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A Glance Into the Future of Rheumatology

The glory of medicine is that it is constantly moving 
forward, that there is always more to learn. (William 
James Mayo-physician and founder of the Mayo 
Clinic)

In the last decades, we have seen unprecedented 
changes in medicine and in particular in the field 
of rheumatology. From a microscopic to a macro-
scopic level, the knowledge about rheumatoid 
arthritis (RA) and the therapeutic options for the 
management of the disease have expanded 
significantly.

In recent years, we have gained deep insights into 
the etiology of the disease:1 we have learned for 
instance that RA is a heterogeneous disease that, 
based on data combining genetic risk factors and 
autoantibodies, can be classified into anti-citrul-
linated protein antibodies (ACPAs)-positive and 
-negative RA. The presence of ACPA and rheu-
matoid factor (RF), as well as elevated C-reactive 
protein (CRP) levels in some patients’ years 
before the onset of clinical symptoms, indicate 
that the immune responses critical to the devel-
opment of RA are initiated very early.2,3 
Furthermore, important cytokine signaling path-
ways which are involved in the disease progres-
sion have been identified and synovial studies 
have shown that not only adaptive but also innate 

immune responses are important.4 With increas-
ing knowledge about the pathophysiology of the 
disease, specific treatment options have expanded 
tremendously. We now possess a wide armamen-
tarium of therapeutic options ranging from old 
drugs such as steroids and disease-modifying 
anti-rheumatic drugs (DMARDs) to targeted 
therapies which aim to inhibit specific cells or 
cytokines.5,6

Also, international management recommenda-
tions have been developed that help to guide dis-
ease management which is based on new 
treatment principles such as tight control strategy 
and the treat-to-target approach with the ultimate 
goal of disease remission.7,8

Moreover, there have been great advances in the 
field of diagnostics and disease monitoring. 
Potential biomarkers or cytokine panels promise 
to allow earlier diagnosis and treatment monitor-
ing.9 With ever-improving high-resolution imag-
ing techniques and the widespread availability of 
ultrasound, the disease can be detected at a very 
early stage, and even minor disease progression 
can be assessed.10

Despite all these improvements, we are still not 
able to prevent or cure the disease. Diagnostic 
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delays due to the lack of access to a specialist and 
costly therapies are still a major obstacle for many 
patients. Even in first-world countries, the treat-
to-target principle and the goal of disease remis-
sion are often missed.11 RA is still the reason for 
disability and reduced quality of life for many 
patients.12

So, is it time to move the goalpost even further? 
Where are we heading next? And will we finally 
be able to cure the disease?

The good physician treats the disease; the great 
physician treats the patient who has the disease. 
(William Osler-Canadian physician and professor of 
medicine)

Due to the high complexity of the interplay 
between genetics and epigenetics, a genuinely 
individualized therapy for RA is currently not 
possible. At present, standard therapeutic algo-
rithms are used, but they are not tailored to the 
individual characteristics of the patient.

This is where artificial intelligence (AI) and 
machine learning (ML) promises to be a game 
changer. Owing to the constantly growing data 
volumes from various digital data sources (e.g. 
biomarker and ‘omics’ data, electronic health 
records, radiological image sets, or wearable 
data), an increasingly complex picture is being 
assembled, which can be decoded with the help of 
AI. The technology is able to identify new pat-
terns and correlations that can help us to diag-
nose and treat the disease.13

Even though the technology is still evolving, there 
are already initial models that can be used to pre-
dict therapy response14 and disease outcome.15 AI 
can already detect arthritic changes in some radi-
ological images with the precision of experts16 and 
can be used in in silico trials to develop new thera-
pies.17 Recent studies in small cohorts showed 
that individualized flare risk could also be pre-
dicted with a high probability.18 With the further 
increase in digitalisation in medicine and expo-
nentially growing digital data, ML algorithms will 
steadily improve and thus allow accurate individ-
ualized predictions in the future. RA therapy 
guidelines will become significantly more com-
plex and will be constantly updated with AI sup-
port at a much higher frequency level.

