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Abstract

Rheumatoid arthritis (RA) is currently diagnosed and treated when an individual presents to health
care with signs and symptoms of inflammatory arthritis (1A) as well as other features such as
autoantibodies and/or imaging findings that provide sufficient confidence that the individual has
RA-like 1A (e.g. meeting established classification criteria) that warrants therapy. However, it is
now known that there is a stage of seropositive RA during which circulating biomarkers and other
factors (e.g. joint symptoms) can be used to predict if and when an individual who does not
currently have 1A may develop future clinically-apparent 1A and classified RA. Indeed, the
discovery of the ‘Pre-RA’ stage of seropositive disease has led to the development of several
clinical trials where individuals are studied to identify ways to delay or prevent the onset of
clinically-apparent IA/RA. This review will focus on several issues pertinent to understanding the
prevention of RA. These include discussion of the pathogenesis of Pre-RA development,
prediction of the likelihood and timing of future classified RA, and a review of completed and
ongoing clinical trials in RA prevention. Furthermore, this review will discuss challenges and
opportunities to be addressed to effect a paradigm shift in RA where in the near future, proactive
risk assessment focused on prevention of RA will become a public health strategy in much the
same manner as cardiovascular disease is managed today.

Keywords

Rheumatoid arthritis; Pre-rheumatoid arthritis; Pre-RA; Preclinical rheumatoid arthritis;
Preclinical RA; Prevention; Prediction

Rheumatoid arthritis (RA) is a common chronic autoimmune disease (1), causing substantial
morbidity and decreased quality of life as well as increased mortality and annual costs of
billions of dollars (1).

The current clinical management of seropositive RA (e.g. abnormalities of rheumatoid factor
[RF] and/or antibodies to citrullinated protein antigens [ACPA]) is focused on initiating
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treatment once an individual develops symptomatic and clinically-identifiable inflammatory
arthritis (1A), that may also be classifiable as RA by established criteria (2-4). Importantly,
however, due factors including an individual’s delay in seeking care for symptoms, and
delays of a referral to a specialist, the time between onset of symptoms and initiation of
disease-modifying anti-rheumatic drug therapy is often delayed beyond what is ideal
especially given that earlier diagnosis and treatment improves outcomes (5, 6). Furthermore,
while new drugs and treat-to-target strategies have improved disease control, for many
individuals, treatment does not return them to a “pre-RA” state of symptoms (7). These
factors, along with the high costs of managing RA, medication side-effects and growing
limits of access to rheumatology worldwide (8), make RA a disease that in principle would
be benefitted by preventive approaches.

Pathogenesis of RA: detectable autoimmunity before clinically-apparent 1A

For most individuals who develop seropositive RA, there is a period characterized by
systemic elevations of RA-related autoantibodies prior to the development of clinically-
apparent IA/RA that is typically identified on physical examination as a swollen joint
consistent with synovitis (9-15). A model of this development, and a series of key case-
control and prospective studies that have supported this model are included in Figure 1 and
Table 1, respectively. These autoantibodies include multiple isotypes of RF and ACPA,
ACPA fine specificities (e.g. antibodies to citrullinated fibrinogen), and antibodies to
carbamylated proteins and peptidyl arginine deiminases (16-18).

Based on current data, it appears that this early stage of RA is characterized by early
reactivity to a limited number of self-antigens, and limited systemic inflammation, that is
followed by evolution over time of expanding innate and adaptive responses and tissue
injury until some threshold is crossed and clinically-apparent IA/RA develops. This model
has been supported by findings of increases over time in the numbers and type of ACPA
(18-21), as well as expansion of other autoantibody systems and increasing systemic
inflammation (e.g. cytokines) (22-24). Other processes that occur during this period include
altered autoantibody glycosylation (25), and changes in cellular phenotypes such T cell
subsets (26). While not consistent across all studies, it appears that in many individuals,
ACPA precede RF and other autoantibodies (e.g. anti-CarP), which may indicate that ACPA
are reflective of the earliest breaks in tolerance (16, 21), and that development of multiple
types of autoantibodies is fundamentally related to a transition to clinically-apparent disease.

Importantly, while expansion of autoimmunity and inflammation characterize this period,
the key biologic pathways that drive initial autoimmunity and then a transition to a more
pathogenic state and clinically-identifiable IA/RA are not known. Moreover, many purported
risk factors for RA have been identified only in individuals with clinically-apparent articular
RA; therefore, the role of these factors in the initiation and propagation of autoimmunity and
inflammation prior to clinically-apparent IA/RA is not well understood. However, some risk
factors that are associated with future risk for RA have been prospectively identified in Pre-
RA (Table 2, and reviewed in (27)). In particular, for some individuals interactions between
tobacco smoke and the SE may play an important role in these early processes and in
increasing the risk for a transition from autoantibody positivity to clinically-apparent IA/RA
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(20, 28). In addition, many individuals with systemic elevations RA-related autoantibodies
have no evidence of synovitis on physical exam, imaging, or synovial biopsy (29, 30). This
strongly suggests that autoimmunity in these individuals is generated outside of the joints,
with emerging evidence suggesting this site may be mucosal (e.g. lungs, periodontium,
intestine) and related to the microbiome, and is an active area of investigation (reviewed in

(31)).

Nomenclature

Several terms, including Pre-RA, preclinical RA and “at-risk’ are commonly used to
describe the period of development of RA before clinically-apparent 1A. Of these terms, Pre-
RA has been suggested by a European League Against Rheumatism (EULAR) study group
in 2014 (32). As such, we will use that term within this review. However, there are some
caveats with this term including that the EULAR study group suggested it be applied only
when individuals were later known to progress to clinically-apparent RA. It is also not clear
how to apply the term to individuals who may have clinically apparent 1A even if not
classifiable as RA since those individuals are typically clinically treated as RA. Additionally,
as discussed in more detail below, as the understanding of Pre-RA evolves, it is likely that
different terms to describe stages of RA will be needed that will facilitate research and
clinical care, align with the biology of disease and facilitate communication with individuals
who may be evaluated for prevention.

Current prediction models for future RA

Multiple case-control studies demonstrate that serum elevations of ACPA and/or RF have
high (often >80%) positive predictive values (PPVs) for future IA/RA (12, 13, 24) (Table 1).
Moreover, while retrospective case-control studies may overestimate PPVs, in prospective
studies that include ACPA (+/- RF), symptoms and other factors, PPVs for the development
of IA/RA within 2-6 years range from ~30% to greater than 70%, with the highest PPVs in
subjects with high levels of autoantibodies, or dual positivity for ACPA and RF (15, 33).

As an example, in a Dutch study of 347 subjects with RF and/or ACPA positivity and joint
symptoms but no IA at a baseline physical examination, 131 (35%) individuals developed 1A
in a median 12 months (29); furthermore, among individuals with a baseline high-risk score
comprised of ACPA, RF and other factors, 74% developed IA/RA within 3 years. In
addition, in a study in the United Kingdom of 100 ACPA positive subjects with arthralgia,
50 (50%) developed IA/RA after a median of 7.9 months (33); furthermore, among
individuals with a baseline high-risk score comprised of examination findings, symptoms,
genetic and autoantibody testing, and an abnormal power-doppler ultrasound finding, ~68%
developed IA within 24 months.

Importantly, these two studies have included two aspects of prediction: likelihood (i.e. will
someone get 1A) and timing (i.e. when will they get 1A). As discussed below, these aspects
can be used to counsel individuals who are facing decisions regarding their future risk for

IA/RA, timing of clinical follow-up, and participating in a trial. Furthermore, these aspects
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support clinical trial design where it is essential to have accurate estimates of the expected
number of “events” (i.e. incident IA/RA) within a given time frame.

Of note, inflammatory tests such as C-reactive protein have been demonstrated to be
elevated in Pre-RA although they have not been consistently helpful in improving prediction
models (24, 29, 33); furthermore, while in conjunction with autoantibodies, cytokines/
chemokine abnormalities have been shown to be useful in prediction (18, 24), this has not
yet been extensively validated.

Prevention: rationale, design and existing studies

Rheumatologists are familiar with many ‘preventive’ approaches in the care of individuals
with RA. These include the prevention of worse joint damage in individuals with established
RA, osteoporotic fractures, or future flares in individuals who have had acute gouty arthritis.
Nevertheless, it is relatively novel concept to consider prevention of the first onset of
clinically-apparent manifestation of a disease.

