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Preface

Rheumatoid arthritis (RA) is a chronic immune-mediated inflammatory disease characterized
by persistent synovitis and progressive damage to multiple joints. Joint damage is related to
physical function and health-related quality of life. In addition to joint damage, RA-associated
systemic inflammation can cause medical problems in multiple tissues and organs. Over the past
two decades, significant advances have been made in the management of RA. Early diagnosis,
prompt initiation of pharmaceutical therapies, and application of a treat-to-target strategy with
tight disease control have greatly improved long-term outcomes of patients with RA. A growing
array of conventional, biological, and nonbiological targeted disease-modifying antirheumatic drugs
(DMARD:s) are currently available.

Despite this remarkable therapeutic revolution, we are confronted by many difficulties in our
daily practice of managing patients with RA. Some patients remain unresponsive to current DMARD
therapies or experience disease flares after achieving a state of remission or low disease activity.
Additionally, the presence of persistent subclinical inflammation may induce progressive damage of
joints, even after patients have achieved clinical remission. Currently, we lack reliable biomarkers by
which to select optimal DMARD therapies and predict the patient response to individual treatments.
RA-related extra-articular manifestations, such as respiratory, cardiovascular, and renal disease,
osteoporosis, and malignancy, contribute greatly to the diminished quality of life and mortality of
RA patients. Poor control of disease activity can increase the risk of death. Thus, we need to improve
our overall approach to RA patients who are at increased risk of extra-articular manifestations.

The aim of this Special Issue is to highlight up-to-date information on concepts in RA
pathogenesis and new advances in diagnostic and therapeutic strategies for RA, with a particular
focus on the abovementioned unmet clinical needs in patients with RA. We hope that this
collection will stimulate further investigation, facilitate multidiscipline collaboration, and inspire new

perspectives in the study of RA.

Shunsuke Mori
Guest Editor






Journal of Z
% Clinical Medicine ml\l)\Py

Review

Unmet Needs and Current Challenges of Rheumatoid Arthritis:
Difficult-to-Treat Rheumatoid Arthritis and Late-Onset
Rheumatoid Arthritis

Satoshi Takanashi and Yuko Kaneko *

Division of Rheumatology, Department of Internal Medicine, Keio University School of Medicine,
35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582, Japan
* Correspondence: ykaneko.z6@keio.jp; Tel.: +81-3-5363-3786; Fax: +81-3-5379-5037

Abstract: Despite remarkable advances in the management of RA, there are still unmet needs that
rheumatologists need to address. In this review, we focused on difficult-to-treat RA (D2T RA) and late-
onset RA (LORA), and summarized their characteristics and management. The prevalence of D2T RA
is reported to be 6-28% and many factors have been identified as risk factors for D2T RA, including
female sex, long disease duration, seropositivity for rheumatoid factor and anti-cyclic citrullinated
peptide antibody and their high titer, baseline high disease activity, and comorbidities. D2T RA is
broadly divided into inflammatory and non-inflammatory conditions, and clinical features differ
according to background. A proportion of D2T RA can be managed with treatment modification,
mainly with interleukin-6 receptor inhibitors or Janus kinase inhibitors, but some D2T RA patients
have a poor prognosis; thus, the implementation of precision medicine by stratifying patients
according to disease status is needed. In the aging society, the epidemiology of RA is changing and
the prevalence of LORA is increasing worldwide. LORA has distinct clinical features compared with
young-onset RA, such as acute onset, low seropositivity, and high inflammation. The pathogenesis of
LORA remains to be elucidated, but proinflammatory cytokines, including interleukin-6, have been
reported to be significantly elevated. LORA has several management concerns other than RA itself,
such as geriatric syndrome and multimorbidity. The treat-to-target strategy is effective for LORA,
but the evidence is still lacking; thus, it is important to accumulate clinical and related basic data to
establish the optimal treatment strategy for LORA.

Keywords: rheumatoid arthritis; difficult-to-treat rheumatoid arthritis (D2T RA); JAK inhibitors;
late-onset rheumatoid arthritis; elderly; aging

1. Introduction

The landscape of rheumatoid arthritis (RA) has changed dramatically in recent
decades. The development of the 2010 American College of Rheumatology (ACR)/
European Alliance of Associations for Rheumatology (EULAR) classification criteria [1],
which allows for the early diagnosis of RA; the treat-to-target (T2T) strategy [2]; novel
treatments, such as biologic disease-modifying anti-rheumatic drugs (hDMARDs) and
Janus kinase inhibitors (JAKis) (Table 1) [3,4]; and the widespread use of evidence-based
EULAR recommendations for RA [5] have contributed to a paradigm shift in the man-
agement of RA. As a result, the achievement rate of the treatment goal has improved
remarkably [6], and the life expectancy of patients with RA is increasing [7]. Further-
more, research is underway to establish disease prevention and chronicity techniques in
preclinical RA [8,9]. Despite the remarkable progress in the management of RA, there
are several unmet needs that rheumatologists need to address in the future, such as
difficult-to-treat RA (D2T RA), in which treatment goals are not achieved for multifacto-
rial reasons [10,11], as well as late-onset RA (LORA) in the super-aging society [12,13].

J. Clin. Med. 2024, 13, 7594. https:/ /doi.org/10.3390/jcm13247594 1 https://www.mdpi.com/journal /jcm
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In this review, we focus on these unresolved issues in the field of RA and discuss how
they can be addressed in the future.

Table 1. Molecular targeted therapy for rheumatoid arthritis.

Infliximab

Etanercept

Adalimumab

TNF inhibitors Golimumab

Certolizumab pegol

Ozoralizumab

T cell co-stimulation modulator Abatacept

Tocilizumab

IL-6 receptor inhibitors
Sarilumab

B cell depletion Rituximab

Tofacitinib

Baricitinib

JAK inhibitors Peficitinib
Upadacitinib

Filgotinib

IL-6: interleukin-6; JAK: Janus kinase; TNF: tumor necrosis factor.

2. Difficult-to-Treat Rheumatoid Arthritis (D2T RA)
2.1. Concept and Definition of Difficult-to-Treat RA (D2T RA)

There is a proportion of patients who remain symptomatic after several cycles of
treatment based on EULAR recommendation and who fail to achieve the treatment goal;
this population has been recognized as a significant clinical problem [10]. They have
been described as refractory, treatment-resistant, severe, complex, or difficult-to-treat, but
there has been a lack of consistent terminology to define this population. To address
the great unmet need, the EULAR Task Force conducted an international survey among
rheumatologists to provide terminology and a definition of D2T RA as an essential first step.
This international survey on the disease characteristics of D2T RA was conducted among
410 rheumatologists in 2018. In the survey, 50% of them answered ‘disease activity score
assessing 28 joints using erythrocyte sedimentation rate (DAS28-ESR) >3.2 or presence of
signs suggestive of active inflammatory disease activity with a DAS28-ESR < 3.2” as being
characteristics of D2T RA [11]. Also, 62% answered ‘>1 or 2 conventional synthetic (cs)
DMARDs and >2 b DMARD:s or targeted synthetic (ts) DMARDs with different modes of
action’ as being the minimum number of inadequately effective DMARDs that should have
been applied. Based on the results, EULAR proposed a definition of D2T RA in 2021 [14]
(Table 2). Briefly, all three criteria need to be present in D2T RA, as follows: first, a treatment
failure of 2 > bDMARDs with a different mechanism of action after failing csDMARDs
treatment; second, signs suggestive of active or progressive disease, such as moderate
or high disease activity according to the validated composite measures, inability to taper
glucocorticoid treatment, rapid radiographic progression, and symptoms that are causing a
reduction in quality of life; third, the perception of the rheumatologist and/or patients that
the management of RA is problematic.
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Table 2. EULAR definition of difficult-to-treat rheumatoid arthritis (D2T RA).

Treatment according to European League Against Rheumatism recommendation and failure of >2 b/tsDMARDs (with

! different mechanisms of action) * after failing csDMARD therapy (unless contraindicated).t

Signs suggestive of active/progressive disease, defined as >1 of:

a. Atleast moderate disease activity (according to validated composite measures including joint counts; for example,
5 DAS28-ESR > 3.2 or CDAI > 10).

b. Signs (including acute phase reactants and imaging) and/or symptoms suggestive of active disease (joint related or other).
c. Inability to taper glucocorticoid treatment (below 7.5 mg/day prednisone or equivalent).

d. Rapid radiographic progression (with or without signs of active disease). {

e.  Well-controlled disease according to above standards, but still having RA symptoms that are causing a reduction in quality
of life.

3 The management of signs and/or symptoms is perceived as problematic by the rheumatologist and/or the patient.

All three criteria need to be present in D2T RA. * Unless restricted by access to treatment due to socioeconomic
factors. T If csDMARD treatment is contraindicated, a failure of >2 b/tsDMARDs with different mechanisms of
action is sufficient. § Rapid radiographic progression: change in van der Heijde-modified Sharp score >5 points at
1year. Abbreviations—b: biological; CDALI clinical disease activity index; cs: conventional synthetic; DAS28-ESR:
disease activity score assessing 28 joints using erythrocyte sedimentation rate; DMARD: disease-modifying
antirheumatic drug; mg: milligram; RA: rheumatoid arthritis; ts: targeted synthetic.

2.2. Prevalence of Difficult-to-Treat RA

At the time the concept of D2T RA was developed, its prevalence was estimated
to be around 3-10% of all RA patients [10]. Since the EULAR definition of D2T RA has
been proposed, several real-world studies of D2T RA have been published and the actual
prevalence of D2T RA ranges from 5.9 to 27.5% in clinical practice (Table 3) [15-31]. The
reasons for the variation in the prevalence of D2T RA may be due to differences in the
patient populations included (proportion of early RA, established RA), healthcare systems,
type of institute (academic hospital, general hospital, clinic), and access to drugs.

Table 3. Prevalence and clinical characteristics of D2T RA.

P 1
Reference o /ra’f ence Relevant Factors
o

Low socioeconomic status
Young onset

Multiple comorbidities
Fibromyalgia
Depression/anxiety
Non-adherence

Alcohol use

Limited drug option

Roodenrijs NMT [15] N/A

Female
Long disease duration
Delayed bDMARDs/JAKis initiation
Low body weight
RF positivity

Takanashi S [16] 10.1 (173/1709) Anti-CCP positivity
Contraindication or intolerance to MTX
Admission history of infection
Multiple comorbidities
Chronic kidney disease
Lung disease

High RF titer (>156.4 IU/mL)
Watanabe R [17] 7.9 (53/672) High baseline disease activity
Lung disease

Messelink MA [18] 6.6 (123/1873) N/A
Ochi S [19] 16.6 (353/2128) N/A
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Table 3. Cont.