But let’s move even further from the disease to 
the patient himself. In recent years, a new 
approach to modern medicine has emerged, shift-
ing the focus away from the disease toward the 
promotion of a state of wellness defined as a state 
of optimal health. This approach is called P4 
medicine and follows the four Ps: predictive, pre-
ventive, personalized, and participatory.19 The con-
cept aims at preserving health and at early 
detection of the transition from wellness to dis-
ease to enable early intervention and thus the pre-
vention of disease. Let us take a closer look at 
each P and its relevance in RA (Figure 1).

Predictive
Prediction aims at early identification of healthy 
individuals at risk for RA and to monitor them 
closely, if necessary. In a few years, whole genome 
sequencing will presumably be available and 
affordable for everybody. New-borns will receive 
a ‘multi-omics’-testing integrating information 
obtained from each ‘omic’ discipline (in particu-
lar transcriptomics, proteomics, metabolomics, 
genomics, epigenomics, cytomics and 
environmentomics).

First steps have been taken to identify patients 
with arthralgia at risk for the development of RA 
through the integrative analysis of epigenetic 
markers and alternative splicing.20 Differences 
were observed for 59 genes with the most signifi-
cant difference in methylation in the promoter 
regions MIRLET7B and microRNA10B 
(MIR10B). MIR10B was found to regulate Th17 
cells in ankylosing spondylitis, while its role in RA 
has not been clarified. A different approach is the 
development of a polygenic risk score for RA that 
can measure individual genetic risks for certain 
diseases. So far, polygenic risk scores have been 
studied in other diseases such as cardiovascular 
disease, diabetes, and breast cancer,21 but its 
potential in rheumatic diseases is evident.22

The omic data will be combined with digital bio-
markers that play a role in the development and 
disease course of RA. In keeping with the new 
principle that ‘data is the new blood’, medical data 
collected through digital tools, such as fitness 
trackers, health apps, sleep sensors, pocket ECG, 
and blood pressure measuring devices, will be 
used to identify patterns in different populations 
and to develop models that explain, influence, or 
predict health-related outcomes. In contrast to 
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invasive biomarkers, digital data have the benefit 
of being continuously collected and thus allow for 
a longitudinal context-associated evaluation.23

‘Omics’ data and digital biomarkers will be stored 
in clouds and on a microchip inserted under the 
skin. These chips about a size of a rice grain are 
already being used in Sweden by more than 4000 
people as digital keys to swipe into their homes, 
offices, gyms, and even to buy train tickets and 
access social media.24 Based on these data, each 
individual will receive elaborated risk profiled and 
tailored prevention. Since most ‘omics’ are sub-
ject to changes over time, a single screening at 
baseline (birth) will be insufficient, and the indi-
vidual risk profile will be constantly updated to 
integrate new insights from the emerging field of 
digital biomarkers.

Once we are aware of the individual risk, imaging 
techniques like high-resolution whole-body imag-
ing can help to detect signs of inflammation 
before being clinically relevant. Vitamin and other 
deficiencies as well as metabolic disorders can be 
identified early by screening of blood and urine 
samples and countermeasures can be taken to 
maintain health. Ideally, the risk for RA-associated 
comorbidities will be known for each individual 
due to the broad screening process and can be 
minimized by individual lifestyle adjustments and 
other supportive measures.

This enables early actions to minimize risk for RA 
and preserve the state of perfect health as long as 
possible. With reliable invasive and non-invasive 
biomarkers, we will also be able to predict how 
each person will respond to therapy, diet, exer-
cise, and supplements so that therapy decisions 
can be made accordingly. Large studies have 
already investigated the efficiency of personalized 
diets based on genetic metabolic analyses.25

Preventive
Knowing the individual risk of RA, special empha-
sis must be placed on prevention to promote the 
state of well-being. Since the healthcare system 
will not be able to cover tight controls neither in 
terms of personnel nor financial resources, indi-
viduals at risk can be handed tools to monitor 
their health independently and to be vigilant for 
changes that indicate an early and potentially 
reversible disease. Among these tools, electronic 
patient reported outcomes (ePROs) have already 

or will soon find their way into rheumatology. The 
assessment of ePROS allows for continuous, 
patient-centered monitoring, and rheumatologists 
see great potential in their use.26 Other non-inva-
sive passive monitoring tools encompass weara-
bles but also non-invasive analysis devices that can 
analyze urine, stool,27 and sweat28 for anomalies.