Several factors have underpinned the development of clinical trials that have the “intent to
prevent” (phrase courtesy Marvin Fritzler) the onset of clinically-apparent IA/RA. These
factors include the predictive ability of autoantibodies, especially ACPA and improved
identification of individuals with biomarker elevations through clinical care as well as
approaches such as screening in populations at higher risk for RA such as first-degree
relatives of individuals with RA (15, 34-36). There are also observations that antimalarials
may prevent future flares in “palindromic rheumatism”(37). Furthermore, findings of a
‘window of opportunity’ in RA where earlier treatment in individuals with established 1A
may lead to improved outcomes and perhaps increases in drug-free remission suggest that
the immune system may be more amenable to ‘normalization’ if treated early (5).

Building on these factors, two clinical trials to prevent the first onset of clinically-apparent
IA have been completed. In one, 83 ACPA and/or RF positive individuals with arthralgia yet
without A on physical examination were randomized (1:1) to receive two doses of
dexamethasone 100 mg intramuscularly 6-weeks apart, or placebo (38). IA rates were not
different between arms (20% vs. 21%), although there was a decrease of autoantibody levels
in treated individuals. In the PRAIRI trial (Prevention of clinically manifest rheumatoid
arthritis by B-cell directed therapy in the earliest phase of the disease) study (39), 81
subjects with baseline ACPA and RF positivity and elevated C-reactive protein (>0.6 mg/L)
were randomized (1:1) to receive 1000 mg rituximab for one dose, vs. placebo, and all
subjects received methylprednisolone 100 mg intravenously. The rates of IA were not
significantly different between arms (34% in treated vs. 40% in placebo); however, the onset
of 1A was delayed such that the time point at which 25% of subjects in the treated arm
developed IA was ~12 months longer compared to placebo.

There are several other prevention studies underway. StopRA (Strategy for the Prevention of
the Clinically-Apparent Onset of RA) (40) in the United States is randomizing individuals
with ACPA levels >=2x normal to receive hydroxychloroquine vs. placebo for 1 year;
subjects are then followed for an additional 2 years to assess durability of response as well
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as to evaluate if treatment may result in a less-aggressive form of IA/RA. APPIPRA
(Arthritis prevention in the preclinical phase of RA with abatacept) in the United Kingdom
and Europe is randomizing individuals with ACPA levels >3x normal or ACPA plus RF, and
inflammatory joint symptoms/arthralgia, to receive abatacept subcutaneously weekly for 1-
year, versus placebo, with additional 1-year follow-up (41). Other studies that have been
launched include one using statins in autoantibody positive subjects (42), and one using
glucocorticoids and methotrexate in individuals with arthralgia and no examination evidence
of 1A but who have ‘subclinical’ 1A per magnetic resonance imaging (43).

Paradigm shift to RA prevention — challenges and opportunities

While it represents a great advance that several clinical prevention trials in RA have been
completed or are underway, challenges and opportunities remain in further advancing
prevention (Table 3), and several of these are discussed below.

Improving prediction

Accurate prediction of future IA/RA is a critical aspect of prevention. While models to-date
have supported clinical trials, there are several important challenges. First, not all subjects
with abnormalities of RA-related autoantibodies, even ACPA, or other factors (e.g. articular
symptoms) develop IA/RA within the time-periods of prospective study (Table 1). This
could be because retrospective studies have shown that autoantibodies may be elevated >10
years prior to RA diagnosis (12, 21), and few prospective studies have been conducted that
long. However, this also suggests that some individuals may develop RA-related
autoimmunity and even some articular symptoms, yet never develop clinically-apparent 1A.
Moreover, there is a growing understanding that RA-related autoantibody positivity may be
lost over time in at-risk individuals (35) (although in one study some individuals lost
autoantibody positivity Pre-RA yet still later developed RA (21)), or that autoantibodies may
only be detectable after IA has developed (44). Furthermore, while there are multiple
commercial assays for ACPA available, they do not have the same diagnostic accuracies in
established RA, and these differences may be more pronounced in Pre-RA (45). Also, given
most biomarkers in RA have been developed in established disease, there may be additional
discovery of biomarkers that are more appropriate for understanding Pre-RA and in
particular to identify transitions from benign to pathogenic autoimmunity.

Some additional challenges in prediction are that most prospective studies utilize
autoantibody positive subjects identified because they sought care for joint symptoms;
therefore, studies are needed to understand prediction in individuals who have minimal joint
symptoms, or who are asymptomatic, because these are types of individuals who might be
identified if population-based testing for RA biomarkers was performed. In addition, while
most predictive models have primarily focused on autoantibodies, an entity termed
Clinically Suspect Arthralgia (CSA) has been identified that uses a combination of self-
reported symptoms and examination findings that has a PPV for future RA of ~30%,
although in some scenarios, much lower (~3%)(46). Furthermore, some models have utilized
genetic factors instead of autoantibodies to estimate risk of seropositive as well as sero-
negative RA (47). As such, going forward, if diagnostic accuracy is sufficiently high,
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symptoms and other non-autoantibody factors may be used to identify individuals at
sufficiently high risk for future RA that preventive interventions may be considered;
importantly, these approaches may be especially helpful for prediction of seronegative RA.

Physical examination has been the primary method to identify clinically-apparent IA/RA,;
however, imaging, is playing an increasing role in RA management to identify 1A when
examination is uncertain, as well as to follow response to therapy (48). Furthermore,
imaging has been used to predict the development of future physical examination-apparent
IA (33, 48). However, if imaging is used to define IA that is not identifiable on examination
(i.e. subclinical 1A), that may change the approach to prevention where “treatable” 1A is
identified earlier that physical examination is able to do. While potentially beneficial, that
approach could also lead to overtreatment, in particular because of the known high
variability in interpreting images, and also because ‘synovitis’ on imaging can be detected in
symptom-free individuals from the general population (49, 50). As such, it may be some
time before the appropriate role is understood of imaging for use in defining the presence of
current ‘actionable’ disease in absence of examination findings of 1A, as well as prediction
and prevention in IA/RA.

In sum, prediction is a critical part of prevention, and it is important that existing clinical
trials, ongoing natural history studies (e.g. FDRs, indigenous North Americans and the
Dutch ‘Lifelines’ study (15, 34-36, 51)) as well as future studies, optimize diagnostic
accuracies of models for the likelihood and timing of future RA. These models should also
account for cross-test interpretation, with consideration for a standardization of testing,
similar to that done in autoantibody testing in T1D (52, 53). Specifically, one could envision
a model, perhaps developed through advanced analytic technics such as artificial
intelligence/machine learning (54), that incorporates multiple dimensions including
demographics, family history/genetics, environment, autoantibodies and other biomarkers,
symptoms and examination findings and imaging to accurately and clearly inform about an
individual’s likelihood and timing of future RA. This could even be a two-step model where
a relatively inexpensive test (e.g. serum ACPA) could be evaluated first to determine an
overall risk, and then in follow-up, additional factors could be assessed to determine current
clinical status, more specific level of risk, as well as potential timing of onset of disease (24).
Furthermore, as discussed in more detail below, potentially identify what specific pathways
should be targeted to prevent disease.

Novel targets for prevention—The current clinical trials in RA prevention are
evaluating agents that have been used in established RA. This is in part because these agents
have known efficacy, safety and tolerability profiles in RA, and have regulatory agency
support. These agents may also successfully be able to alter antigen presentation, innate and
adaptive responses (e.g. B and T cell interactions), expansion of autoantibodies (e.g. ACPA
fine specificities, RF) and expansion of inflammation that appear critical in Pre-RA
development. However, these agents have been studied to determine their efficacy in
established RA,; therefore, it may be that they do not address key biologic pathways in Pre-
RA. Indeed, it may be that novel pathways, even mucosal-based, need to be targeted for
effective prevention (31).
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As such, it will be important to explore biologic pathways in Pre-RA in conjunction with the
existing (and future) clinical trials and other studies so that the next round of trials will target
the most relevant pathways. To that end, a growing interest in using animal models to
understand the mechanisms of “Pre-disease’ may provide means to validate pathways
identified in human studies, as well as potentially identify novel targets for prevention. For
example, Jubair and colleagues have demonstrated in a murine model of arthritis that
microbiome-directed interventions prior to the onset of IA can greatly diminish arthritis,
even if administered after systemic autoimmunity has developed (55).