Reference

Prevalence
% (n)

Relevant Factors

Yoshii I [20]

21.5 (71/330)

Young onset

Long disease duration

High RF titer

High anti-CCP titer

High RDCI

High baseline disease activity
Worse QOL score

Worse radiological progression

Giollo A [21]

24.9 (48/193)

Delayed MTX treatment
Long-term glucocorticoid use

Novella-Navarro M [22]

13.7 (122/893)

Young onset

Leon L [23]

5.9 (35/631)

Young onset

RF positivity

High baseline DAS28
High baseline HAQ
Dyslipidemia

Liver disease

DMARD monotherapy

Hecquet S [24]

23.8 (76/320)

Low socioeconomic status
Long disease duration

RF positivity

Diabetes mellitus
Interstitial lung disease
Non-MTX use

Garcia-Salinas R [25]

27.5(76/276)

High RF titer

Anti-CCP positivity/ high titer
Bad baseline HAQ

Presence of erosion

Jung JY [26]

11.7 (271/2321)

Young age

Long disease duration
Low RF
Non-csDMARDs use
Rheumatoid nodule
Cardiovascular disease
Worse RAPID3

David P [27]

16.8 (247 /1469)

N/A

Michitsuji T [28]

14.0 (43/307)

N/A

Bertsias A [29]

19.9 (251/12664)

Female

Young age at L(DMARDs /JAK:is initiation

RF negativity
Shorter disease duration
Osteoarthritis

DAS28 at bDMARDs/JAKis initiation

Alp G [30]

8.9 (27/302)

Young onset

Long disease duration
Sjogren syndrome
Extra-articular manifestation
Comorbidity

Fibromyalgia

High RF
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Table 3. Cont.

Reference F revalence Relevant Factors
%o (1)
Young onset
High RF
Watanabe R [31] 12.4 (450/3623) Comorbidity
High disease activity

Diabetes mellitus

Anti-CCP: ant-cyclic citrullinated peptide antibody; bDMARD:s: biological disease-modifying anti-rheumatic
drugs; csDMARDs: conventional synthetic disease-modifying anti-rheumatic drugs; DAS: disease activity score;
D2T RA: difficult-to-treat rheumatoid arthritis; HAQ: health assessment questionnaire; JAKi: Janus kinase
inhibitor; MTX: methotrexate; N/A; not available; RAPID3: Routine Assessment of Patient Index Data 3; QOL.:
quality of life; RDCI: rheumatic disease comorbidity index; RF: rheumatoid factor.

The accumulation of evidence has revealed several concerns about the definition
of D2T RA. Firstly, how to deal with older patients with comorbidities. We verified the
definition in our institution, where approximately 60% of 1700 patients were treated with
b/tsDMARDs, resulting in approximately 85% achieving target (60% in remission and 25%
in low disease activity), and revealed that 10% are classified as D2T RA [16]. In the process
of this research, we also identified 77 patients (5%) who were non-D2T RA despite being in
moderate or high disease activity due to the non-fulfillment of the criterion of the failure of
two b/tsDMARDs with different mechanisms of action [32]. This population was older
at diagnosis and last visit (62.3 and 77.5 years, respectively), and had more comorbidities,
including lung and kidney disease (41.6 and 50.6%, respectively), which made them or their
attending physicians reluctant to intensify or change the treatment. These data suggested
that we should pay more attention to patients with RA who do not meet the current criteria
because of safety concerns.

Secondly, how to deal with the patients who have limited access to bPDMARDs or
JAKi due to the socioeconomic reasons [16]. Because of the high cost of the drugs, some
patients with an inadequate response to methotrexate (MTX) are unable to try bDMARDs
or JAKi. In the definition of D2T RA, the following is described in the footnote: “failure of
>2 b/tsDMARDs unless restricted by access to treatment due to socioeconomic factors”;
therefore, these patients are also included as having D2T RA. The definition of D2T RA is a
broad concept that includes social factors, so it is necessary to recognize that D2T RA is a
heterogeneous condition.

These real-world data highlight the performance and concerns of the EULAR definition
in clinical practice.

2.3. Clinical Characteristics and Risk Factors for D2T RA

In general, many factors may be complicatedly associated with the condition of
D2T RA, such as immunologic mechanism, pharmacogenetics, smoking, immunogenicity
of bDMARDSs, adverse drug reactions, medication non-adherence, and inappropriate
medication use [10]. In addition, factors surrounding the patients such as comorbidities,
obesity, and joint damage may affect the signs and symptoms of RA. We have summarized
the factors contributing to D2T RA from the real-world data in Table 3 [15-31]. There are
many factors including female sex; young onset; long disease duration; treatment delay;
seropositivity for rheumatoid factor (RF) and anti-cyclic citrullinated peptide antibody
(anti-CCP); multiple comorbidities, especially lung disease, chronic kidney disease, and
fibromyalgia; and baseline high disease activity. These data suggested that D2T RA is a
highly heterogeneous and multifactorial condition. Interestingly, these factors have been
shown to work synergistically to increase the risk of D2T RA. In one study, RF titer, baseline
DAS28, and co-existing pulmonary disease were extracted as risk factors of D2T RA, and
the combinational score of the three factors was positively correlated with the futuristic
development of D2T RA [17]. Another study showed that treatment delay, female gender,
and higher disease activity were independent predictors of refractory disease course and
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that a matrix risk model using these factors efficiently predicts patients” progression to D2T
RA [33].

2.4. Subgroup of D2T RA

As D2T RA is a heterogeneous condition, it is important to stratify patients appropri-
ately for optimal treatment (Table 4). At first, patients are usually divided into two groups
according to the presence or absence of inflammation [34]. Inflammatory D2T RA is charac-
terized by a lack of response to multiple DMARDs and persistent signs of inflammation.
On the other hand, non-inflammatory D2T RA has also been exposed to multiple DMARDs
and remains symptomatic, but there is little objective inflammation. In this condition,
the effects of accumulated damage and/or secondary osteoarthritis, functional decline,
chronic pain syndrome and/or fibromyalgia, as well as central sensitization, also modify
the symptoms of RA. In a cross-sectional study comparing the clinical features of inflam-
matory and non-inflammatory D2T RA based on ultrasound findings, 57% of patients with
D2T RA had residual synovitis in one or more joints, while the remaining 40% had no
detectable inflammation. These two groups were clinically distinct—the inflammatory
group had an increased swollen joint count (5.0), high CRP levels (1.0 mg/dL), and high
DAS28-CRP (5.3), while the non-inflammatory group had a higher proportion of obesity
(55%) and fibromyalgia (15%) [27]. A previous study suggested that such residual pain
in non-inflammatory D2T RA is attributable to persistent central sensitization and the
development of maladaptive pain processing [35]. Another study reported that synovial
fibroblast lining cells may be involved in dorsal root ganglion axonal growth and cause
low inflammatory intractable pain [36]. Further detailed elucidation of the mechanism is
required for appropriate treatment.

Table 4. Subgroup of D2T RA.

Reference Subgroup and Characteristics

Non-adherence and dissatisfaction

- Treatment non-adherence
- Depression

Pain syndrome and obesity
- Smoking

Roodenrijs NMT [15] - Obesity
- Fibromyalgia
- Anxiety
- High tender joint count
True refractory RA

- Erosion
- Rheumatologist’s with to intensify treatment (where no further treatment options exist)

Multidrug resistance

- Failure to 3 > bDMARDs/JAKis
- High tender joint count
- High physician global assessment
Comorbidity
Takanashi S [16] - Older age
- History of admission due to infection
- High RDCI
- Long disease duration
- Small physique
Socioeconomic
- Difficulty in initiation of bDMARDs/JAKi due to economic reason
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Table 4. Cont.

Reference Subgroup and Characteristics
Persistent inflammatory refractory RA (PIRRA)
- High swollen joint count
- High CRP
David P [27] - Worse DAS28-CRP

Non-inflammatory refractory RA (NIRRA)

- High BMI and more obese people
- High fibromyalgia prevalence

BMI: body mass index; bDMARD:s: biologic disease-modifying anti-rheumatic drugs; CRP: C-reactive protein;
DAS: disease activity score; JAKi: Janus kinase inhibitor; RA: rheumatoid arthritis; RDCI: rheumatic disease
comorbidity index.

There are several reports on subgroups of D2T RA from real-world cohort studies.
In our study, we divided into three groups based on medical record information and the
opinion of attending rheumatologists—the multidrug resistance group, the comorbidity
group, and the socioeconomic group [16]. We found that the clinical characteristics differed
between the groups. The multidrug resistance group had the highest tender joint count
(3.4 joints) and evaluator global assessment score (21.9 mm) of the three groups, despite
having tried an average of 3.9 different bLDMARDs/JAKis. The patients in the comorbidity
group showed the highest rate of admission due to infection (64.7%), the highest score of
rheumatic disease comorbidity index (1.9), and the most frequent comorbidities of lung
involvement (52.9%). They were also significantly older (75.3 years), had the longest disease
duration (18.4 years), and showed the smallest physique.

The other study that conduced cluster analysis using the clinical characteristics of
D2T RA showed that there are three subgroups—non-adherence and dissatisfaction group,
pain syndromes and obesity group, and true refractory RA [15]. This study showed that
co-existing factors not directly related to the pathology of RA, such as obesity, anxiety,
depression, fibromyalgia, and treatment non-adherence, were also important in stratifying
D2T RA.

Therefore, D2T RA can be stratified according to its clinical features, reflecting the
heterogeneity of this state, and a personalized approach will be needed to resolve the D2T RA.

2.5. Management and Treatment Strategy of Difficult-to-Treat RA

EULAR has proposed points to consider and an algorithm for the management of D2T
RA [37]. This algorithm proposes a multifaceted approach, including not only pharmaco-
logical but also non-pharmacological intervention, because the reasons for the difficulties
in the management are different for each individual. First, this proposal emphasizes the
need to reassess the diagnosis of RA from other diseases. If a patient is suspected of having
D2T RA, the possibility of misdiagnosis and/or the presence of a co-existing mimicking
disease should be considered. Once the diagnosis of RA has been re-confirmed, a treat-to-
target strategy should be implemented in accordance with the EULAR recommendation
and also the residual inflammation should be assessed using ultrasound. Regarding the
choice of treatment among bDMARDs and JAKis, it is recommended to switch to the
other mode of action, and there are also some real-life data to support this strategy [16,38].
Additionally, it was mentioned that the maximum dose acceptable from a safety point
of view should be used. In addition to pharmacological treatment, we should focus on
non-pharmacological management, including education, exercise, and self-management,
to optimize the management of functional disability, pain, and fatigue.

We have reported the long-term follow-up data of patients with D2T RA [39]. Our data
showed that patients who resolved D2T RA more frequently underwent treatment changes,
suggesting that further treatment modification was important for the management of D2T
RA. In this study, 80% of patients who resolved D2T RA were treated with IL-6i or JAKis,
and logistic analysis showed that the use of IL-6i was a relevant factor for the resolution of
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D2T RA. Another study demonstrated that JAKi treatment had the highest CDAI remission
rate in patients with D2T RA compared to TNFi, IL-6i, and CTLA4-Ig [18]. A further study
revealed that JAKi and RTX showed the highest DAS28-ESR remission rate in patients
with D2T RA [24]. A recent study involving 450 patients with D2T RA revealed that IL-6i
and JAKi were associated with fewer discontinuations due to ineffectiveness compared
to TNFi [31]. These data suggest that IL-6i and JAKi may be the preferred choice for the
management of D2T RA. Recently, the overexpression of the type 1 interferon signature
has been suggested as one of the key cytokines involved in D2T RA [40,41]. Several data
have suggested that JAKis, which can suppress the interferon pathway, and IL-6is show
the preferred treatment response in patients with type 1 interferon overexpression [19,42].
However, as the pathophysiology of RA is heterogeneous and the optimal treatment target
may differ among individuals, it is necessary to establish an appropriate method to stratify
patients with D2T RA based on their immune status using transcriptome, gene expression,
cytokines, or clinical data, which can lead to precise treatment to overcome D2T RA.

