA subtypes

• Immunoregulatory genes contribute to genetic risk

• Imbalance in regulatory and effector cells

• Autoantibody development

• Epitope spreading

• Disease activity manifested as loss of glycaemic control

• Diagnosis with full-blown disease.

There are no conventional disease-modifying agents available for the treatment of 
type 1 diabetes, and thus there has been a focus on developing tolerising strategies 
to increase immune regulation. Teplizumab was the agent that provided the most 
hope, but it failed to meet the primary endpoint in recent-onset disease.13 However, 
a landmark trial in 2019 demonstrated that when given in high-risk individuals in a 
short course, teplizumab was able to halve progression to diabetes compared with 
placebo within 2 years of getting teplizumab.14 To achieve disease interception in 
type 1 diabetes using this approach, screening for at-risk patients would need to be 
performed across the population, we would need at-risk investigation and management 
clinics, and we would need a national screening programme (which is currently 
being rolled out in various countries, and is at early stages in Australia). We would 
also need to monitor treated children to determine the need for further treatment.

Back to rheumatoid arthritis
We are asking a similar question in rheumatoid arthritis, because the at-risk period is 
similar, but rheumatoid arthritis has the advantage that many at-risk people develop mild 
or intermittent symptoms whereas diabetes is silent. Antigen-specific immunotherapy 
is a future approach for safe interception to induce immune tolerance in people at risk 
of rheumatoid arthritis. One current approach is a subcutaneously administered dose 
of liposomes carrying a joint-specific peptide, collagen II peptide antigen plus the NF k 
B inhibitor calcitriol (vitamin D3). In this approach, uptake into the antigen-presenting 
cell enables antigen presentation to collagen-specific T cells, with antigen-specific 
regulation through functional effects on dendritic cells and on antigen-specific T cells. 
Autoantigen specificity avoids generalized immune suppression and has low toxicity. 
In preclinical models, this resets the effector cells to a regulatory function, with 
increasing regulatory capacity in the joint where the peptide is presented. Multiple 
mechanisms are thought to be involved. Key points are that inflammation supports 
tolerance, so where the dendritic cells express the checkpoint molecule PDL1 and 
take up the liposomes, they suppress the effector T cells, and thus increase regulation. 
Secondly, tolerogenic therapy with a single peptide supports bystander tolerance, 
suppressing other joint-reactive T cells.
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