While results are conflicting and have not been evaluated in randomized, prospective
fashion, there are a growing number of studies identifying lifestyle factors that may reduce
risk for RA. These include smoking cessation, a healthy diet (and likely one enriched in fish
consumption and fatty acids), weight loss, and increased exercise (Table 2, and reviewed in
(56)). Because these interventions may take years to see beneficial effects, they may never
be formally studied alone in interventional prevention trials. However, given the potentially
broad beneficial effects, these factors may need to be included as ‘general’ preventive
recommendations in conjunction with other interventions; furthermore, they may be
important to optimize risk-benefit ratios of interventions in individuals with only modest
autoimmune abnormalities and risk for future RA.

Importantly, while precision/personalized medicine in the management of individuals with
established RA has not yet reached fruition, one could envision that in Pre-RA there may be
an ability to identify a specific pathway for an individual that could be optimal to target,
either pharmacologically and/or through lifestyle modifications, to optimize prevention.

Prevention trial design and duration of intervention

The current and completed trials for RA prevention are relatively simple — 1:1
randomization comparing active drug and placebo. Furthermore, the interventions are of
limited duration (e.g. in PRAIRI a single dose of rituximab was given). In addition, the
primary outcome for these trials is the development of classifiable RA.

These approaches are appropriate in these early days of prevention to address safety and
ethical concerns, costs and the preferences of individuals who are participating in trials. The
outcome of classifiable RA is also a clinically-meaningful and agreed-upon disease state. In
addition, the use of placebo is important because the prediction of future RA is not perfect,
and it is expected that a number of individuals, even with high-risk features, may still not
progress to clinically-apparent IA/RA during the time period of a study and therefore one
needs to know if the study drug truly resulted in benefit.

However, for several reasons, the next round of prevention trials will likely have different
designs. First, RA is a relatively rare disease and there are difficulties in finding individuals
in a Pre-RA state; furthermore, there are multiple possible pathways that may be addressed
to delay or halt the development of RA. As such, adaptive trials may be considered, where
multiple interventions can be tested within a single trial that can optimize small subject
numbers (57). Second, instead of classifiable RA, trials may need to use other informative
outcomes such as levels of autoantibodies or cytokines/chemokines, especially since these
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outcomes may be able to shorten clinical trials given that outcomes of classifiable RA may
take years to develop. Specifically, given it appears that an important feature of the
pathogenesis of Pre-RA is expansion of ACPA and new antibody formation (e.g. RF) and
inflammation, of interest for prevention is the efficacy of approaches to arrest the expansion
of autoimmunity and inflammation, as well as to use measure of biomarkers to provide
insights into the success of an intervention. For example, an intervention may be considered
a success in an ACPA positive individual who does not develop future abnormalities of RF.

Furthermore, it is important to consider that there are symptoms and other impactful medical
issues that have been identified prior to IA/RA, and potentially related to autoimmunity.
Some of these features may be termed an ‘RA prodrome’ and include arthralgia (the
etiology of which in absence of definable A is as of yet unclear), functional limitations,
fatigue, sleep abnormalities, work absences, mental health disorders, and potentially other
non-articular manifestations of autoimmunity such as lung and cardiovascular disease, and
sicca symptoms (58-61). Understanding these potential non-1A manifestations of RA could
impact the development of prevention approaches in RA, resulting in treatment of a current
“autoimmune-opathy” and also prevention future IA/RA - similar to the concept of treating a
‘diagnosis’ of hypertension to prevent a future heart attack. These non-1A features could also
be used as endpoints themselves. Nomenclature pertaining to Pre-RA could also be
expanded to include non-articular manifestations of disease.

Finally, it would be ideal if a time-limited intervention had lasting benefit for prevention;
however, the development of IA/RA was only delayed in the rituximab-treated group. As
such, while the ongoing trials will further inform this issue, it may be that longer-term
interventions are needed to more effectively delay or prevent IA/RA. This would be akin to
statin treatment in hypercholesterolemia where the drug is continued indefinitely to provide
long-term benefit. However, even if it takes a prolonged intervention to delay or halt the first
appearance of 1A, there may be substantial benefit in improved symptoms, and reduced long
term damage and disability. Furthermore, while the issue of lead-time bias needs to be
considered, it could be beneficial if the IA/RA that develops is a less-aggressive form that
ultimately requires less expensive or toxic interventions for control. These issues should be
evaluated as part of studies going forward.

Participation: individuals at-risk for future RA

The current trials in RA prevention have used criteria to select individuals who are at high-
risk for RA within a relatively short time and combinations of autoantibody elevations and
symptoms, with those subjects largely identified through clinics, although some studies
include recruitment from FDR and general populations.

Selecting such high-risk individuals largely from clinics is reasonable for the first round of
prevention trials to meet trial design and ethical requirements; furthermore, a trial can be
spared from having to develop costly infrastructure to identify at-risk individuals through
population-based approaches such as broad testing for autoantibodies. However, such
approaches may identify individuals who are so far along in the development of RA that
prevention is difficult to attain, as well as miss high-risk individuals who have few
symptoms or lack access to clinical care. As such, in future trials additional inclusion criteria
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may be considered that have perhaps a lower (yet still definable and accurate) risk for RA,
but also identify a stage of RA development that is more amenable to halt or a change to a
more benign state. This could entail study design and enrollment strategies, such as broad
population-based autoantibody testing, to identify individuals who may be asymptomatic
and/or with only modest elevations of autoantibodies (Figure 2). Such trials may use ‘safer’
interventions such as low toxicity medications, or lifestyle changes yet still be effective if
indeed the immune system at stages of RA where only modest dysregulation is present and
more amendable to keeping or returning to a ‘normal’ state. Importantly, RA would benefit
from efforts similar to those in T1D where networks such as ‘Trialnet” have been developed
including FDRs and general population screening to create a pool T1D-related autoantibody
positive individuals who can readily be recruited for T1D prevention trials such as the
teplizumab study (62, 63).

Another consideration is that individuals who sought clinical care for joint symptoms and
were found to be in a Pre-RA state may be more interested in participation in prevention that
someone who is at-risk but is asymptomatic and/or has little understanding of what RA is -
which may be the type of individual identified if broad population-based screening for RA
risk was implemented. Informing these issues to some extent, there are studies that have
explored “preferences’ for prevention in at-risk individuals (64, 65). General themes that
have emerged include that at-risk individuals would like clarity around what RA is as a
disease, their absolute risk for IA/RA, and to know that interventions are highly likely to be
successful as well as well-tolerated and safe. Following this, if prevention is to be
implemented in asymptomatic individuals, or who are unaware of RA, there will need to be
additional efforts to educate these populations about RA, and what screening and prevention
may mean to their health. This will require broad public education about RA. These
educational activities could be encompassed under a ‘rheumatology preventionist’ (term
courtesy Frederick Miller). Importantly, a collateral benefit of increased prevention-related
public awareness programs may also help reduce delays in individuals seeking treatment for
clinically-apparent IA/RA (6). Notably, the aforementioned prevention trial of statins
terminated early due to slow enroliment that was in part due to subject reluctance to
participate (personal communication Dirkjan van Schaardenburg)(42)). This highlights the
importance of fully understanding and addressing subject’s preferences in order to complete
robust clinical trials.

Importantly, having clear and informative nomenclature regarding Pre-RA would help
facilitate education in prevention individuals who are at-risk for RA as well as health-care
providers, and other stakeholders (66). This may ultimately include nomenclature pertaining
to non-articular manifestations of RA. An example that may provide insights for RA is from
T1D where autoantibody positive states, even in absence of a need for insulin therapy, are
now considered disease (67), with this designation facilitating education of individuals at-
risk for TLDM and the performance of interventional studies. Notably, International
Classification of Diseases (ICD)-10 codes already exist for some aspects that could be
applied to Pre-RA including ACPA positivity (R79.89) and family history of RA (Z282.61).
A caveat is that naming a condition, or risk for a future condition, may also have
implications on an individual’s ability to obtain insurance coverage.
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Participation: rheumatologists

Rheumatology practitioners will play a key near and long-term role in prevention because of
their expertise in RA; furthermore, they are currently best positioned to identify individuals
with joint symptoms and autoantibody abnormalities yet no clinically-identifiable 1A who
are likely to be “first in line” for prevention. In addition, if ‘standard’” RA medications are
used in prevention, rheumatologists are best situated to work with individuals around the
use, risks and benefits of these agents. However, given most rheumatology practices now
entail treating individuals who have substantial illness and are already limited by provider
shortages and long wait-times (8), practice patterns may have to change to accommodate
prevention. Furthermore, it may be that some aspects of prevention would ultimately be
supported by primary care.