Evidence for non-pharmacological interventions in D2T RA is limited. It would
be difficult to accumulate and assess the data on non-pharmacological interventions in
retrospective studies; therefore, prospective non-pharmacological interventional programs
should be conducted that could help to optimize the management of D2T RA in terms of
pain, fatigue, and functional disability.

2.6. Outcome of D2T RA

There are few reports on the outcome of D2T RA. We identified 173 patients with
D2T RA [16], followed them for 5 years, and investigated their outcome [39]. During
the 5-year follow-up, 23 patients were lost to follow-up. Of the 150 patients with D2T
RA, 45% resolved D2T RA, 50% had persistent D2T RA, and 5% deceased. Patients who
resolved D2T RA significantly changed their treatment during the five years, and the
use of IL-6 receptor inhibitors was associated with preferable outcomes. On the other
hand, the relevant factors for poor prognosis in D2T RA were multiple comorbidities and
glucocorticoid dose escalation. Multimorbidity was known to be a strong predictor of a
poor outcome of RA from the cluster analysis based on the number of comorbidities [43].
Indeed, Watanabe et al. also demonstrated that the use of oral glucocorticoids is associated
with a risk of toxic side effects in patients with D2T RA [31]. Glucocorticoid use is known
to be associated with numerous side effects, including infection, cardiovascular disease,
and osteoporosis [44,45]. These results suggested that a portion of patients with D2T RA
can be managed by further treatment modification and that a treatment strategy without
glucocorticoids is important to overcome D2T RA.

Another study investigated the long-term functional trend in D2T RA [29]. Trajectory
analysis revealed four distinct functional HAQ trends. About 20% of D2T RA patients
had a more favorable function, with mHAQ scores of 0.41 that remained stable during
follow-up. Approximately 40% of the D2T RA patients showed a gradual improvement
(mHAQ from 1.21 to 0.87). On the contrary, two groups with unfavorable functional status
were identified, of which about 30% had a gradual worsening of functional status (mHAQ
from 0.68 to 1.10) and 10% had stable and significant functional limitations throughout
follow-up, with mHAQ scores > 1.5. The presence of mental health- and pain-related
conditions or metabolic diseases had a significant contribution to the worsening of the
mHAQ, suggesting that a special focus on comorbidities, together with better control of
the inflammatory burden, could improve the outcome of patients with D2T RA.

Inadequate disease control of RA is strongly associated with all-cause mortality, cardio-
vascular disease, cancer, and respiratory disease [46]. Co-existing comorbidities also have a
strong impact on the prognosis of D2T RA; it is necessary to manage and try to escape D2T
RA by adapting the appropriate treatment and thorough management of comorbidities to
improve their outcome.

We summarize the clinical characteristics and management of D2T RA in Figure 1.
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Figure 1. Clinical characteristics and management of difficult-to-treat rheumatoid arthritis
(D2T RA). The prevalence of D2T RA is 6-28% in the real-world, and female, young onset, long
disease duration, treatment delay, high disease activity, low economic status, and seropositivity
are risk factors. D2T RA can be divided into two groups with or without residual inflammation.
The 5-year mortality is 5%, and comorbidity and glucocorticoid use are risk factors. D2T RA is
a highly heterogeneous and multifactorial condition that requires a personalized approach for
effective management.

2.7. Future Prospectives for Preventing D2T RA

There have been no clinical trials in D2T RA to date and this should be considered in
the future. However, ideally, preventive strategies should be implemented to avoid increas-
ing levels of D2T RA in the future. It is crucial to identify the optimal therapeutic target
molecule at an early stage of RA. Currently, it is difficult to predict an individual’s response
to targeted therapy, so treatment guidelines are based on a trial-and-error approach, in
which a molecular targeted treatment is given and if it does not work, the therapeutic target
is changed. However, repeated treatment failures are known to lead to the development of
D2T RA, so the implementation of precision medicine by stratifying patients according to
disease status and using state-of-the-art methods such as identifying the molecular biology
of RA; machine learning will improve treatment response rates. In particular, basic research
on synovial fibroblasts and dendritic cell precursors should be targeted to address this
condition [36,47].

3. Late-Onset Rheumatoid Arthritis (LORA)
3.1. Epidemiology and Clinical Characteristics of LORA

The epidemiology of RA is changing and its prevalence has increased in recent
decades [48]. In particular, autoantibody-negative, so-called ‘seronegative’, RA is in-
creasing, and the majority of this population suffers from late-onset rheumatoid arthritis
(LORA) [49]. In line with this trend, the age at onset of RA has been increasing worldwide,
and the onset age in the histogram demonstrated a major peak around the ages of 60 to
70 [50,51]. Given the aging society worldwide, the number of LORA patients is expected to
increase in the future [49]. However, there is no consensus on the definition of LORA, with
many using 60 or 65 years as a common cut-off [13].

LORA has been reported to differ from young-onset RA (YORA), which is generally
defined as an age of onset of RA of less than 60 or 65 years and does not include juvenile
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idiopathic arthritis, not only in age of onset but also in several clinical features [51-56].
Specifically, patients with LORA are known to be typically negative for autoantibodies
including anti-CCP and RF, and have a more acute onset, proximal joint involvement,
and higher inflammatory markers, making it sometimes difficult to distinguish from
polymyalgia rheumatica (Table 5). Multivariate analysis showed that cases with three
factors extracted as independently associated with LORA—anti-CCP antibody negativity,
acute onset, and high erythrocyte sedimentation rate—were considered typical of LORA,
with the number of relevant cases gradually increasing from 65 years of age. When LORA
was defined as a patient fulfilling all three factors, a cut-off age of 68-73 years was found
using receiver operating curve analysis [51].

Table 5. Clinical characteristics of late-onset rheumatoid arthritis.

Young-Onset RA Late-Onset RA

Sex (female), (%) 70-85 50-80
Acute onset, (%) 5-10 20-65
Proximal joint involvement, (%) 35-50 50-80
Positivity for anti-CCP, (%) 60-85 40-70
Positivity for RF, (%) 70-85 45-75
TJC 2-6 5-6

SJC 2-4 4-8

PGA, mm 35-50 35-65
EGA, mm 30-60 30-60
ESR, mm/h 20-35 40-60
CRP, mg/dL 0.5-1.5 0.8-4.5
CDAI 10-17 15-20
DAS28-ESR 4-5.5 5-6

HAQ-DI 0.4-0.7 0.7-15

Anti-CCP: anti-cyclic citrullinated peptide; CDALI: clinical disease activity index; CRP: C-reactive protein; DAS:
disease activity score; EGA: evaluator global assessment; ESR: erythrocyte sedimentation rate; HAQ: health
assessment questionnaire—disability index; RF: rheumatoid factor; SJC: swollen joint count; TJC: tender joint
count; PGA: patient global assessment.

LORA has also been reported to be more prone to progressive bone destruction [53,54].
One study reported that the improvement in DAS28-ESR at 12 months was as good in
LORA as in YORA, but residual synovial thickening and power Doppler signals assessed
using ultrasounds and radiographic progression were significantly worse in LORA [53].
Similarly, in a study comparing the proportion of radiological progression in LORA and
YORA that was free of bone erosions at the time of RA diagnosis and achieved remission
after a further 1-2 years, bone erosions were significantly more common in LORA [54]. In
addition, patients with bone erosions had a significantly higher disease activity at diagnosis.
These results suggest that LORA differs from YORA not only in the age of onset but also in
the clinical features of RA itself, and that even if disease activity can be controlled, there is
a high risk of radiological progression; therefore, early diagnosis and treatment is needed.

3.2. Pathogenesis of Late-Onset Rheumatoid Arthritis

Although the clinical features of LORA are distinct from those of YORA, the un-
derlying immune status remains unclear. A study using synovial biopsy revealed that
the baseline synovial pathotype, including lympho-myeloid, diffuse-myeloid, and pauci-
immune-fibroid, did not differ between LORA and YORA [53]. After 6 months of treatment,
there was a trend towards a higher frequency of the pauci-immune-fibroid pathotype in
YORA, coupled with a reduction in the frequency of the lympho-myeloid pathotype. In ad-
dition to the synovial pathotype, the overall synovitis inflammatory score and macrophage
(lining /sublining), T cell, B cell, and plasma cell infiltration did not differ between the two
groups at baseline and 6 months. However, YORA patients demonstrated a significant de-
crease in all synovial inflammatory parameters, whereas LORA presented only mild, albeit
significant, decreases in synovitis, sublining macrophage, and T cell scores, with no signif-
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icant changes in lining macrophages, B cells, and plasma cells. To summarize, although
no obvious difference between LORA and YORA was detected via the immunostaining
of bulk synovial tissue at baseline, differences in synovial tissue changes after treatment
were observed, with a reduced inflammatory cell infiltration in YORA, suggesting that
more high-resolution strategies, such as single-cell analysis, may help to elucidate and
understand the differences in the pathogenesis of LORA and YORA.

With regard to serum cytokines, significantly higher levels of IL-6 were found in
patients with LORA, especially in those with polymyalgia rheumatica-like symptoms, com-
pared to those with YORA [57]. On the other hand, levels of serum tumor necrosis factor-o
were significantly lower in patients with LORA than in those with YORA. Studies using
synovial fluid have also reported significantly higher levels of IL-6 in LORA compared to
YORA. It is known that there is a chronic inflammatory state called ‘inflammageing’, which
is associated with increased IL-6 in older people [58]. In addition, cellular stress responses
with the release of IL-6 increase with age, contributing to the persistent inflammation seen
in older people [59,60]. As the fundamental differences between late-onset and young-onset
RA are poorly understood, a multifaceted analysis combining immunophenotyping and
cytokine analysis using synovial tissue and peripheral blood with clinical features and
treatment response data would contribute to a detailed understanding of the pathogenesis
and to the establishment of optimal treatment strategies for LORA.

3.3. Management of Late-Onset Rheumatoid Arthritis

In the management of LORA, there are many issues other than RA itself, including
geriatric syndromes such as frailty, dementia, physical function, and organ dysfunction, as
well as comorbidity, which are complex and intertwined with each other, making it a very
difficult condition to address, which has been referred to as the ‘spaghetti model” [61]. To
manage the complex ‘spaghetti model’, the 5Ms approach—Mind, Mobility, Medication,
Multicomplexity, and Matters Most—is proposed, which focuses on geriatric care and can
help to develop a management plan tailored to the needs of older people.

Regarding the treatment of RA, a consensus statement on LORA has now been pub-
lished [62], recommending methotrexate as primary treatment, with consideration of
molecular-targeted agents if treatment goals cannot be achieved. Achieving a treat-to-target
strategy has been shown to be associated with high remission rates without increasing the
rate of adverse events in patients with LORA [63]. In this study, the presence of lung lesions
and malignancy were independent risk factors for adverse events, while age, methotrexate
use, and bDMARDs use were not extracted as relevant factors; therefore, a treatment
strategy similar to YORA is desirable, with due consideration for safety. The Glucocorticoid
Low-dose in Rheumatoid Arthritis (GLORIA) trial, a recent pragmatic randomized trial,
investigated the efficacy and safety of add-on low-dose prednisolone (5 mg/day) in patients
aged 65 years with established RA [64]. Add-on low-dose prednisolone therapy shows
beneficial long-term effects in older patients with RA, with a trade-off of a 24% increase in
adverse events, which mainly consisted of infection. However, this study did not focus
on newly onset LORA, and long-term glucocorticoid use (>2 years) is associated with
cardiovascular diseases [44], osteoporosis [45], severe infectious adverse events [65], and
sarcopenia [66]; thus, we need to be careful about glucocorticoid use, and it is mentioned
that the glucocorticoid dose should be kept at a minimum and should be discontinued
within 6 months whenever possible in the consensus statement [63].

