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In rheumatoid arthritis (RA), current clinical practice as well as the vast majority of
published studies focus on the ability of certain treatments to improve existing RA disease
activity, or to prevent worsening disease in patients with established and classifiable disease.
In addition, though, several trials have tried to address the prevention of the development of
a classifiable RA in individuals with undifferentiated arthritis (UA), or joint symptoms
defined as arthralgia and autoantibody positivity without inflammatory arthritis, with overall
mixed results (1-4). In particular, one important contribution to RA prevention is designated
PROMPT (Probable RA: Methotrexate Versus Placebo Treatment), an innovative and
forward-looking clinical trial designed to stop disease progression from UA to classifiable
RA.

The findings from this study have been published in several stages. In the original study that
was published in 2007, 110 individuals with DMARD-naive synovitis at baseline yet not
meeting 1987 criteria for RA were randomized to receive methotrexate (starting dose 15 mg/
week orally) or placebo, without other DMARD:S or steroids (5). After follow-up of up to 30
months, there was no overall difference between groups in those who progressed to
classifiable RA (6). However, there was a delay in progression to RA in the MTX-treated
group, and at 18 months, patients treated with MTX had less radiographic progression.
Furthermore, in subgroup analyses of just individuals who were seropositive for antibodies
to citrullinated protein/peptide antigens (ACPA), those who received MTX progressed to
classifiable RA less frequently (67% vs. 93%; p<0.001).

The authors concluded in their original manuscript that intervention in this “‘early” period of
RA, especially in individuals who are ACPA positive, may result in longer-term benefits.
However, in a follow-up manuscript (2012) that included 5 years of follow-up (7), there was
no lasting benefit from the initial course of MTX in terms of development of RA,
radiographic damage or drug-free remission, and the conclusion that followed was that
perhaps early treatment did not result in lasting improvement in longer-term outcomes,
which was somewhat contrary to many findings that demonstrate that earlier treatment in
RA leads to improved long term outcomes (8).
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In this issue of Arthritis and Rheumatology, the PROMPT investigators have further
analyzed the data from this study, this time to address the issue that perhaps earlier analyses
were falsely negative because patients at low-risk of developing classifiable RA were
included; as such, if the highest risk individuals for future RA were able to be identified, a
benefit of treatment may be apparent. With this new approach, they stratified individuals at
baseline as ‘high-risk’ for future RA by applying the “Leiden prediction rule’, a 9-item
instrument that includes clinical and biomarker factors and was developed and validated to
determine which patients with UA may progress to classifiable RA (9, 10). In this re-
analysis, the primary outcome was the fulfillment of the 1987 criteria, and the secondary
outcome was the proportion of patients who achieved drug-free remission.

After applying the Leiden rule, 22 out of the original 110 subjects were identified as ‘high-
risk’, and fortuitously this small subgroup was originally randomized equally to receive
MTX or placebo (11 in each group). Within these subjects, during the overall follow-up of 5
years, 6/11 (55%) MTX-treated subjects developed classifiable RA compared to 11/11
(100%) in the placebo arm (p<0.001). In addition, classifiable RA was significantly delayed
in the MTX-treated subjects (~23 months vs. 3 months; p<0.001), and drug-free remission
was more common (36% vs. 0%, p=0.027). Furthermore, when the data were analyzed using
only high-risk patients who were additionally ACPA positive high-risk (N=18), classifiable
RA was again noted to be significantly delayed, and there was a trend towards greater
preventive effect of MTX use. Finally, in the non-high risk subjects, there was no benefit of
MTX identified. Based on these findings, the authors conclude that in order to see a benefit
of intervention, it will be necessary in future studies to more accurately classify subjects as
high risk, and only enter those individuals into RA prevention trials.

There are several issues to consider when applying the specific findings from the PROMPT
study to future prevention studies in RA, and in particular studies that target the stage of
disease development between the appearance of the first clinically-apparent synovitis, and
classifiable RA. First, this was a very small study using retrospective analyses that may
introduce bias, and therefore much larger studies will need to be done to determine the best
approaches for treating individuals who present with UA. Second, in this latest analysis,
6/11(~55%) of these ‘high-risk’ subjects did not develop classifiable RA, and 4/11 (~36%)
had drug-free remission. Small numbers notwithstanding, these are exciting findings;
however, ~45% of MTX-treated subjects still progressed to classifiable RA. This may have
been due to too low of a dose of MTX (starting dose of 15 mg/week), too short of a course
(1 year), or that MTX targets the wrong pathway at this pathophysiologic stage of RA
development. Further studies are needed to identify the best therapeutic agent(s) to optimize
responses in this early stage of RA development. Third, in this re-analysis 18/22 (~82%) of
the subjects that the PROMPT investigators determined as ‘high-risk’ based on the Leiden
rule also met the 2010 RA Classification Criteria (11) at the time of study entry. The authors
also found that the high-risk designation from the Leiden score performed better than the
2010 RA criteria in identifying those in whom MTX was most effective at preventing RA by
1987 Criteria, although the small sample size in the sub-analysis limits the conclusions that
can be made. However, because the 2010 Criteria are used widely in clinical practice to
guide treatment, it remains to be studied in larger trials how the Leiden prediction rule
compares to the 2010 Criteria in guiding clinical care. Furthermore, given the growing

Arthritis Rheumatol. Author manuscript; available in PMC 2018 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Deane et al.