In addition, there will need to be new ways to evaluate and follow individuals in Pre-RA to
gauge effectiveness of an intervention, or even to know when an intervention could be
tapered or stopped. These approaches have yet to be determined but will likely include joint
examination although that may be less informative to follow responses in individuals who
have never developed clinically-apparent 1A; as such, follow-up may be more reliant on
careful imaging, and assessment of informative biomarkers as well as subject-reported
outcomes that quantify symptoms such as pain, stiffness and swelling as well as non-
articular disease such as fatigue. These assessments could be through wearables, application
or web-based (e.g. telemedicine), especially given the growing use of these platforms in RA
(68).

Participation: other stakeholders

Other stakeholders critical to advancing prevention include epidemiologists, trialists and
outcomes researchers and translational and basic science researchers who can help discover
new targets and implement informative clinical trials. Support from governmental funding
and regulatory agencies is needed to promote prevention research. Similarly, pharmaceutical
industry involvement is essential to support target identification and drug development,
trials, and importantly to create sustainable business models that include prevention. The
biotechnology and diagnostic industries will also need to support the development of
platforms and biomarkers useful in predicting RA, as well as measuring outcomes. Finally,
stakeholders need to include health care and insurance systems, health economists and
governmental agencies (e.g. United States Preventive Task Force) that can help enact
screening and prevention into routine clinical care, and convince payors to implement
prevention (69, 70).

Current management of Pre-RA

In terms of what can be done now for individuals in Pre-RA, if an individual has sufficient
symptoms and is autoantibody positive, there is a tendency to treat, even if clinically-
apparent 1A is not identified. However, given that a number of individuals with symptoms
and autoantibodies may not progress to IA, it is critical to perform trials to help guide the
type and duration of interventions. As such, if available, clinicians should consider referring
appropriate individuals to clinical trials. If such referral is not possible, while not well-
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proven, recommendations for risk reduction could include tobacco cessation, exercise, a
healthy body weight and a Mediterranean-type diet that may also broadly beneficial to other
aspects of health (e.g. cardiovascular disease)(56, 71). Recommendations on supplements
should be avoided until more data is available; however, as several studies have shown that
omega-3 levels and supplement intake are inversely associated with risk of autoantibodies
and progression to 1A, this particular approach deserves additional study (72). In addition,
while periodontal disease has been identified in Pre-RA (73), and higher levels of perceived
stress have been associated with incident IA/RA (60), more data is needed before
interventions such as stress reduction and dental care are recommended as preventive
interventions. Finally, and most importantly, subjects at-risk for IA/RA should be counseled
to seek medical attention if joint symptoms develop or worsen, and it is reasonable for
periodic follow-up (perhaps annually) with rheumatology to evaluate the joints and offer
ongoing counseling.

Conclusion

The understanding of Pre-RA, and an ability to predict development of future IA/RA, has
advanced to where trials to prevent IA/RA have been completed, with others underway. The
findings from these trials, and other studies evaluating the natural history of RA, will
provide important knowledge for future preventive trials as well as potentially clinical care,
moving the field in the near future to a paradigm where RA, and soon other autoimmune
rheumatic diseases, may follow similar models where an at-risk state can be identified and
approached with an ‘intent to prevent’.

Acknowledgments

Grant funding

Drs. Deane and Holers work on this manuscript was supported by funding from NIH grants Al1110498 and
AI1101981.

References

1. Smolen JS, Aletaha D, Barton A, Burmester GR, Emery P, Firestein GS, et al. Rheumatoid arthritis.
Nat Rev Dis Primers. 2018;4:18001. [PubMed: 29417936]

2. Singh JA, Saag KG, Bridges SL Jr., Akl EA, Bannuru RR, Sullivan MC, et al. 2015 American
College of Rheumatology Guideline for the Treatment of Rheumatoid Arthritis. Arthritis
Rheumatol. 2016;68(1):1-26.

3. Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, et al. The American
Rheumatism Association 1987 revised criteria for the classification of rheumatoid arthritis. Arthritis
Rheum. 1988;31(3):315-24. [PubMed: 3358796]

4. Aletaha D, Neogi T, Silman AJ, Funovits J, Felson DT, Bingham CO Il1, et al. 2010 Rheumatoid
arthritis classification criteria: an American College of Rheumatology/European League Against
Rheumatism collaborative initiative. Arthritis Rheum. 2010;62(9):2569-81. [PubMed: 20872595]

5. Burgers LE, Raza K, van der Helm-van Mil AH. Window of opportunity in rheumatoid arthritis -
definitions and supporting evidence: from old to new perspectives. RMD Open. 2019;5(1):e000870.
[PubMed: 31168406]

6. Stack RJ, Nightingale P, Jinks C, Shaw K, Herron-Marx S, Horne R, et al. Delays between the onset
of symptoms and first rheumatology consultation in patients with rheumatoid arthritis in the UK: an
observational study. BMJ Open. 2019;9(3):e024361.

Arthritis Rheumatol. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deane and Holers

Page 12

. Gul HL, Eugenio G, Rabin T, Burska A, Parmar R, Wu J, et al. Defining remission in rheumatoid

arthritis: does it matter to the patient? A comparison of multi-dimensional remission criteria and
patient reported outcomes. Rheumatology (Oxford). 2019.

. Battafarano DF, Ditmyer M, Bolster MB, Fitzgerald JD, Deal C, Bass AR, et al. 2015 American

College of Rheumatology Workforce Study: Supply and Demand Projections of Adult
Rheumatology Workforce, 2015-2030. Arthritis Care Res (Hoboken). 2018;70(4):617-26.
[PubMed: 29400009]

. del Puente A, Knowler WC, Pettitt DJ, Bennett PH. The incidence of rheumatoid arthritis is

predicted by rheumatoid factor titer in a longitudinal population study. Arthritis Rheum.
1988;31(10):1239-44. [PubMed: 3178905]

10. Aho K, Palosuo T, Heliovaara M, Knekt P, Alha P, von Essen R. Antifilaggrin antibodies within

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

“normal” range predict rheumatoid arthritis in a linear fashion. J Rheumatol. 2000;27(12):2743-6.
[PubMed: 11128658]

Silman AJ, Ollier B, Mageed RA. Rheumatoid factor detection in the unaffected first degree
relatives in families with multicase rheumatoid arthritis. J Rheumatol. 1991;18(4):512-5.
[PubMed: 2066941]

Rantapaa-Dahlqgvist S, de Jong BA, Berglin E, Hallmans G, Wadell G, Stenlund H, et al.
Antibodies against cyclic citrullinated peptide and IgA rheumatoid factor predict the development
of rheumatoid arthritis. Arthritis Rheum. 2003;48(10):2741-9. [PubMed: 14558078]

Nielen MM, van Schaardenburg D, Reesink HW, van de Stadt RJ, van der Horst-Bruinsma IE, de
Koning MH, et al. Specific autoantibodies precede the symptoms of rheumatoid arthritis: a study
of serial measurements in blood donors. Arthritis Rheum. 2004;50(2):380-6. [PubMed: 14872479]

Majka DS, Deane KD, Parrish LA, Lazar AA, Baron AE, Walker CW, et al. Duration of preclinical
rheumatoid arthritis-related autoantibody positivity increases in subjects with older age at time of
disease diagnosis. Ann Rheum Dis. 2008;67(6):801-7. [PubMed: 17974596]

Ramos-Remus C, Castillo-Ortiz JD, Aguilar-Lozano L, Padilla-1barra J, Sandoval-Castro C,
Vargas-Serafin CO, et al. Autoantibodies in prediction of the development of rheumatoid arthritis
among healthy relatives of patients with the disease. Arthritis Rheumatol. 2015;67(11):2837-44.
[PubMed: 26245885]