Smart gloves can track morning stiffness and 
changes in range of motion in patients with RA.29 
The SkinBot might be crawling the body of indi-
viduals at risk to detect inflamed joints at very 
early stage.30 Furthermore, vocal pattern recogni-
tion has the potential to process voice patterns, 
such as pitch, tone, rhythm, and frequency, as 
well as breathing or coughing by AI and thus to 
develop vocal biomarkers for diseases.31 In RA, 
this could help to detect early interstitial lung dis-
ease as well as pain and fatigue. To further expand 
the home-based diagnostic arsenal, an automated 
AI stethoscope will be available to identify signs 
of interstitial lung disease and enable the differen-
tiation of ILD and pneumonia.32

All these tools will lead to continuous passive 
monitoring of patients at risk or already diseased, 
and in case of changes, patient-specific measures 
can be taken at an early stage.

PREVENTIVE

PERSONALIZED

PREDICTIVE

PARTICIPATORY

• MULTI-OMICS
• WHOLE-GENOME

SEQUENCING
• DIGITAL BIOMARKERS
• HIGH-RESOLUTION

WHOLE-BODY IMAGING

• ePROS
• NON-INVASIVE DIGITAL

MONITOING

• 3D-BIOPRINTING
• AI-GUIDED TREATMENT

ALGORITHMS
• COMPUTER-GUIDED

DIGITAL THERAPIES
• CELL-THERAPIES

• DIGITAL INFORMATION
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• SOCIAL MEDIA
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PROJECTS
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Figure 1. Four P-concept for rheumatoid arthritis.
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Furthermore, vaccinations may allow the early 
prevention of RA. Recently, passive immuniza-
tion with the protein 14-3-3zeta (ζ), that is 
involved in T-cell polarization and IL-17A signal 
transduction has been shown to suppress arthritis 
in 14-3-3ζ knockout inflammatory arthritis rat-
models by the suppression of IL-1beta levels and 
increased collagen production.33

Another approach is the polarization of T helper 
cell 2 (Th2) by the peptide vaccine CEL-4000 
which utilizes an MHC class-II specific ligand to 
activate regulatory responses.34

DEN-181 uses liposomal technology to inject 
collagen II as a liposome-encapsulated antigen 
together with calcitriol in patients with ACPA-
positive RA.35 A phase-1 trial has shown good 
safety and an effect on antigen-specific T-cells in 
RA patients, while specific effects on the preven-
tion of RA have to be studied in future trials.35

Prevention, however, should not be limited to the 
disease itself but include comorbidities. Since car-
diovascular disease due to accelerated atherogenesis 
is a common cause of premature mortality in RA, 
the search for genetic, serological, and non-invasive 
markers of cardiovascular disease in the early stages 
of this condition will be a goal to be reached.36

Personalized
The entire process of risk stratification aims at a 
personalized approach. If the transition from 
health to sickness occurs despite all preventive 
efforts, personalized medicine yields tailored 
approaches for the patients in the future: 3D bio-
printing will produce personalized pills. With 
knowledge of the needs and exact pharmacoge-
netics of the person concerned, pills can be indi-
vidually designed and provided with the required 
active ingredients and dosages. These polypills or 
‘smart’ pills can then be printed rapidly and cost-
effectively.37 Current therapy regimes such as 
methotrexate (MTX) as the cornerstone of RA 
could be replaced by, for example, tsDMARDs 
according to the individual risk profile calculated 
by ML algorithms.

Data for the ML algorithms is currently being 
collected in studies investigating the potential of 
multi-omics for the prediction of treatment 
response.38 Furthermore, cytokine signatures 
might allow the identification and stratification of 
patients with an increased risk for relapse from 

long-term remission.39 Precision medicine with 
tailored treatments to subgroups of patients will 
become reality.

In addition, genome-engineered bioartificial 
implants which regulate anti-cytokine drug deliv-
ery hold great promise for a tailored intra-articu-
lar treatment approach. Choi et al.40 were able to 
use CRISPR-Cas9 and genome editing of induced 
pluripotent stem cells in order to create a syn-
thetic gene circuit that senses changing levels of 
endogenous inflammatory cytokines to trigger a 
proportional therapeutic response. These thera-
peutic implants completely prevented increased 
pain sensitivity and bone erosions. Custom-
designed cells that express therapeutic transgenes 
in response to dynamically changing biological 
signals promises a range of potential applications 
for treating RA.