With regard to geriatric syndromes, the progression of frailty is a strong predictor
for subsequent hospitalization and mortality in patients with LORA, and once it has
progressed, frailty is difficult to reverse even after an improvement in the disease activity
of RA [67]. Comprehensive strategies such as diet, exercise, and vaccination to prevent
frailty are considered as important as RA management [68].

Multimorbidity is also an important aspect in the management of LORA; for instance,
chronic kidney disease and lung disease may limit the use of methotrexate. An observa-
tional study has shown that a group of patients with the highest number of complications
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had a higher mortality rate when categorized by the number of comorbidities [43]. In
addition, a higher number of complications leads to a higher number of drugs adminis-
tered, and polypharmacy, especially the administration of more than 10 drugs, is associated
with difficulties in controlling disease activity in RA and a higher incidence of adverse
events [69]. Uncontrolled RA activity is also known to lead to complications such as infec-
tion, respiratory disease, and renal dysfunction [46,70,71]; thus, the appropriate control
of RA disease activity is also linked to the prevention and management of complications.
Therefore, LORA requires a more multifaceted approach than YORA.
We summarize the clinical characteristics and management of LORA in Figure 2.

Late-Onset Rheumatoid Arthritis (LORA): Characteristics and Management
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Figure 2. Clinical characteristics and management of late-onset rheumatoid arthritis (LORA).
LORA tends to have low seropositivity, acute onset, high inflammation makers, and proximal joint
involvement. LORA poses management challenges beyond RA, such as geriatric syndrome and
multimorbidity, underscoring the need to develop optimal treatment strategies.

3.4. Future Prospectives for LORA

Although the number of patients with LORA is increasing rapidly with the aging
society and is expected to increase further in the future, there are many unresolved issues
relating to LORA. Remarkable advances have been made in the treatment of RA, but
the evidence is mainly based on studies focused on patients with YORA and there is an
urgent need to establish evidence for LORA. In the future, randomized controlled studies
focusing on newly onset LORA and the accumulation of real-world data on LORA are
needed to determine the optimal strategy. We have already initiated a registry study of
LORA [72], which will provide information on the actual treatment situation and problems
in LORA. In addition to clinical data, accompanying basic research, such as single-cell
analysis using synovial specimens or focusing on immunosenescence in patients with RA,
will help determine optimal treatment strategies by elucidating the pathological differences
between LORA and YORA.
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Abstract: Osteoporosis is defined as a condition of increased risk of fracture due to de-
creased bone strength. In developed countries, the number of patients with osteoporosis
and fragility fractures has been increasing in recent years due to the growing elderly
population, posing a social challenge not only to fracture patients and their families but
also to the social healthcare economy. Osteoporosis can be divided into two categories:
primary osteoporosis caused by aging or menopause and secondary osteoporosis caused
by metabolic or inflammatory diseases or drugs such as glucocorticoids. The majority of
patients have primary osteoporosis, and the pathogenesis of postmenopausal osteoporosis
and factors associated with fragility fractures in the elderly have been elucidated. On the
other hand, rheumatoid arthritis (RA) is one of the causes of secondary osteoporosis. RA
is a chronic inflammatory disease characterized by joint swelling and destruction. Most
often, treatment focuses on suppressing these symptoms. However, physicians should be
aware of the risk of osteoporosis in RA patients, because (1) RA is a chronic inflammatory
disease, which itself can be a risk factor for osteoporosis; (2) glucocorticoids, which are
sometimes administered to treat RA, can be a risk factor for osteoporosis; and (3) patients
with RA are becoming older, and aging is an osteoporosis risk factor. A comprehensive
understanding of the pathogenesis of osteoporosis and its fragility fractures requires eluci-
dating the mechanisms underlying osteoclast activation, which drives their development.
Furthermore, identifying the factors associated with fragility fractures is essential. This
review summarizes the pathogenesis of osteoporosis, the factors associated with fragility
fractures, and the associations between RA and osteoporosis development.

Keywords: rheumatoid arthritis (RA); osteoporosis; chronic inflammation; glucocorticoid;
aging

1. Introduction

Osteoporosis is defined as a condition of increased risk of fracture due to decreased
bone strength. Bone mineral density is responsible for about 70% of bone strength and
structural and material bone quality for the remaining 30%. Bone mineral density (BMD)
can be quantitatively measured by dual energy X-Ray absorptiometry (DXA), and diagnos-
tic reference values have been established. On the other hand, the remaining 30% is defined
by structural bone quality, such as bone microstructure, and material quality, such as the
extracellular matrix protein composition. Structural bone quality is measured by micro-CT,
high-resolution peripheral quantitative CT (HR-pQCT), or trabecular bone score (TBS),
while material quality is measured by urinary pentosidine, but no diagnostic criteria to
start drug treatment have been established. Osteoporosis can be classified as either primary
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osteoporosis, which is caused by aging or menopause, or secondary osteoporosis, which is
caused by factors such as metabolic disease, inflammatory diseases such as rheumatoid
arthritis (RA), and some medications. Osteoporosis is one of the typical age-related diseases
whose prevalence increases with aging. In a survey conducted from 2015-2016, the number
of patients with osteoporosis diagnosed by decreased bone mineral density over 40 years
of age was estimated to be 15.9 million in Japan (4.1 million men and 11.8 million women),
and the prevalence of osteoporosis in different age groups shows a clear increase with
increasing age [1]. In addition, the 15.9 million patients with osteoporosis from 2015-2016
is a significant increase from the 12.8 million (3.0 million men and 9.6 million women) from
2005-2007 [2]. The increase in the number of osteoporosis patients is thought to be due to
the increase in the geriatric population [1].

RA has complications [3], among them, osteoporosis, which should not be overlooked
as it is directly related to bone fractures and to the resulting decreases in activity level of
daily living (ADL) and quality of life (QOL). Additionally, there are various risks associated
with osteoporosis, including RA [4]. RA patients can develop various risks of developing
osteoporosis, including elevated levels of inflammatory cytokines in the blood or joints,
glucocorticoid use, and aging. Bone alterations in patients with rheumatoid arthritis (RA)
are basically assessed by bone mineral density loss, existing fragility fractures, and the
Fracture Risk Assessment tool (FRAX) developed by the WHO for patients with primary
osteoporosis [5], but in RA patients, joint erosion and/or destruction/deformation are also
critical indicators for the local activation of osteoclasts.

RA patients have been shown to have a higher risk of fragility fractures than non-RA
patients. A cohort study showed that the incidence rate (IR) per 1000 person years (PY) with
95% confidence intervals (CI) for the first fracture in RA patients was 18.3 (15.7-21.2) and
the incidence rate ratio (IRR) was 1.32 (1.10-1.60) [6]. In addition, RA is listed as a risk for
osteoporosis in FRAX [5], and many reports indicate that RA is a risk for osteoporosis [7,8].
However, despite the fact that RA patients are at high risk of fractures, osteoporosis is
currently not adequately treated [8]. Physicians should always be aware that RA carries
the risk of osteoporosis and fragility fractures.

To understand the pathogenesis of the disease, it is first necessary to understand
how physiological bone metabolism is regulated. These mechanisms and pathways are
essential for the regulation of bone homeostasis, and their disruptions can lead directly to
changes in bone mass. Understanding the regulatory mechanisms of bone homeostasis
has led to the discoveries of the receptor activator of the nuclear factor kappa B ligand
(RANKL) as a therapeutic target for osteoporosis and bone erosion, Sclerostin as a target
for osteogenesis-promoting drugs, and the mechanism underlying postmenopausal os-
teoporosis development [9-11]. Furthermore, the elucidation of the mechanism by which
inflammatory cytokines cause bone erosion suggests the need to regulate inflammatory
cytokines and related cellular activities in order to suppress bone erosion. Knowing the
mechanisms underlying the osteoclast activation that causes osteoporosis development
and fragility fractures and the factors associated with hip fractures in patients who actually
developed hip fractures are mandatory for developing a way to prevent their developments.
In the development of fragility fractures such as hip fracture, various factors play a role in
the loss of bone mineral density and bone strength, including osteoclast activation. How-
ever, there are few reviews that introduce physiological osteoclast differentiation as well as
osteoclast differentiation and activation under inflammatory conditions such as RA in a
unified manner. In addition, there are no reviews that include factors that are characteristic
of patients who actually developed hip fractures. This review aims to discuss the various
factors and mechanisms involved in osteoclast activation, which causes bone loss and joint
erosion, and the factors associated with fractures in patients with fragility fractures.
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This manuscript mainly overviews and focuses on the literature related to the patho-
genesis of osteoporosis and the mechanisms underlying the development of osteoporosis
and joint erosion in RA. To highlight the importance of understanding the pathogenesis
of osteoporosis and joint erosion, clinical articles showing the clinical aspects of RA, os-
teoporosis, and fragility fracture patients or cohort studies, together with the molecular
mechanisms underlying these clinical outcomes, are alternately discussed.

2. Regulation of Bone Homeostasis

Bone homeostasis is mainly regulated by two cell types: osteoclasts, which are re-
sponsible for bone resorption, and osteoblasts, which are responsible for bone formation.
Bone is not a static tissue with no metabolism, but bone homeostasis is continuously and
dynamically regulated by bone resorption by osteoclasts and bone formation by osteoblasts.
When the activities of osteoclasts and osteoblasts are balanced, bone is in a state of dynamic
equilibrium and bone mass is maintained at a constant level. However, with menopause
and aging, osteoclast activity relatively exceeds osteoblast activity, resulting in bone loss
and osteoporosis.

Osteoclasts are terminally differentiated cells of the monocyte—-macrophage lineage
derived from hematopoietic stem cells and are the unique cells in the body responsible
for bone resorption. The discovery of the receptor activator of the nuclear factor kappa
B ligand the (RANKL)-RANK system has rapidly advanced our understanding of the
mechanisms underlying osteoclast differentiation [12-15]. RANKL is a member of the
tumor necrosis factor alpha (TNF«x) superfamily of cytokines [16], and the osteoprotegerin
(OPG)/ osteoclastogenesis inhibitory factor (OCIF), a decoy receptor for RANKL, masks
RANKL under normal conditions and prevents osteoclast differentiation [17,18]. Deno-
sumab, a RANKL-neutralizing antibody, is used as a therapeutic agent for osteoporosis [9],
a giant cell tumor of bone; metastatic bone tumors; and other diseases in which osteoclast
activity is increased, resulting in decreased bone density and bone destruction. In Japan,
denosumab is also used to inhibit joint erosion in RA [19].

After binding to its receptor RANK, RANKL activates various signals in osteoclast pro-
genitor cells to promote osteoclast differentiation. The transcription factor c-Fos is essential
for osteoclast differentiation [20]. c-Fos-deficient mice completely lacked osteoclasts, and
the mice developed osteopetrosis [20]. Downstream from c-Fos, a transcription factor iden-
tified as essential for osteoclast differentiation is a nuclear factor of the activated T cells 1
(NFATc1) [21]. NFATc1 binds to the transcriptional regulatory regions of various osteoclast-
specific molecules such as Cathepsin K and directly regulates their expressions [21]. NFATc1
also drives osteoclast differentiation positively by upregulating NFATc1 expression through
auto-amplification, which induces NFATc1’s own expression [22]. RANKL stimulation
activates calcium signaling through spleen tyrosine kinase (Syk) and Phospholipase gamma
(PLCy) from the immunoreceptor’s tyrosine-based activation-motif (ITAM) signal FcRy
and the DNAX activation protein of 12 kDa (DAP12), resulting in the expression and acti-
vation of NFATc1 [23]. Administration of FK506, an inhibitor of calcineurin also used as a
treatment for RA, has been shown to suppress osteoclast differentiation by the suppression
of NFATc1 but also suppresses osteoblast activity, resulting in decreased bone density [24].