Gan RW, Trouw LA, Shi J, Toes RE, Huizinga TW, Demoruelle MK, et al. Anti-carbamylated
protein antibodies are present prior to rheumatoid arthritis and are associated with its future
diagnosis. J Rheumatol. 2015;42(4):572-9. [PubMed: 25593232]

Kolfenbach JR, Deane KD, Derber LA, O'Donnell Cl, Gilliland WR, Edison JD, et al.
Autoimmunity to peptidyl arginine deiminase type 4 precedes clinical onset of rheumatoid
arthritis. Arthritis Rheum. 2010;62(9):2633-9. [PubMed: 20496417]

Sokolove J, Bromberg R, Deane KD, Lahey LJ, Derber LA, Chandra PE, et al. Autoantibody
epitope spreading in the pre-clinical phase predicts progression to rheumatoid arthritis. PloS one.
2012;7(5):e35296. [PubMed: 22662108]

Kokkonen H, Mullazehi M, Berglin E, Hallmans G, Wadell G, Ronnelid J, et al. Antibodies of 1gG,
IgA and IgM isotypes against cyclic citrullinated peptide precede the development of rheumatoid
arthritis. Arthritis Res Ther. 2011;13(1):R13. [PubMed: 21291540]

Kokkonen H, Brink M, Hansson M, Lassen E, Mathsson-Alm L, Holmdahl R, et al. Associations
of antibodies against citrullinated peptides with human leukocyte antigen-shared epitope and
smoking prior to the development of rheumatoid arthritis. Arthritis Res Ther. 2015;17:125.
[PubMed: 25990747]

Kelmenson LB, Wagner BD, McNair BK, Frazer-Abel A, Demoruelle MK, Bergstedt DT, et al.
Timing of Elevations of Autoantibody Isotypes Prior to Diagnosis of Rheumatoid Arthritis.
Arthritis Rheumatol. 2020;72(2):251-61. [PubMed: 31464042]

Verheul MK, Bohringer S, van Delft MAM, Jones JD, Righy WFC, Gan RW, et al. Triple Positivity
for Anti-Citrullinated Protein Autoantibodies, Rheumatoid Factor, and Anti-Carbamylated Protein
Antibodies Conferring High Specificity for Rheumatoid Arthritis: Implications for Very Early
Identification of At-Risk Individuals. Arthritis Rheumatol. 2018;70(11):1721-31. [PubMed:
29781231]

Arthritis Rheumatol. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deane and Holers

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 13

Kokkonen H, Soderstrom I, Rocklov J, Hallmans G, Lejon K, Rantapaa Dahlqvist S. Up-regulation
of cytokines and chemokines predates the onset of rheumatoid arthritis. Arthritis Rheum.
2010;62(2):383-91. [PubMed: 20112361]

Deane KD, O'Donnell CI, Hueber W, Majka DS, Lazar AA, Derber LA, et al. The number of
elevated cytokines and chemokines in preclinical seropositive rheumatoid arthritis predicts time to
diagnosis in an age-dependent manner. Arthritis Rheum. 2010;62(11):3161-72. [PubMed:
20597112]

Hafkenscheid L, de Moel E, Smolik I, Tanner S, Meng X, Jansen BC, et al. N-Linked Glycans in
the Variable Domain of 1gG Anti-Citrullinated Protein Antibodies Predict the Development of
Rheumatoid Arthritis. Arthritis Rheumatol. 2019;71(10):1626-33. [PubMed: 31067000]

Hunt L, Hensor EM, Nam J, Burska AN, Parmar R, Emery P, et al. T cell subsets: an
immunological biomarker to predict progression to clinical arthritis in ACPA-positive individuals.
Ann Rheum Dis. 2016;75(10):1884-9. [PubMed: 27613874]

Deane KD, Demoruelle MK, Kelmenson LB, Kuhn KA, Norris JM, Holers VM. Genetic and
environmental risk factors for rheumatoid arthritis. Best Pract Res Clin Rheumatol. 2017;31(1):3—
18. [PubMed: 29221595]

Klareskog L, Stolt P, Lundberg K, Kallberg H, Bengtsson C, Grunewald J, et al. A new model for
an etiology of rheumatoid arthritis: smoking may trigger HLA-DR (shared epitope)-restricted
immune reactions to autoantigens modified by citrullination. Arthritis Rheum. 2006;54(1):38-46.
[PubMed: 16385494]

van de Stadt LA, Witte BI, Bos WH, van Schaardenburg D. A prediction rule for the development
of arthritis in seropositive arthralgia patients. Ann Rheum Dis. 2013;72(12):1920-6. [PubMed:
23178208]

de Hair MJ, van de Sande MG, Ramwadhdoebe TH, Hansson M, Landewe R, van der Leij C, et al.
Features of the synovium of individuals at risk of developing rheumatoid arthritis: implications for
understanding preclinical rheumatoid arthritis. Arthritis Rheumatol. 2014;66(3):513-22. [PubMed:
24574210]

Holers VM, Demoruelle MK, Kuhn KA, Buckner JH, Robinson WH, Okamoto Y, et al.
Rheumatoid arthritis and the mucosal origins hypothesis: protection turns to destruction. Nat Rev
Rheumatol. 2018;14(9):542-57. [PubMed: 30111803]

Gerlag DM, Raza K, van Baarsen LG, Brouwer E, Buckley CD, Burmester GR, et al. EULAR
recommendations for terminology and research in individuals at risk of rheumatoid arthritis: report
from the Study Group for Risk Factors for Rheumatoid Arthritis. Ann Rheum Dis.
2012;71(5):638-41. [PubMed: 22387728]

Rakieh C, Nam JL, Hunt L, Hensor EM, Das S, Bissell LA, et al. Predicting the development of
clinical arthritis in anti-CCP positive individuals with non-specific musculoskeletal symptoms: a
prospective observational cohort study. Ann Rheum Dis. 2015;74(9):1659-66. [PubMed:
24728331]

Kolfenbach JR, Deane KD, Derber LA, O'Donnell C, Weisman MH, Buckner JH, et al. A
prospective approach to investigating the natural history of preclinical rheumatoid arthritis (RA)
using first-degree relatives of probands with RA. Arthritis Rheum. 2009;61(12):1735-42.
[PubMed: 19950324]

Tanner S, Dufault B, Smolik I, Meng X, Anaparti V, Hitchon C, et al. A Prospective Study of the
Development of Inflammatory Arthritis in the Family Members of Indigenous North American
People With Rheumatoid Arthritis. Arthritis Rheumatol. 2019;71(9):1494-503. [PubMed:
30861615]

Kim SK, Bae J, Lee H, Kim JH, Park SH, Choe JY. Greater prevalence of seropositivity for anti-
cyclic citrullinated peptide antibody in unaffected first-degree relatives in multicase rheumatoid
arthritis-affected families. Korean J Intern Med. 2013;28(1):45-53. [PubMed: 23345996]
Gonzalez-Lopez L, Gamez-Nava JI, Jhangri G, Russell AS, Suarez-Almazor ME. Decreased
progression to rheumatoid arthritis or other connective tissue diseases in patients with palindromic
rheumatism treated with antimalarials. J Rheumatol. 2000;27(1):41-6. [PubMed: 10648016]

Bos WH, Dijkmans BA, Boers M, van de Stadt RJ, van Schaardenburg D. Effect of dexamethasone
on autoantibody levels and arthritis development in patients with arthralgia: a randomised trial.
Ann Rheum Dis. 2010;69(3):571-4. [PubMed: 19363022]

Arthritis Rheumatol. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deane and Holers

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Page 14

Gerlag DM, Safy M, Maijer KI, Tang MW, Tas SW, Starmans-Kool MJF, et al. Effects of B-cell
directed therapy on the preclinical stage of rheumatoid arthritis: the PRAIRI study. Ann Rheum
Dis. 2018.

Strategy to Prevent the Onset of Clinically-Apparent Rheumatoid Arthritis (StopRA)
NCT02603146Clinicaltrials.gov [cited 2020 May 1]. Available from: https://clinicaltrials.gov/ct2/
show/NCT02603146.