In 2020, Schett et  al.41 addressed the question: 
‘Why remission in RA is not enough?’. In routine 
clinical practice, remission is often not achieved 
or disease-related problems such as fatigue42 or 
fibromyalgia persist despite numerical remission, 
as they are not assessed by the standard remission 
scores. This is another important aspect where 
individualized therapy concepts with a focus on 
disease-related comorbidities could become more 
important. In particular, personalized computer-
based physiotherapy programs43 or digital psy-
chological support is already available today. 
AI-based rehabilitation and nutrition programmes 
with a preventive character are also feasible.

Nevertheless, current therapy concepts focus 
solely on symptom control and the prevention of 
disease progression. The downside of this con-
cept is the need for potentially lifelong therapy. 
But what if the disease were truly curable? In the 
future, the cure of rheumatic diseases is in fact 
conceivable, by applying new genetic engineering 
methods or cell-based therapies, such as autolo-
gous stem cell transplantation44 and CAR-T-cell 
therapy.45 Even if these therapy concepts are cur-
rently still risky and expensive, it can be assumed 
that the method for the therapy of autoimmune 
diseases could definitely gain in importance. In 
the future, the cure and not the remission of the 
disease may become the new target.

Participatory
Participatory decision-making has become an 
important pillar of medicine, especially in chronic 
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diseases. The goal is to move away from a pater-
nalistic top–down approach toward shared deci-
sion–making, an approach that requires a more 
precise knowledge of the health literacy of those 
affected.46 With the focus shifting away from sick 
care to healthcare and prevention of diseases being 
the highest goal in medicine, patients need to be 
extensively informed about their health and risk 
profiles and possibilities to prevent disease occur-
rence.47 With virtual reality (VR) and augmented 
reality (AR), two interactive technologies are cur-
rently being introduced in patient-centered health-
care. VR and AR can be used in patient education48 
and other settings such as medication manage-
ment and adherence improvement.49 Supporting 
patient decision aids via these emerging technolo-
gies has the potential to increase health literacy 
and enable patients to form an opinion and take 
decisions in terms of shared decision-making.

Together with VR and AR, adaptive learning 
could sustainably change patient education. 
Adaptive learning platforms use computer algo-
rithms and AI to deliver tailored information and 
learning activities and address the unique needs 
of each patient regarding his interests, level, and 
preferences. This way, learning is more efficient 
while providing great variability making learners 
more likely to stick to the program.

Further challenges and requirements
In addition to the mentioned developments and 
paradigm shifts required to establish P4 medicine 
in rheumatology, there are other important 
aspects that need to be addressed. In the long 
term, the goal is to use the P4 approach to con-
duct a more patient-oriented, efficient and cost-
effective medicine that provides the best possible 
care for each individual. Therefore, costs for 
‘omics’-analyses need to be reduced; knowledge 
must exist that enables the right interpretation of 
the data. Regulations for storage, processing, and 
distribution of data are already highly needed.50

Prediction also entails the danger of discrimina-
tion of individuals at risk by, for example, insur-
ance companies and employers. Legislation that 
prevents this discrimination is a prerequisite for 
realization of P4 medicine.

As we are constantly moving forward, the future 
for RA patients will be bright. With the availabil-
ity of digital and biological biomarkers, we will be 
able to detect and monitor the disease even more 

accurately.51 AI will help us to predict the disease 
course even better, and therefore, prevention of 
disease damage or even the onset will be much 
easier. Prevent-to-target may become a new treat-
ment approach. By combining genetic and epige-
netic data and applying ML algorithms, truly 
personalized treatment will be possible. As genetic 
and cell-based therapies are evolving the cure of 
RA might even be within reach. Continuous 
treatment adaptions, also focusing on comorbidi-
ties and lifestyle requirements, will be possible. 
As the focus of the disease management will shift 
from sick care to healthcare, our role as rheuma-
tologists will change.52

Finally, patient empowerment and participatory 
decision-making will truly put the RA patient and 
not the disease in the center just as William Osler 
suggested more than a century ago.
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