3. Multinucleation of Osteoclasts by a Cell-Cell Fusion

It has long been known that osteoclasts become multinucleated by the cell—cell fusion
of mononuclear osteoclasts. It was formerly believed that the multinucleation of osteoclasts
requires cells to increase in size by fusion in order to form structures such as ruffled
boarders and sealing zones, which are considered essential for osteoclasts to exhibit bone
resorption capacity. Although various molecules have been reported to be involved in the
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cell—cell fusion of osteoclasts, an analysis of dendritic cell-specific transmembrane protein
(DC-STAMP)-deficient mice showed that DC-STAMP is essential for the multinucleation of
osteoclasts by cell—cell fusion of mononuclear osteoclasts [25]. Although osteoclasts from
DC-STAMP-deficient mice were mononuclear, the expression of differentiation markers was
similar to that of multinuclear osteoclasts from wild-type mice, indicating that DC-STAMP
functions specifically for cell-cell fusion rather than differentiation [25]. Subsequently, the
cell—cell fusion of osteoclasts was also demonstrated to be strongly inhibited in mice lacking
v-ATPase V0 subunit d2 (Atp6v0d2), one of the subunits of the proton pump, and CD200-
deficient mice [26,27]. Furthermore, the cell-cell fusion of osteoclasts was demonstrated to
be completely inhibited in osteoclast stimulatory transmembrane protein (OC-STAMP)-
deficient mice without affecting osteoclast differentiation [28]. An analysis of mice in which
the cell—cell fusion of osteoclasts was inhibited has shown that although the cell—cell fusion
of osteoclasts is not essential for resorption, it does increase its efficiency [25,28]. DC-STAMP
and OC-STAMP were also shown to be essential for the cell-cell fusion of foreign-body giant
cells (FBGCs), which are differentiated from the progenitor cells common to osteoclasts
and become multinucleated by the cell—cell fusion of mononuclear FBGCs [25,28]. FBGCs
are formed in artificial joints and other medical devices that are placed in the body. Both
DC-STAMP and OC-STAMP have also been shown to be transcriptional targets of NFATc1
in osteoclasts [28,29].

4. Regulation of Osteoclast Differentiation by Transcriptional
Repressors

As described above, osteoclast differentiation is positively regulated downstream of
RANKL by the transcription factor c-Fos-NFATc1 axis [20,21]. MAF bZIP transcription fac-
tor B (MafB), interferon regulatory factor 8 (Irf8), and B cell lymphoma 6 (Bcl6), all of which
are transcriptional repressors, have also been identified as negative regulators of osteoclast
differentiation [30-32]. As negative regulators of osteoclast differentiation, they play an
inhibitory role in NFATc1, the accelerator of osteoclast differentiation. Mice deficient in
either Irf8 or Bcl6 have been shown to exhibit a constant increase in osteoclast differentia-
tion and activation, which in turn exhibits a decrease in bone mineral density [30,32]. The
RANKL-RANK axis induces the expression and activation of NFATc1, a master transcrip-
tion factor for osteoclast differentiation, via calcium signaling (Figure 1). However, NFATc1
expression and activation alone are not sufficient to promote osteoclast differentiation. Bcl6
is a transcriptional repressor that negatively regulates osteoclast differentiation (Figure 1).
Indeed, the overexpression of Bcl6 inhibits osteoclast differentiation [32]. Meanwhile, B
lymphocyte-induced maturation protein-1 (Blimp1) (also called PR domain containing 1,
Prdm1), a transcriptional repressor downstream of RANKL, directly suppresses Bcl6 expres-
sion, resulting in inducing osteoclast differentiation (Figure 1) [32]. Blimp1 global knockout
mice are embryonic lethal, but in conditional knockout mice lacking osteoclast-specific
Blimp1, increased bone mass was observed due to inhibition of osteoclastogenesis [32,33].
Furthermore, Blimp1 conditional knockout mice, which are systemically deficient in Blimp1
after adulthood, also show an increase in bone mass due to the inhibition of osteoclastoge-
nesis [34]. This suggests that Blimp1 may be a potential therapeutic target for increasing
bone mass by inhibiting osteoclastogenesis [34].
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Figure 1. Regulation of osteoclastogenesis: NFATc1 and Blimp1-Bcl6 axis.

5. Mechanisms Underlying Postmenopausal Osteoporosis

In postmenopausal individuals, estrogen deficiency increases the activity of osteo-
clasts, which are responsible for bone resorption, leading to osteoporosis that is attributable
to decreased bone mass. Moreover, menopause-related decreases in blood estrogen levels
are known to increase levels of bone resorption markers in blood. Osteoclasts are found
only on the bone’s surface in hypoxic regions marked by an extremely low oxygen con-
centration [35]. We have shown that osteoclasts express hypoxia inducible factor 1 alpha
(HIF1x), a transcription factor that regulates responses to hypoxia, and that in the pre-
menopausal estrogen-sufficiency state, HIF1x expression by osteoclasts is suppressed by
estrogen in those hypoxic regions (Figure 2) [11]. The osteoclastic bone resorptive activity
required for physiological bone remodeling is independent of HIF1« (Figure 2). However,
in estrogen-deficient conditions following menopause onset, HIF1 o expression and activity
increases, promoting osteoclastic bone resorption and leading to osteoporosis development
(Figure 2) [11]. In mice genetically engineered to lack HIF1« in osteoclasts, no bone loss
occurs in a postmenopausal osteoporosis model (ovariectomy, OVX) in which both ovaries
are removed [11]. Furthermore, after a screen for HIF1x-inhibiting agents, we identified
a small molecule that efficiently inhibits HIF1x expression in osteoclasts [30]. When we
administered it to OVX mice, bone loss caused by estrogen deficiency was completely
inhibited [11]. We also found that testosterone inhibits HIF1 o expression in osteoclasts [36].
We then found that, in a male osteoporosis model in which bilateral testes were removed
(orchiectomy, ORX), the administration of our HIF1« inhibitor completely blocked bone
loss in ORX mice as well [36]. We also demonstrated that the treatment of mice with
either selective estrogen-receptor modulators (SERMs), such as raloxifene, bazedoxifene, or
tamoxifen, or the activated vitamin D3 analogue eldecalcitol, inhibited HIF1 o expression
in osteoclasts [37-39].
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Figure 2. A mechanism underlying osteoclast activation in an estrogen-deficient condition. During
the premenopausal estrogen sufficiency state, HIF1, a transcriptional factor in osteoclasts, is contin-
uously suppressed by estrogen (1). When estrogen deficiency occurs due to menopause, estrogen
no longer suppresses HIF1«, and HIF1« is activated (2), which in turn the activation of osteoclasts
leading to the development of osteoporosis (3).

6. Bone Remodeling

Bone metabolism can be divided into two major types: bone remodeling, in which
bone formation is activated after resorption, and bone modeling, in which bone is formed
without resorption. Remodeling is seen in areas where osteoclasts are present, such as
trabecular bone, while modeling is seen mainly in membranous ossification. Classically,
the growth factors such as transforming growth factor beta 1 (TGFf) and insulin-like
growth factor 1 (IGF1), which accumulate in the bone matrix, are released and activated by
osteoclast bone resorption, and in turn, stimulate bone remodeling by activating osteoblasts
to stimulate bone formation (refs. [40,41], Figure 3). TGFJ is stored in the bone extracellular
matrix protein in an inactive latent form (ref. [40], Figure 3), and latent-TGFf} is known to
be converted to the active form by acid. During bone resorption, this acid is secreted by os-
teoclasts, and the active form of TGFf(} acts as a remodeling factor that activates osteoblasts
following bone resorption (ref. [40], Figure 3). However, some factors have been reported to
act on the osteoblast side via factors expressed by differentiated osteoclasts (Figure 3) rather
than on bone resorption (Figure 3). The concept of bone remodeling has diversified, as
ephrin B2 expressed on osteoclasts stimulates Eph B4 expressed on osteoblasts to promote
bone formation [42], semaphorin 4D (Sema4D) expressed on osteoclasts conversely inhibits
bone formation [43], and PDGF BB expressed on osteoclasts promotes bone formation
through angiogenesis [44]. The concept of bone remodeling has diversified (Figure 3).
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Figure 3. Regulation of bone remodeling. Bone remodeling is thought to be regulated by the
activation of mesenchymal stem cells and osteoblasts by growth factors such as TGF@1 and IGF1
released from the bone matrix by osteoclastic bone resorption. It has also been reported that ephrin
B2, a membrane-bound ligand expressed by osteoclasts, stimulates Eph B4, a receptor expressed on
osteoblasts. Semaphorin 4D (Sema 4D) secreted by osteoclasts inhibits bone formation, and PDGF BB
secreted by osteoclasts promotes bone formation via angiogenesis.

7. Coupling and Uncoupling of Bone Metabolisms

In primary osteoporosis, a typical bone disease, both osteoclast and osteoblast activities
are elevated, and when osteoclasts are suppressed with bisphosphonates or other bone
resorption inhibitors, bone formation is also suppressed. Bone resorption inhibitors are
currently the most commonly used drugs in the treatment of osteoporosis, as they suppress
bone formation but increase bone mass by inhibiting excessive osteoclast activity. On
the other hand, it has been suggested that the long-term administration of potent bone
resorption inhibitors leads to the suppression of bone turnover, called severely suppressed
bone turnover (SSBT), which may cause osteonecrosis of the jaw and atypical femur
fractures [45-48]. Semaphorin 3a expressed by osteoblasts suppresses osteoclasts while
activating osteoblasts, and it has been shown that both osteoclasts and osteoblasts can
contribute to increased bone mass by creating an uncoupling state where the activities of
the two cells are not synchronized [49]. Cathepsin K, a proteolytic enzyme that is activated
under acidic conditions characteristic of osteoclasts and is used as a marker of osteoclast
differentiation, has been reported to exhibit an uncoupling phenotype in an autosomal
recessive genetic disease called pycnodysostosis and in gene-deficient mice, in which
osteoclast activity increases rather than decreases [50,51]. A Cathepsin K inhibitor was
previously developed as a therapeutic agent for increasing bone mass, although it was
not launched due to an adverse effect. It has also been reported that the signal transducer
and activator of transcription 1 (Statl) acts to inhibit differentiation in both osteoclasts
and osteoblasts, and although both cells are activated by Statl loss, osteoblast activation is
relatively more dominant than osteoclast activation, resulting in increased bone mass [52,
53]. Mutations in the SOST gene encoding the Sclerostin protein result in a disease that
causes increased bone mass [54,55]. Similarly, mice lacking the SOST gene have an increased
bone mass phenotype with elevated bone formation [56]. Treatment with Romosozumab, a
neutralizing antibody against Sclerostin, increases bone mass by uncoupling the transient
activation of osteoblasts with the sustained inhibition of osteoclast activity in osteoporosis
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patients [10]. Romosozumab treatment has been shown to significantly prevent fragility
fractures as a treatment for osteoporosis [57].