Al-Laith M, Jasenecova M, Abraham S, Bosworth A, Bruce IN, Buckley CD, et al. Arthritis
prevention in the pre-clinical phase of RA with abatacept (the APIPPRA study): a multi-centre,
randomised, double-blind, parallel-group, placebo-controlled clinical trial protocol. Trials.
2019;20(1):429. [PubMed: 31307535]

Statins to Prevent Rheumatoid Arthritis (STAPRA) (Netherlands Trial Register Trial NL5036)
[cited 2020 May 1]. Available from: https://www.trialregister.nl/trial/5036.

Treat early arthralgia to reverse or limit impending exacerbation to rheumatoid arthritis (TREAT
EARLIER) (Netherlands Trial Register NL4599) [cited 2020 May 1]. Available from: https://
www.trialregister.nl/trial/4599.

Barra L, Bykerk V, Pope JE, Haraoui BP, Hitchon CA, Thorne JC, et al. Anticitrullinated protein
antibodies and rheumatoid factor fluctuate in early inflammatory arthritis and do not predict
clinical outcomes. J Rheumatol. 2013;40(8):1259-67. [PubMed: 23378461]

Demoruelle MK, Parish MC, Derber LA, Kolfenbach JR, Hughes-Austin JM, Weisman MH, et al.
Performance of anti-cyclic citrullinated Peptide assays differs in subjects at increased risk of
rheumatoid arthritis and subjects with established disease. Arthritis Rheum. 2013;65(9):2243-52.
[PubMed: 23686569]

van Steenbergen HW, Aletaha D, Beaart-van de Voorde LJ, Brouwer E, Codreanu C, Combe B, et
al. EULAR definition of arthralgia suspicious for progression to rheumatoid arthritis. Ann Rheum
Dis. 2017;76(3):491-6. [PubMed: 27991858]

Chibnik LB, Keenan BT, Cui J, Liao KP, Costenbader KH, Plenge RM, et al. Genetic risk score
predicting risk of rheumatoid arthritis phenotypes and age of symptom onset. PloS one.
2011;6(9):24380. [PubMed: 21931699]

Zabotti A, Finzel S, Baraliakos X, Aouad K, Ziade N, lagnocco A. Imaging in the preclinical
phases of rheumatoid arthritis. Clin Exp Rheumatol. 2019.

Mangnus L, van Steenbergen HW, Reijnierse M, van der Helm-van Mil AH. Magnetic Resonance
Imaging-Detected Features of Inflammation and Erosions in Symptom-Free Persons From the
General Population. Arthritis Rheumatol. 2016;68(11):2593-602. [PubMed: 27213695]

Brulhart L, Alpizar-Rodriguez D, Nissen MS, Zufferey P, Ciubotariu I, Fleury G, et al. Ultrasound
is not associated with the presence of systemic autoimmunity or symptoms in individuals at risk
for rheumatoid arthritis. RMD Open. 2019;5(2):000922. [PubMed: 31565240]

van Zanten A, Arends S, Roozendaal C, Limburg PC, Maas F, Trouw LA, et al. Presence of
anticitrullinated protein antibodies in a large population-based cohort from the Netherlands. Ann
Rheum Dis. 2017;76(7):1184-90. [PubMed: 28043998]

Bonifacio E, Yu L, Williams AK, Eisenbarth GS, Bingley PJ, Marcovina SM, et al. Harmonization
of glutamic acid decarboxylase and islet antigen-2 autoantibody assays for national institute of
diabetes and digestive and kidney diseases consortia. J Clin Endocrinol Metab. 2010;95(7):3360—
7. [PubMed: 20444913]

Meroni PL, Biggioggero M, Pierangeli SS, Sheldon J, Zegers I, Borghi MO. Standardization of
autoantibody testing: a paradigm for serology in rheumatic diseases. Nat Rev Rheumatol.
2014;10(1):35-43. [PubMed: 24275965]

Nelson CA, Butte AJ, Baranzini SE. Integrating biomedical research and electronic health records
to create knowledge-based biologically meaningful machine-readable embeddings. Nat Commun.
2019;10(1):3045. [PubMed: 31292438]

Jubair WK, Hendrickson JD, Severs EL, Schulz HM, Adhikari S, Ir D, et al. Modulation of
Inflammatory Arthritis in Mice by Gut Microbiota Through Mucosal Inflammation and
Autoantibody Generation. Arthritis Rheumatol. 2018;70(8):1220-33. [PubMed: 29534332]

Arthritis Rheumatol. Author manuscript; available in PMC 2022 February 01.


https://clinicaltrials.gov/ct2/show/NCT02603146
http://Clinicaltrials.gov
https://clinicaltrials.gov/ct2/show/NCT02603146
https://clinicaltrials.gov/ct2/show/NCT02603146
https://www.trialregister.nl/trial/5036
https://www.trialregister.nl/trial/4599
https://www.trialregister.nl/trial/4599

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deane and Holers

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

Page 15

Zaccardelli A, Friedlander HM, Ford JA, Sparks JA. Potential of Lifestyle Changes for Reducing
the Risk of Developing Rheumatoid Arthritis: Is an Ounce of Prevention Worth a Pound of Cure?
Clin Ther. 2019;41(7):1323-45. [PubMed: 31196646]

Bayar MA, Le Teuff G, Koenig F, Le Deley MC, Michiels S. Group sequential adaptive designs in
series of time-to-event randomised trials in rare diseases: A simulation study. Stat Methods Med
Res. 2019:962280219862313.

Stack RJ, van Tuyl LH, Sloots M, van de Stadt LA, Hoogland W, Maat B, et al. Symptom
complexes in patients with seropositive arthralgia and in patients newly diagnosed with
rheumatoid arthritis: a qualitative exploration of symptom development. Rheumatology (Oxford).
2014;53(9):1646-53. [PubMed: 24729397]

Maradit-Kremers H, Crowson CS, Nicola PJ, Ballman KV, Roger VL, Jacobsen SJ, et al. Increased
unrecognized coronary heart disease and sudden deaths in rheumatoid arthritis: a population-based
cohort study. Arthritis Rheum. 2005;52(2):402-11. [PubMed: 15693010]

Polinski KJ, Bemis EA, Feser M, Seifert J, Demoruelle MK, Striebich CC, et al. Perceived stress
and inflammatory arthritis: a prospective investigation in the Studies of the Etiologies of
Rheumatoid Arthritis (SERA) cohort. Arthritis Care Res (Hoboken). 2019.

Marrie RA, Walld R, Bolton JM, Sareen J, Walker JR, Patten SB, et al. Rising incidence of
psychiatric disorders before diagnosis of immune-mediated inflammatory disease. Epidemiol
Psychiatr Sci. 2019;28(3):333-42. [PubMed: 29098977]

Greenbaum CJ, Speake C, Krischer J, Buckner J, Gottlieb PA, Schatz DA, et al. Strength in
Numbers: Opportunities for Enhancing the Development of Effective Treatments for Type 1
Diabetes-The TrialNet Experience. Diabetes. 2018;67(7):1216-25. [PubMed: 29769238]

Herold KC, Bundy BN, Long SA, Bluestone JA, DiMeglio LA, Dufort MJ, et al. An Anti-CD3
Antibody, Teplizumab, in Relatives at Risk for Type 1 Diabetes. N Engl J Med. 2019;381(7):603-
13. [PubMed: 31180194]

Sparks JA, Iversen MD, Yu Z, Triedman NA, Prado MG, Miller Kroouze R, et al. Disclosure of
Personalized Rheumatoid Arthritis Risk Using Genetics, Biomarkers, and Lifestyle Factors to
Motivate Health Behavior Improvements: A Randomized Controlled Trial. Arthritis Care Res
(Hoboken). 2018;70(6):823-33. [PubMed: 29024454]

Falahee M, Finckh A, Raza K, Harrison M. Preferences of Patients and At-risk Individuals for
Preventive Approaches to Rheumatoid Arthritis. Clin Ther. 2019;41(7):1346-54. [PubMed:
31196645]

Raza K, Holers VM, Gerlag D. Nomenclature for the Phases of the Development of Rheumatoid
Arthritis. Clin Ther. 2019;41(7):1279-85. [PubMed: 31196657]

Bonifacio E, Mathieu C, Nepom GT, Ziegler AG, Anhalt H, Haller MJ, et al. Rebranding
asymptomatic type 1 diabetes: the case for autoimmune beta cell disorder as a pathological and
diagnostic entity. Diabetologia. 2017;60(1):35-8. [PubMed: 27785529]

Luo D, Wang P, Lu F, Elias J, Sparks JA, Lee YC. Mobile Apps for Individuals With Rheumatoid
Arthritis: A Systematic Review. J Clin Rheumatol. 2019;25(3):133-41. [PubMed: 29933327]

Calonge N Developing evidence-based screening recommendations, with consideration for
rheumatology. Rheum Dis Clin North Am. 2014;40(4):787-95. [PubMed: 25437292]

Iragorri N, Hazlewood G, Manns B, Bojke L, Spackman E, group Ps. A model to determine the
cost-effectiveness of screening psoriasis patients for psoriatic arthritis. Arthritis Care Res
(Hoboken). 2019.