Page 3

understanding of the pathophysiology of RA and the expansion of blood-based biomarkers
and imaging that are available to assess and monitor disease (12), it will be important to
determine how models that include additional autoantibodies, autoantibody levels, breadth
of autoantibody reactivity, and other imaging or blood-based measures of inflammation can
be used to identify individuals with UA who are at high risk of progressing to classified RA.
And, all of these factors may ultimately need to be incorporated into the ‘standard’
classification criteria for RA in order to ensure that classification criteria truly match the
biology of disease. Finally, while the Leiden rule incorporates duration of symptoms as one
of the 9-items assessed, the authors did not formally assess duration of symptoms in this re-
analysis, although in the original publication it was reported that the duration of symptoms
was longer in the MTX-treated group (312 days versus 263 days, no p-value provided). This
could impact findings because in other studies, duration of disease prior to the initiation of
therapy has been found to be an important factor in response to therapy (8).

Of note, to this point in this editorial, the use of the ‘classic’ definitions of the stages of
prevention, which include primary, secondary and tertiary prevention, have been avoided in
consideration of the PROMPT study as a prevention trial. That is because the application of
these terms depends to a large extent on when disease is considered to occur. Importantly,
the determination of the presence or absence of a disease depends on an understanding of the
disease’s natural history and pathophysiology, as well as classification criteria that may be
determined in an arbitrary way (13, 14). In particular, defining when disease is present in RA
has been affected by the use of two classification schemes (1987 and 2010 Criteria) that
have some variability in their performance and therefore may not identify exactly the same
subjects, or the same stage of disease development (6, 11, 15). The definition of “disease” in
RA has been further challenged by the identification of a preclinical phase in which RA-
related biomarkers that include RF and ACPA are elevated years prior to the development of
clinically-detectable synovitis, or classifiable RA (Figure 1) (16). Specific definitions that
apply to the preclinical phase of RA are in development (17), although as of yet there is no
widely accepted approach to uniformly define preclinical RA. Because of these issues, until
consensus guidelines are developed, it may be more appropriate in RA to define prevention
more broadly as a means to avoid progression from one stage of disease to another, more
severe, stage.

With these issues in mind, it is not yet clear how the findings from the PROMPT study will
directly apply to other types of prevention trials in RA that may target different, and earlier,
stages of disease. In particular, several studies are currently underway, or have recently been
completed, evaluating whether interventions that are given prior to the first clinical evidence
of synovitis may prevent future classifiable disease (18-20). Since these studies target an
earlier phase of RA development than the PROMPT study, the same methods (e.g. Leiden
score) to identify someone with clinically-apparent synovitis that will progress to
classifiable RA may not be appropriate to identify someone with preclinical RA who is at
risk for developing their first clinically-apparent joint with synovitis. Rather, identifying
individuals who will progress from preclinical RA to classifiable disease or even to UA may
rely more heavily on biomarkers than clinical symptoms. Indeed, in the prevention studies
mentioned above, the inclusion criteria depend heavily on RA-related autoantibody
positivity, and in particular ACPA positivity. Furthermore, it will be imperative for future
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prevention studies in RA to identify the right targets for prevention for each stage of disease
development. Specifically, as discussed above, MTX halted progression to classifiable RA in
some of the high-risk PROMPT patients, and it is well-known to be useful in treating
patients with classified RA; however, MTX may not be appropriate to use in the earlier
stages of RA because this drug and others have been optimized for the treatment of
clinically-apparent synovitis, a disease process that may be distinctly different from
preclinical autoimmunity (12). Additionally, with the increasing understanding that
preclinical RA is associated with and perhaps driven by mucosal inflammation (21), in some
cases it may be more appropriate to approach prevention through modulation of that process.
Furthermore, studies are needed to assess how changes in biomarkers or other measures over
time can be used to assess efficacy of an intervention. The field is currently accustomed to
‘treating to target’ in patients with classifiable RA, and in other diseases such as
cardiovascular disease, specific lipid biomarkers are repeatedly assessed over time to gauge
response to therapy. Similar approaches may be applied in RA prevention, although the
targets may need to change in order to reflect underlying immunopathology rather than
counts of tender and swollen joints that are highly weighted in most tools that are currently
used to assess disease activity in individuals who have clinically-apparent synovitis.