8. Treatment Strategy for Osteoporosis

Osteoporosis drugs increase bone mineral density (BMD) and reduce fragility fractures
by intervening in bone metabolism. In women aged 55-81 years, alendronate, which is a
bisphosphonate, significantly reduced the incidence of clinical vertebral fractures (hazard
reduction 55%, p < 0.001) compared with a placebo for 3 years of treatment, and also
significantly reduced hip fractures, which are difficult to prevent (relative hazard 0.49,
p = 0.047). [58]. Denosumab, a neutralizing antibody against RANKL, significantly reduced
the risk of new vertebral fracture (hazard ratio, 0.32; p < 0.001) and hip fracture (hazard
ratio, 0.60; p = 0.04) in osteoporotic women aged 60 to 90 years after 3 years of treatment
with denosumab versus placebo (hazard ratio, 0.60; p = 0.04). [9]. Teriparatide (PTH 1-34)
has been shown to significantly reduce the risk of vertebral fracture versus placebo in
postmenopausal osteoporotic patients treated for an average of 21 months (relative risk
0.35: p < 0.001). [59].

A potential limitation of osteoporosis drugs is that some have a limited duration
of administration and others do not, making it difficult to compare long-term outcomes
for differences in efficacy between these drugs. In postmenopausal women with low
bone mineral density, romosozumab was superior to alendronate, a bisphosphonate, and
teriparatide, an osteogenic agent, at 6 and 12 months after treatment, and BMD has been
shown to increase significantly in the lumbar spine, proximal femur, and femoral neck at 6
and 12 months after treatment with romosozumab. [10]. Abaloparatide and teriparatide,
both of which are bone-forming agents, also significantly reduced the incidences of new
morphometric vertebral fractures in postmenopausal women with osteoporosis in both
groups, as compared to the placebo (Abaloparatide group: relative risk, 0.14 [95% CI, 0.05
to 0.39]; p < 0.001, teriparatide group: relative risk, 0.20 [95% CI, 0.08 to 0.47]; p < 0.001),
but there was no significant difference between the two groups [60].

On the other hand, the fact that the majority of hip fracture patients were not receiving
treatment for osteoporosis at the time of fracture [61] makes it more important to ensure
that drugs reach patients who need treatment than to develop drugs with high efficacy.

9. Joint Erosion and Osteoclasts in RA

In RA, in addition to the chronic inflammation of the joints, the activation of osteoclasts
has been known to occur locally in the joints. In addition, when the types of T cell subsets
were still poorly known, arthritis was thought to be caused by the activity of TH1 cells,
which induce inflammation. However, because TH1 cells produce interferon gamma
(IFNY), a strong osteoclast suppressor, the activation of osteoclasts in a TH1-activated
environment is inconsistent. TH17 cells, which produced IL-17 but not IFNYy, have been
identified, and IL-17-deficient mice have been shown to exhibit improved pathogenesis
of arthritis [62,63]. The TH17 cell is now considered to be an essential component in the
pathogenesis of arthritis. Nowadays, single RNA sequencing or genome-wide studies
using RA patient samples are being used to further elucidate the pathogenesis of the
disease [64,65].

Osteoclasts play a major role in joint erosion and destruction in RA patients. This
evidence has been shown in several osteoclast-deficient mouse models of arthritis. It
has been reported that joint destruction in the human TNF« transgenic (hTNF Tg) was
reportedly abolished by crossing it with c-Fos-deficient mice, in which osteoclasts were
completely absent [66]. However, joint inflammation in the hTNF Tg/c-Fos-deficient mice
was also observed in hTNF Tg mice, suggesting a distinction between arthritis and joint
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destruction [66]. In addition, an adjuvant-induced arthritis model in rats has shown that
osteoprotegerin (OPG) administration can inhibit bone and cartilage destruction but not
arthritis [67]. These findings indicate that joint destruction is caused by osteoclasts and that
joint destruction can be prevented if osteoclasts can be suppressed even if inflammation
remains severe. In RA patients, the administration of denosumab, a RANKL-neutralizing
antibody, has been shown to significantly inhibit joint erosion by inhibiting osteoclast
activity but not the joint-space narrowing caused by arthritis.

10. Chronic Inflammation in Rheumatoid Arthritis and Osteoporosis

In patients with RA, blood or local concentrations of inflammatory cytokines such as
TNFq, IL-1, and IL-6 are generally elevated, particularly in older patients, causing joint
swelling and destruction [68] via osteoclast activation. These factors are expressed by
synovial fibroblasts and inflammatory cells infiltrating the joint synovium at the site of
inflammation, and their concentration increases at the joint site, increasing osteoclast activ-
ity at that site and promoting pannus formation, joint destruction, and joint deformation
(Figure 4) [69]. Together or alone, TNF, IL-1 or IL-6 stimulate the expression of inflamma-
tory cytokines, such as other IL-6 family proteins in synovial fibroblasts, thus promoting
inflammatory cytokine expression in a positive feedback manner (Figures 4-1 and 5) [69].
This activity further promotes the expression of RANKL, which is essential for osteoclast dif-
ferentiation, induction, and activation, to induce osteoclastogenesis (Figures 4-1 and 5) [69].
TNF« reportedly induces osteoclast activity directly (Figure 4-2) [70]. RANKL is a mem-
ber of the TNFa superfamily, and some evidence suggests that intracellular signaling via
RANKL or TNFa is similar. The TNF receptor-associated factor 6 (TRAF6) was demon-
strated to be required for RANKL-induced osteoclastogenesis [71,72]. On the other hand,
RANKL is required for osteoclast differentiation, while TNF« reportedly promotes the
activation of osteoclast progenitor cells [73]. IL-1 is known to act directly on osteoclasts or
osteoclast progenitors (Figure 4-2) [74], causing osteoclast activation and the prolonged
survival of osteoclasts. Furthermore, TNF, IL-1, and IL-6 induce RANKL expression by
acting on osteoblasts (Figure 4) [69], thereby contributing to osteoclast induction. IL-6 also
reportedly contributes to RANKL expression in T cells and osteoclast induction in synovial
cells in joints (Figure 4-3) [75]. It is also possible that inflammatory cytokines expressed
in joint tissues may increase IL-6 levels in the blood, resulting in a systemic increase in
osteoclast activity. TNF«, IL-1, and IL-6 also activate signal transducer and activator of
transcription factor 3 (STAT3), either directly (via IL-6) or indirectly (via TNFo and IL-1),
and activated STAT3 promotes the expression of the IL-6 family cytokines and RANKL in
fibroblasts (Figure 5) [69]. IL-6 family cytokines induced by activated STAT3 are known
to enhance the expression of IL-6 family cytokines and RANKL, furthering inflammation
and joint destruction (Figure 5) [69]. The induced IL-6 family cytokines further activate
STATS3 to continuously induce IL-6 family cytokines and RANKL (Figure 5). We found that
positive feedback loops of proinflammatory cytokines are not triggered by proinflammatory
cytokines in Stat3-deficient cells, indicating that Stat3 induces the triggering of positive
feedback loops of proinflammatory cytokines [69]. In Stat3-deficient cells, the induction of
RANKL expression by inflammatory cytokines was also inhibited [69]. Furthermore, the
conditional deletion of Stat3 at an adult stage was demonstrated to significantly inhibit
arthritis development in RA mouse models [76]. RA susceptibility is also a risk factor
for osteoporosis and fragility fractures, as RA is listed as a risk for osteoporosis in the
Fracture Risk Assessment tool (FRAX) used to assess the risk of fragility fractures due
to osteoporosis.
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Figure 4. Inflammatory cytokine network for joint erosion and systemic bone loss in RA. T cells
activated by antigen presentation, such as citrullinated proteins, secrete inflammatory cytokines such
as TNFa, IL-6, and IL-1 (1). All of these inflammatory cytokines act on synovial fibroblasts to activate
the expression of inflammatory cytokines such as the IL-6 family. These inflammatory cytokines also
induce osteoclast differentiation by inducing RANKL expression in synovial fibroblasts (1). TNFo
directly activates osteoclast differentiation, while IL-1 prolongs osteoclast survival (2). IL-6 also
activates T cells and induces osteoclast differentiation by inducing RANKL expression (3).
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Figure 5. A positive feedback loop of inflammatory cytokine and RANKL expression. IL-6 directly
activates and TNF« and IL-1 indirectly activate the transcription factor STAT3. The activated STAT3
induces the expression of inflammatory cytokines such as the IL-6 family, forming a positive feedback
loop in which inflammatory cytokines are induced by inflammatory cytokines. The IL-6 family
induced by the STAT3 activation further activates STAT3, thereby continuing this loop. The acti-
vated STAT3 also induces RANKL expression and activates osteoclast differentiation. This RANKL
expression is also continued in a positive feedback loop by inflammatory cytokines.

By contrast, elevated levels of inflammatory cytokines contribute to bone loss not
only by activating osteoclasts but by suppressing bone formation by inhibiting osteoblast
activity [77]. Some reports state that in RA patients, joint erosion can be rescued by blocking
inflammation with biologics [78]. In RA patients, the induction of factors that suppress the
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Wnt-f3 catenin signaling that promotes bone formation is also thought to contribute to bone
loss [79,80].

11. Either Methotrexate (MTX) or CTLA4-Ig Directly Inhibit
Osteoclast Differentiation

Methotrexate (MTX) is the anchor drug for RA therapy and is the first-line agent for
patients with RA who are eligible for MTX. MTX was originally developed as an anticancer
drug and was probably first administered to RA patients to suppress proliferating synovial
cells. In fact, however, it has been shown to cause marked improvement of joint swelling
and joint tenderness in RA patients [81]. We found that MTX significantly inhibited
osteoclast differentiation in osteoclast cultures in vitro, and that MTX significantly inhibited
calcium signaling and NFATC1 expression in the osteoclast progenitor cells induced by
RANKL [82]. NFAT is also essential for T cell activation, and stimulation from the T cell
receptor (TCR) activates NFAT. MTX is considered to exert its osteoclast-differentiation
inhibitory and immunosuppressive effects by suppressing NFAT in osteoclasts and T
cells, respectively.

Similarly, we demonstrated that CTLA4-Ig, which suppresses co-stimulatory signaling,
also significantly inhibited osteoclast differentiation in vitro [83]. We showed that CTLA4-
Ig significantly inhibited calcium signaling and NFATC1 expression in osteoclast progenitor
cells induced by RANKL via FcRy, an ITAM signaling molecule [83]. Thus, CTLA4-Ig also
directly inhibits both osteoclasts and T cells, and it may exert joint-erosion inhibitory and
immunosuppressive activity.

12. Glucocorticoid-Induced Osteoporosis

Although glucocorticoid treatment has long been essential in treating RA, particularly
in patients who cannot tolerate MTX [84], it also could induce secondary osteoporosis [85].
Glucocorticoid administration induces bone loss by transiently activating osteoclasts early
in the course of treatment, which thereby inhibits bone formation in mid- to long-term
treatment stages. Glucocorticoid administration also reportedly increases the risk of frac-
tures at various sites throughout the body [86,87], an effect more pronounced in women
than in men [86]. Patients with RA who are treated with glucocorticoids reportedly have a
higher risk of fracture than those not treated with glucocorticoids [88]. On the other hand,
fracture risk gradually decreases when glucocorticoid administration is discontinued, often
disappearing about a year later [86]. Fracture risk with glucocorticoid administration is
also dose-dependent, with prednisolone doses equivalent to 7.5 mg/day or higher greatly
increasing fracture risk [86]. Increased age and the presence of preexisting fractures also
increase fracture risk with glucocorticoid administration [88]. On the other hand, high
lumbar bone density and treatment with bisphosphonates can reduce fracture risk [85].
In various countries, approaches have been proposed to assess risk based on age, bone
density, existing fractures, and glucocorticoid dosage and to recommend medication for
fracture prevention.