Liu X, Tedeschi SK, Barbhaiya M, Leatherwood CL, Speyer CB, Lu B, et al. Impact and Timing of
Smoking Cessation on Reducing Risk of Rheumatoid Arthritis Among Women in the Nurses'
Health Studies. Arthritis Care Res (Hoboken). 2019;71(7):914-24. [PubMed: 30790475]

Gan RW, Demoruelle MK, Deane KD, Weisman MH, Buckner JH, Gregersen PK, et al. Omega-3
fatty acids are associated with a lower prevalence of autoantibodies in shared epitope-positive
subjects at risk for rheumatoid arthritis. Ann Rheum Dis. 2017;76(1):147-52. [PubMed:
27190099]

Mankia K, Cheng Z, Do T, Hunt L, Meade J, Kang J, et al. Prevalence of Periodontal Disease and
Periodontopathic Bacteria in Anti-Cyclic Citrullinated Protein Antibody-Positive At-Risk Adults
Without Arthritis. JAMA Netw Open. 2019;2(6):e195394. [PubMed: 31173126]

Arthritis Rheumatol. Author manuscript; available in PMC 2022 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deane and Holers

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Page 16

Aho K, von Essen R, Kurki P, Palosuo T, Heliovaara M. Antikeratin antibody and antiperinuclear
factor as markers for subclinical rheumatoid disease process. J Rheumatol. 1993;20(8):1278-81.
[PubMed: 7693940]

Silman AJ, Hennessy E, Ollier B. Incidence of rheumatoid arthritis in a genetically predisposed
population. Br J Rheumatol. 1992;31(6):365-8. [PubMed: 1596697]

Ercan A, Cui J, Chatterton DE, Deane KD, Hazen MM, Brintnell W, et al. Aberrant IgG
galactosylation precedes disease onset, correlates with disease activity, and is prevalent in
autoantibodies in rheumatoid arthritis. Arthritis Rheum. 2010;62(8):2239-48. [PubMed:
20506563]

Karlson EW, Chibnik LB, Tworoger SS, Lee IM, Buring JE, Shadick NA, et al. Biomarkers of
inflammation and development of rheumatoid arthritis in women from two prospective cohort
studies. Arthritis Rheum. 2009;60(3):641-52. [PubMed: 19248103]

van de Stadt LA, Witte BI, Bos WH, van Schaardenburg D. A prediction rule for the development
of arthritis in seropositive arthralgia patients. Ann Rheum Dis. 2012.

de Hair MJ, Landewe RB, van de Sande MG, van Schaardenburg D, van Baarsen LG, Gerlag DM,
et al. Smoking and overweight determine the likelihood of developing rheumatoid arthritis. Ann
Rheum Dis. 2013;72(10):1654-8. [PubMed: 23104761]

Burgers LE, Siljehult F, Ten Brinck RM, van Steenbergen HW, Landewe RBM, Rantapaa-
Dahlqvist S, et al. Validation of the EULAR definition of arthralgia suspicious for progression to
rheumatoid arthritis. Rheumatology (Oxford). 2017;56(12):2123-8. [PubMed: 28968699]

Gan RW, Bemis EA, Demoruelle MK, Striebich CC, Brake S, Feser ML, et al. The association
between omega-3 fatty acid biomarkers and inflammatory arthritis in an anti-citrullinated protein
antibody positive population. Rheumatology (Oxford). 2017;56(12):2229-36. [PubMed:
29029330]

Ferucci ED, Templin DW, Lanier AP. Rheumatoid arthritis in American Indians and Alaska
Natives: a review of the literature. Semin Arthritis Rheum. 2005;34(4):662-7. [PubMed:
15692959]

Ren L, Guo P, Sun QM, Liu H, Chen Y, Huang Y, et al. Number of parity and the risk of
rheumatoid arthritis in women: A dose-response meta-analysis of observational studies. J Obstet
Gynaecol Res. 2017;43(9):1428-40. [PubMed: 28613016]

Bhatia SS, Majka DS, Kittelson JM, Parrish LA, Ferucci ED, Deane KD, et al. Rheumatoid factor
seropositivity is inversely associated with oral contraceptive use in women without rheumatoid
arthritis. Ann Rheum Dis. 2007;66(2):267-9. [PubMed: 16868018]

Demoruelle MK, Weisman MH, Simonian PL, Lynch DA, Sachs PB, Pedraza IF, et al. Brief report:
airways abnormalities and rheumatoid arthritis-related autoantibodies in subjects without arthritis:
early injury or initiating site of autoimmunity? Arthritis Rheum. 2012;64(6):1756—-61. [PubMed:
22183986]

Arthritis Rheumatol. Author manuscript; available in PMC 2022 February 01.



1duosnuey Joyiny 1duosnuepy Joyiny 1duosnuepy Joyiny

1duosnuey Joyiny

Deane and Holers

Genetic
Factors

< 4

Page 17

2010 criteria 1987 criteria

Trigger and expansion of local and ; ‘ 4 I i
systemic autoimmunity ! ] . £x

Environmental (e.g. ACPA and RF) and —

Factors inflammation e
Clinically- H i
May involve mucosa/sites apparer?t Classified rheumatoid

IA/RA arthritis

Arthralgia (Unclassified) Persistent Arthritis

Figure 1. Model of Rheumatoid Arthritis (RA) Development
In this model, genetic and environmental factors lead to initiation and expansion of

autoimmunity that may progress to clinically-apparent IA/RA and classified RA. There is
some controversy whether the term Pre-RA should be applied once clinically-apparent 1A is
present if not classifiable as RA. Abbreviations: ACPA=antibodies to citrullinated protein
antigens; IA=inflammatory arthritis; RA=rheumatoid arthritis; RF=rheumatoid factor
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Figure 2. Strategies for identification and intervention for rheumatoid arthritis (RA) prevention
Differing approaches are needed based on stage of RA development. There is some