Despite these caveats, this re-evaluation of the PROMPT data addresses a critically
important concept of identifying the right individuals to include in any type of prevention
study in RA. Certainly, this concept is not new as investigators have long tried to enroll the
‘right” patients in studies in order to optimize the identification of meaningful interventions.
However, in prevention trials where the success of the trial may rest heavily on the number
of strictly defined outcomes as dichotomous variables (e.g. RA present or absent), it is likely
even more important to accurately identify adequate risks for events in order to have
sufficient outcomes for analyses during defined study periods. Moreover, given the temporal
limits of clinical trials, inclusion criteria will need to incorporate both the likelihood of an
important outcome, as well as the timing of that outcome. For example, in studies of
preclinical RA, this means that inclusion criteria will need to provide estimates of the
number of individuals who will develop classifiable RA, as well as the estimate how many
of those events will occur during the study period. Furthermore, when inclusion criteria
adequately reflect the underlying biology of disease, they can help identify the subjects with
the right biology that will respond to a specific intervention. These critical issues for
prevention trials can be summed up as: right individuals, right time, and right drug/
intervention — all of which can be informed by robust inclusion criteria.

As such, great efforts should be put into identifying the right set of inclusion criteria for
clinical prevention trials, with these criteria being based on sound understanding of the
natural history of disease and its underlying biology. The several trials seeking to prevent the
development of classifiable RA in autoantibody positive individuals who do not have
clinically-apparent synovitis at baseline, are already building on significant data that the
presence of ACPA with or without RF positivity is highly predictive of the future onset of
classifiable RA (16). However, as the knowledge about preclinical RA grows from these and
other studies on the natural history of RA, we should be prepared to perform additional
stratification that can be informed by a variety of clinical, biomarker and imaging factors
that will allow for delivery of ‘precision medicine’ in prevention (22).
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Related to the above issues, it is important to consider the planned duration of preventive
trials, especially if a planned intervention may take a long time to demonstrate its effect. For
example, while one may expect a large and “quick’ preventive effect on future classifiable
RA from a DMARD, it may take much longer for a lifestyle intervention to result in
demonstrable outcomes (23). Specifically, retrospective studies suggest that it may take 10—
20 years to see an effect of smoking cessation on the future development of RA (24). As
such, an RA prevention trial where the intervention was smoking cessation would require
very prolonged follow-up in order to adequately assess outcomes. Although this appears to
be a daunting issue, improvements in cardiovascular disease outcomes using interventions
such as statins have been measured not only in years but rather decades (25), so such
approaches are possible. In addition, to date, the majority of RA prevention studies,
including the PROMPT study, have enrolled subjects who have come to attention because
they have sought medical care for symptoms. However, to identify individuals even earlier in
the natural history of RA, different strategies will have to be employed, that may require
more public health-type approaches (Figure 1) and investment by clinicians, investigators
and funding agencies, as well as individuals who are at-risk for rheumatic diseases whose
participation in preventive trials will be critical to move the field forward. In particular, some
prevention studies that are underway, including StopRA (Strategy for the Prevention of
Onset of Clinically-Apparent RA) (18), are seeking to identify some study subjects even
prior to presentation to clinical care through serum ACPA screening of higher risk
populations such as first-degree relatives of patients with RA, an approach which has both
advantages and disadvantages but is an approach more akin to cardiovascular disease and
cancer prevention.

Overall, however, it is exciting that rheumatology is to a point where prevention in RA can
more comprehensively be addressed. Hopefully, as the understanding of the pathophysiology
and natural history of RA as well as other rheumatic diseases (e.g. lupus (26)) improves, the
development of robust inclusion criteria for prevention studies as well as addressing other
issues will find the right balance between 1) accurately classifying individuals in each stage
of RA development, 2) precisely predicting risk for progression to the next ‘worse’ stage of
disease, and 3) understanding the biology of disease in each stage and on an individual level
so that optimal interventions can be applied. Hopefully, addressing these issues will soon
culminate in investigators being able to demonstrate conclusively that preventive
interventions work for rheumatic disease.
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Figure 1. Model for rheumatoid arthritis (RA) development
In this model, RA develops in three general Stages: 1) No detectable autoimmunity, 2)

Initiation and then 3) Propagation of autoimmunity. At each Stage, the biology of disease
can be defined through a variety of factors. Each Stage is also characterized by clinical
presentation that may be asymptomatic, unclassifiable signs and symptoms (where the
PROMPT study falls), and ultimately classifiable RA using established criteria (e.g. 1987 or
2010 Criteria). Identifying individuals at each Stage requires different approaches such as
autoantibody screening to identify asymptomatic or early symptomatic autoimmunity that
may be difficult to recognize as related to RA, or clinical evaluation if signs and symptoms
of synovitis are present. At each Stage, major challenges are to 1) accurately identify
individuals who are in each stage, 2) precisely define the risk for progression to the next
‘worse’ stage, and 3) define the biology so that effective interventions can be applied to
maintain, improve or even facilitate an individual’s transition back to a prior Stage.

*Of note, genes and environment likely act throughout all Stages. In addition, the specific
auration of each Stage may vary across individuals.
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