13. Aging of RA Patients and Risk of Osteoporosis

Interestingly, the age of RA onset has increased in recent years, although the causes
are not well understood [89]. Potentially relevant to this observation is the fact that RA
treatment advances have improved the prognosis of RA patients. Although not limited to
RA patients, it is well known that aging is a risk factor for osteoporosis in general, and its
prevalence increases with age [2]. Osteoporosis is a risk for fragility fractures; therefore,
the occurrence of fragility fractures should be noted in RA patients. Osteoporosis is also
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associated with sarcopenia [90-92]; thus, one should be aware of events such as falls that
are related to the development of fragility fractures.

Among fragility fractures caused by osteoporosis, hip fractures are the most serious.
According to a survey of conducted by Kumamoto University Hospital, the average age
of hip fracture patients is approximately 85 years [61]. In addition, most of the patients
enrolled in the hip fracture study had hip fractures due to falls. In our study, decreased
grip strength, a diagnostic criterion for sarcopenia, was also identified as a factor signifi-
cantly associated with hip fracture (Tables 1 and 2) [61]. Thus, in the condition known as
rheumatoid sarcopenia [93], attention should be paid to the occurrence of fragility fractures
such as hip fractures due to falls.

Table 1. Scores for the categories of each risk factor including items that need to be measured in

the hospital.
Features Features Importance Score ?
Serum 250HD (ng/mL)
10> 0
10< 0.659 7
Femoral neck T-score
>-3.0 0
<=3.0 0.459 5

Total Barthel index score
100 0
<100 0.349 3

Maximal handgrip strength (kg)
18> 0
18< 0.334 3

Locomotive syndrome
<24 0
>24 0.218 2

History of falls within 1 year

<2 0

>3 0.209 2
sIGF-1

>50 0

<50 0.189 2
Tea (cups/day)

<4 0

=5 —0.189 —2b

Osteoporosis drugs

No 0

Yes —0.179 —1°b
Body mass index

>18.5 0

<18.5 0.070 1

2 Calculated 10 times for each parameter estimate and decimals rounded off. ® The scores of the protective factors
(tea and osteoporosis drug) were expressed by negative numbers.
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Table 2. Scores for the categories of each risk factor not including items that need to be measured in
the hospital.

Features Features Importance Score 2

Total Barthel index score
100 0
<100 0.505 5

Locomotive syndrome
<24
>24 0.433 4

History of falls within 1 year

<2 0

>3 0.243 2
Tea (cups/day)

<4 0

=5 —0.231 —2b

Cognitive impairment

None 0

Yes 0.161 2
Osteoporosis drugs

No 0

Yes —0.133 —1°b
Use of walking aid

Yes 0

No 0.094 1
Walking habit

No 0

Yes 0.053 1

2 Calculated 8 times for each parameter estimate and decimals rounded off. ® The scores of protective factors (tea
and osteoporosis drug) were expressed by negative numbers.

14. Conclusive Remarks

The main focus of the present article is to introduce the mechanisms of osteoporosis
development and bone erosion rather than to offer a systematic review or statement. There-
fore, rather than presenting an introduction to the literature with an aligned methodology
and population, as in a systematic review, the papers were selected to highlight why an
understanding of the mechanism is necessary. Thus, there is the possibility of concerns
about the limitations of this manuscript, including the potential risk of bias in the included
studies, gaps in the evidence base due to the lack of condition-based selection from an
extensive article search, and differences in methodology and population among the cited
papers. In any case, this paper provides a comprehensive overview of the pathogenesis and
regulation of osteoporosis, fragility fractures, and bone erosion in rheumatoid arthritis from
various perspectives. RA and osteoporosis are closely related, and RA treatment requires
constant vigilance to monitor patients for the development of osteoporosis. While both
patients and physicians are very aware of joint pain, erosion, destruction, and deformity,
they tend to be less aware of osteoporosis, which has fewer symptoms. In this article, we
have introduced three key osteoporosis risk factors in the context of RA: inflammatory
disease, glucocorticoid administration, and advanced age. In particular, elderly patients
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with RA often experience all three factors and require special attention. In any case, bone
mineral density examination, checking for preexisting fractures, or utilizing FRAX are
actionable strategies for assessing osteoporosis development in RA patients and should
be performed as part of routine care. Basic science is an extremely useful tool for elu-
cidating the molecular mechanisms underlying the regulation of bone homeostasis and
the pathogenesis of bone erosion in RA patients, allowing us to do things that cannot
be performed in patients, such as creating knockout mice that target specific molecules
and then extrapolating the results to a clinical setting. In fact, basic science, including
understanding molecular mechanisms, has led to the development of therapeutic agents
such as denosumab. In RA and in osteoporosis, sarcopenia is of particular importance, and
patients with RA who develop osteoporosis should be treated to prevent fall fractures due
to rheumatoid sarcopenia. If patients are scheduled to receive oral glucocorticoid treatment
for at least 3 months, they could be prescribed anti-osteoporosis drugs prophylactically
if they will receive at least 7.5 mg/day of prednisolone, have an existing fracture, or are
65 or older. Overall, in this era, awareness of RA is required to protect patients from
bone fractures.

15. Future Direction of Osteoporosis and Bone Erosion Management

The number of patients with osteoporosis is expected to continue to increase with
the growth of the elderly population, and the number of patients with fragility fractures
such as hip fractures is also expected to increase. More detailed bone evaluation may
be possible currently or in the near future. HR-pQCT is useful in the evaluation of bone
microstructure and is able to show in detail the differences in bone responses to different
osteoporosis drugs in postmenopausal osteoporosis patients [94]. In RA patients, HR-pQCT
can be a useful tool in the evaluation of bone erosion because it can target the small joints
and metacarpals of the fingers [95,96]. However, there is currently a limit to the size of
bone that can be analyzed with HR-pQCT, and the femur and lumbar spine cannot be
analyzed. Evaluation of regional volumetric BMD and biomechanical parameters using
the Quantitative Computed Tomography (QCT)-based Finite Element Method (FEM) has
also been proposed [97]. In addition, although ultrasonography has been thought to be
unsuitable for bone mass assessment, BMD assessment of the lumbar spine and femur
using ultrasonography has been proposed, and consistency with BMD measured by DXA
has been demonstrated [98]. In the future, it is expected to be a modality without X-Ray
exposure, such as DXA, HR-pQCT, and QCT-based FEM. Neither modality is yet at a stage
where it can be used for a large number of patients in terms of widespread use.

With the widespread use of detailed bone erosion assessment like HR-pQCT, it may
become clinically feasible to quantify the volume of bone erosion and its changes during
the treatment. The incorporation of AI methods such as machine learning may make it
possible to automate the assessment of Sharp scores and joint space narrowing and their
changes in a timely manner and reduce the time required for these measurements in the
future. Accumulation of data from longitudinal studies and the long-term follow-up of
changes in joint statuses in RA patients would also be useful in future studies to evaluate
in detail the effect of drugs in preventing joint destruction. In addition, basic science is
still considered necessary. If the etiology rather than the pathogenesis of RA is clarified,
the subgrouping of RA patients and more fundamental treatment may become possible in
the future.

Because osteoporosis is associated with sarcopenia and fragility fractures [90,92], it
is necessary to provide total care for these conditions in the elderly. A total of 93% of hip
fracture patients were not receiving treatment for osteoporosis at the time of fracture [61].
If individuals have RA or other diseases that cause osteoporosis, they should receive
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examination and treatment for osteoporosis in conjunction with treatment for the particular
diseases. In addition, the average age of hip fracture patients is approximately 85 years
old [61], and thus, it is necessary to anticipate and prevent future osteoporosis and fragility
fractures earlier rather than taking action at age 85. Toward this end, it will be necessary to
improve the accuracy of prediction tools for future osteoporosis and fragility fractures [91].
A longitudinal study will recommend whether intervening before fracture can prevent
fracture by identifying older adults who are at high risk.
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Abstract: Rheumatoid factor (RF) is the first autoantibody identified in rheumatoid arthritis
(RA) which targets the fragment crystallizable (Fc) region of immunoglobulin (Ig) G.
Although IgM isotype is predominant, other Ig isotypes, including IgG and IgA, also exist.
While RF is not specific to RA, it remains a valuable serological test for diagnosing the
disease, as evidenced by its inclusion in the 2010 classification criteria for RA based on
elevated serum RF levels. RF is also associated with RA severity, including joint damage
and extra-articular manifestations, serving as a poor prognostic factor and aiding in the
identification of difficult-to-treat RA. Recent studies have demonstrated that high serum
RF levels are associated with a reduced response to tumor necrosis factor (TNF) inhibitors.
In contrast, anti-TNF antibodies lacking the Fc portion have shown stable efficacy in RA
patients regardless of baseline RF levels. These findings reaffirm the clinical significance of
RF measurement, 80 years after its initial discovery. This review explores the diagnostic
and prognostic significance of RF and its impact on treatment selection in RA management.

Keywords: anti-citrullinated protein antibodies; rheumatoid arthritis; rheumatoid factor;
tumor necrosis factor

1. Introduction

Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by chronic,
progressive inflammation of synovial joints, often leading to irreversible structural damage
to bone and cartilage [1]. This debilitating condition significantly impacts patients” quality
of life and imposes a considerable economic burden on healthcare systems worldwide.
Despite extensive research, the precise etiology of RA remains elusive. Several hypothe-
ses, including genetic predisposition, environmental triggers, and dysregulated immune
responses, have been proposed (Figure 1); however, none provide a comprehensive expla-
nation for the disease’s onset. Notably, evidence of arthritis-like changes has been identified
in skeletal remains from prehistoric times, suggesting that RA is not a modern ailment but
rather a condition that has coexisted with humanity for millennia [2].

Epidemiologically, RA affects approximately 0.46% of the global population, as indi-
cated by a recent meta-analysis (95% confidence interval 0.39-0.54) [3]. This prevalence
underscores the necessity for rheumatologists and general physicians alike to possess a
robust understanding of the disease. Given its chronic and systemic nature, early and
accurate diagnosis of RA is critical to initiating timely interventions that can mitigate
disease progression and improve outcomes.

. Clin. Med. 2025, 14, 1529 https://doi.org/10.3390/jcm14051529
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Figure 1. RF implicated in the pathogenesis of RA. The onset of rheumatoid arthritis (RA) is driven
by a complex interplay of genetic and environmental factors. These factors lead to the generation
of exogenous and endogenous antigens, which are subsequently presented by antigen-presenting
cells (primarily dendritic cells) to CD4+ T cells. Upon activation, CD4+ T cells differentiate into
self-antigen-specific subsets, including follicular helper T cells (Tth) and peripheral helper T cells
(Tph). These specialized CD4+ T cells facilitate B cell maturation and promote their differentiation
into memory B cells and long-lived plasma cells. Plasma cells in inflamed synovial tissue produce
significant quantities of rheumatoid factors (RF), predominantly Immunoglobulin M (IgM) type, and
anti-citrullinated protein antibodies (ACPA). These autoantibodies form immune complexes with
self-IgG in the synovium of RA patients. These immune complexes amplify complement activation,
cytokine production by macrophages, and exacerbate joint damage by promoting osteoclast activation.
Abbreviations: DC, dendritic cell; PC, plasma cells; M, macrophage; OC, osteoclast; MHC, Major
Histocompatibility Complex; TCR, T-cell receptor; BCR, B-cell receptor.