controversy whether the term Pre-RA should be applied once clinically-apparent 1A is
present if not classifiable as RA. Abbreviations: IA=inflammatory arthritis;
PRAIRI=Prevention of clinically manifest rheumatoid arthritis by B-cell directed therapy in
the earliest phase of the disease; APIPPRA=Arthritis Prevention in the Preclinical Phase
with Abatacept; StopRA=Strategy for the Prevention of the Clinically-Apparent Onset of
RA
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Key longitudinal studies of pre-rheumatoid arthritis
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Authors and Country of Study Number of Key findings
year origin/ type subjects and
published population incident IA/RA
del Puente et al USA, Pima Prospective 2,712, 70 (~2.6%) The highest rate of development of RA (48 per 1000-person
1988 (9) Indians cohort study with incident IA/RA | years) was in subjects with baseline RF titer of >1:256.
after up to 19 years
of follow-up.
Aho et al 1991 Finland Retrospective 19,072, 124 with Findings were published in multiple publications and
to 2000 (10, 74) biobank study incident RA. included elevations of immunoglobulin G, RF and
antibodies to keratin and perinuclear factor (later determined
to be varieties of ACPAS) prior to RA.
Silman et al United Prospective 370 unaffected first- | Incident RA was highest in subjects with RF positivity.
1992 (75) Kingdom cohort study degree relatives
from families with
RA; 14 with
incident RA
Rantapaa- Sweden Retrospective 83 cases with At any time prior to a diagnosis of RA, anti-CCP2 was
Dahlqyvist et al biobank case- incident RA, 382 positive in ~34% of subjects RA, RF-IgA ~34%, RF-IgM
2003 (12) control study controls 19% and RF-IgG 17%. A combination of anti-CCP2 and
RF-1gA positivity at any point in preclinical RA had a
sensitivity of 21%, specificity of 99% and PPV of 87% for
future RA. Sensitivity and levels of autoantibodies were
highest in the period <1.5 years prior to diagnosis.
Nielen et al The Retrospective 79 cases with Overall, 49% of RA subjects positive for anti-CCP1 or RF-
2004 (13) Netherlands biobank case- incident RA, 2,138 1gM a median of 4.5 years prior to diagnosis. Using a 0 to 5-
control study controls. year window prior to diagnosis and comparison to controls,
anti-CCP1 or RF-1gM positivity was ~36% sensitive and
~97% specific for RA, with a PPV of ~97%. Increased
sensitivity, increased rates of simultaneous positivity for
anti-CCP1 and RF-1gM and higher levels were present in the
most immediate pre-diagnosis period. Anti-CCP1 appeared
to be positive prior to RF-IgM.
Majka et al USA Retrospective 83 cases with A series of studies were performed in this cohort
2008 (14), biobank case- incident RA and 83 demonstrating:
Deane et al control study controls. . .
2010 (24), . RF and ann_—CCPZ'are eleva.ted in _57% and
Ercan et al 2010 61% of subjects prior to a diagnosis of RA,
(76), respectively. Notably, younger subjects (<40)
Kolfenbach et al appeared to have a shorter duration of
(17), Gan et al preclinical autoantibody positivity compared
(16) and to older subjects (240).
gglfgl(olv; etal . An increasing number of abnormal cytokines/
chemokines was associated with a shorter
time to future diagnosis of RA in an age-
dependent manner.

. Pre-RA abnormalities of anti-CarP and anti-
PAD antibodies, and abnormalities of
glycosylation.

. A panel of elevated ACPA fine specificities
and cytokines were ~58% sensitive and ~87%
specific for onset of RA within 2 years.

Karlson et al USA Nested case- 170 cases with Soluble tumor necrosis factor receptor 11, and interleukin-6
2009 (77) control study incident RA, with were elevated prior to a diagnosis of RA.
within the 506 controls.
Nurses’ Health
Study and
Women’s Health
Study
Van de Stadt et The Prospective study | 347 subjects with A score was developed assigning 1 point for each of the
al 2012 (78) Netherlands of individuals RF and/or ACPA following that were present: positive FDR status, no alcohol
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Authors and Country of Study Number of Key findings
year origin/ type subjects and
published population incident IA/RA
presenting to positivity but no 1A consumption (use of alcohol was protective), symptoms
rheumatology at baseline; 131 starting <12 months prior, intermittent symptoms, symptoms
clinics with incident IA/RA | in upper and lower extremities, visual analog pain score of
after a median of 12 >=50 millimeters, more stiffness >=60 minutes, self-
months. reported swelling in any joint; in addition, up to 4 points
were assigned if both RF and ACPA were positive. In
individuals with scores of >=7, 74% developed IA/RA
within 3 years.
de Hair et al The Prospective study | 55 subjects, 15 Non-smokers and those with normal body weight had the
2013 (79) Netherlands of ACPA and/or (27%) with incident | lowest rates of progression to IA/RA.
RF positive IA after a median of
subjects 13 months.
Ramos-Remus Mexico Prospective study | 819 FDRS, 17 ACPA positivity with or without concomitant RF positivity
et al 2015 (15) of unaffected (2.1%) with incident | had PPV’s of 58-64% for development of RA during follow-
FDRs of patients IA/RA over 5 years. | up.
with RA
Rakieh et al United Prospective study | 100 ACPA+ A score was developed assigning 1 point for each of the
2015 (33) Kingdom of ACPA+ individuals, 50 with | following: tender joints, morning stiffness >30 minutes,
(CCP2) subjects incident IA/RA presence of the shared epitope, high levels of RF and/or
with arthralgia after a median of ACPA, and the presence of ultrasound power doppler
referred to 7.9 months findings in >=1 joint. In individuals with the highest scores
rheumatology (>=2), >41% developed IA/RA within 24 months, and
clinics individuals with scores of >=4, 68% developed IA within 24
months.
Burgers et al The Prospective study | 178 subjects with This was a study to validate the EULAR definition for
2017 (80) Netherlands of subjects with arthralgia meeting Clinical Suspect Arthralgia (46). The presence of 3 or more
and Sweden arthralgia EULAR criteria for of the following factors was ~84% sensitive and had a PPV
CSA at baseline, 44 | of ~30% for IA/RA within 2 years: duration of onset of
(18%) developed symptoms <1 year, symptoms in MCP joints, morning
with incident IA/RA | stiffness >=60 minutes, more severe morning symptoms,
after a median of 16 | having an FDR with RA, and on examination, difficulty
weeks. making a fist and tenderness with an MCP squeeze.
However, PPV for |A was much less if the criteria were
applied by a non-rheumatologist practitioner (PPV ~3%).
Gan et al 2017 USA Prospective 35 ACPA+ (CCP3) Progression to IA/RA was associated higher age, shared
(81) cohort study subjects with epitope positivity, and with lower blood levels of omega-3
baseline 1A fatty acids.
identified through
health-fair
screenings; 14 with
incident IA/RA

after a mean of 2.6
years.

Abbreviations: RA=rheumatoid arthritis; IA=inflammatory arthritis; lg=immunoglobulin; RF=rheumatoid factor; ACPA=antibody to citrullinated
protein antigen; CCP=cyclic citrullinated peptide; USA=United States of America; MCP=metacarpal phalangeal joints; EULAR=European League
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Table 2.

Purported genetic, environmental and other risk and protective factors for future RA development evaluated in
prospective studies or cross-sectional studies of at-risk individuals/Pre-RA

Genetic and familial risk factors

Shared epitope associated with higher risk for transition to RA in ACPA positive individuals at baseline (33)

First-degree relative status increased risk of progression to articular RA in arthralgia cohort (29)

Certain populations with high-risk for RA, including populations indigenous to the Americas who have ~5-7 fold increased risk for RA
compared to non-indigenous populations (82)

Sex-related factors

Female sex given women have 2-3 fold higher risk for RA compared to men (27)

Longer duration of breast-feeding and higher parity are protective (83)

Oral contraceptive use associated with decreased autoantibody positivity in at-risk individuals without RA (first-degree relatives)(84)

Environmental (and potentially modifiable)(reviewed in (27) and (56))
Increased risk for RA

Tobacco exposure, especially long duration and high intensity smoking
Obesity

Inflammatory diet

Protective against RA

Moderate alcohol consumption

High fatty fish intake and intake of omega-3 fatty acids

Other
Lung disease (airways, parenchymal) present in RA-related autoantibody individuals and in some cases preceding articular RA (85)
Periodontal inflammation is present in RA-related autoantibody positive individuals, and increased in comparison to controls (73)

Abbreviations: Pre-RA=pre-rheumatoid arthritis; ACPA=antibodies to citrullinated protein/peptide antigens
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Table 3.

Key challenges and opportunities in implementing prevention in RA

. Completion of ongoing clinical trials to learn the efficacy of the agents and approaches that are evaluated
. Development of improved prediction models (including for seronegative RA)
. Identification of relevant biologic pathways for prevention that may be unique to the Pre-RA period

May be from ongoing or future trials and observational studies and include biology of non-articular sites (e.g. mucosal
sites)

Includes understanding of the pathophysiology of autoimmunity and joint symptoms in absence of clearly definable 1A
. Effective strategies to identify individuals who are at sufficiently high risk for RA that preventive approaches may be considered
Incorporates accurate prediction models and individuals’ preferences
May include public health awareness campaigns and broad population screening
. Clear understanding of the role of imaging in diagnosis and management in Pre-RA
. Development of clear and informative nomenclature
Aligns with biology of disease
Effective in communicating with stakeholders
. Optimization of stakeholder participation in prevention
Individuals at-risk
Clinical rheumatologists
Research community
Funding agencies
Pharmaceutical, biotechnology and diagnostic industries
Health care and insurance agencies

Governmental agencies who can implement policy around prevention
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