The diagnosis of RA is guided by several established classification criteria, among
which the American College of Rheumatology /European League Against Rheumatism
(ACR/EULAR) 2010 criteria are most widely used in clinical practice [4]. These criteria
integrate clinical, serological, and imaging parameters to enhance diagnostic accuracy.
In recent years, beyond these classification frameworks, there has been an increasing
emphasis on early diagnosis and the incorporation of advanced imaging modalities, such
as ultrasound and magnetic resonance imaging (MRI), which are pivotal in detecting
subclinical synovitis [5,6].

Among the serological markers, rheumatoid factor (RF) and anti-citrullinated protein
antibodies (ACPA) hold particular prominence. REF, a classical autoantibody discovered
over eight decades ago, has been a cornerstone of RA diagnostics and research. Although
its utility has been debated due to its presence in other autoimmune and inflammatory
conditions, recent advancements have shed new light on its role, mechanisms, and potential
implications in the pathophysiology and treatment of RA.

The evolving understanding of RF extends beyond its traditional use as a diagnostic
tool. Emerging evidence suggests that RF plays a contributory role in disease mechanisms,
including the formation of immune complexes and activation of complement pathways,
which exacerbate joint damage. Furthermore, the prognostic value of RF in predicting
disease severity and therapeutic response has gained increasing attention.

This review aims to provide a comprehensive exploration of the current evidence
surrounding RF, with a focus on its clinical and biological significance in RA. We will
discuss its historical context, diagnostic and prognostic performance, and therapeutic
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implications. By synthesizing recent advancements, we hope to elucidate the multifaceted
roles of RF in RA and highlight potential directions for future research in this field.

2. Diagnostic Performance of RF
2.1. Detection Methods and Isotypes of RF

RF encompasses autoantibodies that recognize the fragment crystallizable region of
immunoglobulin G (IgG) and were the first biomarkers identified in RA [7]. The discovery
of RF dates back to 1940 when Waaler described a hemagglutinating factor in the serum of
patients with RA [8]. Subsequently, in 1949, Pike coined the term “rheumatoid factor” to
reflect its association with RA [9]. Since then, RF has remained a cornerstone in the study
of autoimmune diseases, with its detection methods and clinical implications evolving
significantly over the decades.

Various techniques have been developed for the measurement of RF, ranging from
classical nephelometry and turbidimetry assays to more advanced methodologies. The
former are isotype-nonspecific assays (Figure 2A) [10], while the advent of enzyme-linked
immunosorbent assays (ELISA), fluorescence enzyme immunoassays (FEIA), chemilumi-
nescence immunoassays (CLIA), and chemiluminescence microparticle immunoassays
(CMIA) has allowed for isotype-specific RF detection, significantly advancing our under-
standing of its clinical relevance (Figure 2B) [11].

A. Nephelometry Is. Enzyme-linked Immunosorbent Assay (ELISA)
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Figure 2. Methods for RF detection. (A) Nephelometry is based on the RF-induced aggregation of
IgG-coupled particles. A laser beam is directed at the aggregates, and the intensity of the scattered
light is quantified. The titer (IU/mL) is calculated from a standard curve, using serum aligned with
the WHO'’s reference standard. The specific contribution of the various RF isotypes to the aggregation
observed by nephelometry remains undetermined. (B) In the enzyme-linked immunosorbent assay
(ELISA), the Fc portion of purified human IgG is immobilized on polystyrene microtiter plates and
reacted with test serum. RF bound to the antigen is detected using an enzyme-conjugated secondary
antibody specific to the immunoglobulin class, followed by the addition of an enzyme substrate.

The first World Health Organization (WHO) RF standard serum was established by
pooling RA sera collected in 1963. In 1964, this pooled serum was divided into three batches,
with the first batch designated as the international standard serum, W1066 [12]. The sec-
ond batch was used to develop the first British standard serum, known as 64/002 [13].
Given their shared origin, W1066 and 64/002 are interchangeable as reference materials
for RF measurement. The collaborative study involved 11 laboratories across 7 countries,
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all of which were required to utilize the sheep cell agglutination assay. Presently, most
commercially available RF tests are standardized to W1066, with results expressed in inter-
national units (IU)/mL. However, at the time of the WHO standard W1066’s publication
in 1970 [14], isotype-specific assays had not yet been implemented. Results for IgA-RF
and IgM-RF exhibit significant variability among commercially available assays, rendering
them non-interchangeable for clinical and research applications [15,16].

Four subclasses of RF are detected by ELISA: IgM, IgG, IgA, and IgE [17], although
IgE-RF measurements are rarely performed in recent years. Each isotype exhibits distinct as-
sociations with disease phenotypes and outcomes. IgG-RF and IgE-RF are particularly note-
worthy for their links to vasculitic manifestations [18,19]. Additionally, IgE-RF levels are
low in approximately half of patients with rheumatoid arthritis, whereas elevated concen-
trations are observed in individuals with rheumatoid vasculitis and Felty syndrome [19,20].
Conversely, patients positive for IgA-RF or IgM-RF often present with higher disease activ-
ity and greater radiological damage compared to seronegative patients [21-25]. Moreover,
IgA-RF has been significantly associated with pulmonary lesions, while IgM-RF correlates
strongly with the presence of rheumatoid nodules [26].

2.2. Sensitivity and Specificity of RF

The sensitivity and specificity of RF in diagnosing RA vary depending on disease
stage, RF isotype, and detection method. The sensitivity of IgM-RF for RA is estimated to
range from 41% to 66% in early RA and increases to 62% to 87% in established RA [27,28].
These figures underscore the dynamic nature of RF’s diagnostic utility across the disease
continuum. Moreover, the diagnostic performance of individual RF isotypes has been the
focus of numerous studies, reflecting the complexity and heterogeneity of RF expression in
RA patients.

A comprehensive systematic review and meta-analysis, involving 36 peer-reviewed
studies and 7517 patients, provided insights into the sensitivity and specificity of various
RF detection methods. Among the methods assessed, nephelometry and latex agglutination
achieved the highest overall sensitivity (68.6%) across all isotypes. In contrast, isotype-
specific assays such as ELISA and FEIA highlighted notable differences in sensitivity:
IgM-RF exhibited the highest sensitivity (63.4%), followed by IgA-RF (49.1%) and IgG-RF
(39.9%) [29]. Regarding specificity, IgA-RF demonstrated the highest specificity (91.4%),
followed by IgM-RF (90%) and IgG-RF (78.9%). These results affirm IgM-RF as a robust
marker for RA, with a diagnostic odds ratio of 21.7, compared to 16.0 for IgA-RF and 14.2 for
IgG-RF, underscoring its clinical utility in identifying RA cases [29]. Furthermore, the
presence of multiple RF isotypes enhances the likelihood of RA, highlighting the potential
benefit of combined isotype detection in diagnostic and prognostic assessments [15,30].

Despite its diagnostic value, RF has limitations that complicate its interpretation. RF
is positive in 5-25% of healthy individuals, and its prevalence increases with age, exceed-
ing 25% in individuals older than 85 years [31]. Moreover, RF positivity has been reported
to be more common among women and older individuals than men in the general pop-
ulation of the United States [32]. Additionally, in certain North American Indian tribes,
the prevalence of RF positivity among healthy individuals reaches approximately 30%,
highlighting population-specific variations in its distribution [33]. Even in studies focusing
exclusively on patients with RA, RF positivity rates in the United States demonstrate racial
and ethnic disparities, with lower prevalence reported in white individuals compared to
Black, Hispanic, and Asian populations [34]. A more recent meta-analysis further revealed
that among white individuals, men were significantly more likely to be seropositive than
women. However, no significant association between sex and RF seropositivity was ob-
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served in Hispanic or Asian populations [35]. These findings suggest that proposing age-
and sex-adjusted cutoff values for RF may hold clinical significance.

Additionally, RF is detected in various non-RA conditions, including other autoim-
mune diseases (e.g., Sjogren’s syndrome and systemic lupus erythematosus), bacterial infec-
tions (e.g., infective endocarditis), viral infections (e.g., hepatitis C virus and Epstein—-Barr
virus), and cryoglobulinemia [28,36]. Environmental factors such as smoking have also
been linked to RF production, independent of genetic predispositions like shared epitope
alleles [37]. These findings highlight the importance of careful interpretation of RF results
in clinical practice.

2.3. Distinct Binding Epitopes of RF in Healthy State and Autoimmunity

The mechanisms underlying RF production remain incompletely understood and
appear to vary across conditions. RF can be produced during immunizations and secondary
immune responses to infections, aiding in pathogen clearance [38—40]. In primary Sjogren’s
syndrome, RFs are linked to salivary gland mucosa-associated lymphoid tissue-type
lymphomas, exhibiting high affinity and monoreactive binding to the IgG-Fc portion [41].
RFs may contribute to the activation and proliferation of B cells in chronic inflammatory
sites via IgG immune complexes, increasing the risk of lymphoma development [41].
According to Wang et al., serum RFs in patients with primary Sjogren’s syndrome exhibit
clonal restriction and predominantly comprise a shared set of immunoglobulin M heavy
chain variable region (IgVH) subfamilies, including 1-69, 3-15, 3-7, and 3-74. Furthermore,
certain RF clonotypes have been detected in serum several years before the onset of mixed
cryoglobulinemia (MC), and their levels decline following immunosuppressive therapy
and MC remission, suggesting their potential role as early biomarkers and indicators of
therapeutic response [41]. Recent studies have revealed significant differences in the RF
repertoire between RA and other conditions. For instance, RF binding epitopes in healthy
individuals and primary Sjogren’s syndrome differ markedly from those in RA, suggesting
distinct functional roles [42]. This distinction emphasizes the need for refined diagnostic
assays that can differentiate between pathogenic and non-pathogenic RE.

Recent advancements in next-generation RF assays offer promising avenues for im-
proving diagnostic accuracy [43]. These assays, which target RA-specific epitopes, have
demonstrated potential in combination with ACPA to identify individuals at high risk
of progressing to RA. Such tools hold promise for early diagnosis and intervention, par-
ticularly in preclinical or at-risk populations. Further studies are needed to validate
these findings.

2.4. Comparison Between RF and ACPA

ACPA represent a more recently identified serological marker compared to RF and
specifically target citrulline residues of filaggrin present in epithelial cells [44]. ACPA
has been recognized for its early detection in the disease process, turning positive before
IgM-RF during the preclinical phase of RA [44,45]. Extensive research has highlighted
the critical role of ACPA in RA pathogenesis and its superior diagnostic performance.
ACPA exhibits higher sensitivity and specificity than RF, particularly in the early stages of
RA [46]. Furthermore, studies have demonstrated that double positivity for both RF and
ACPA provides greater specificity than single-marker positivity, reinforcing the importance
of simultaneous measurement of these antibodies for accurate diagnosis and disease
classification [47].

Recent studies have identified glycosylation in the Fab region of ACPA as a distinctive
feature associated with RA, suggesting its potential influence on autoantigen binding
and the selection and activation threshold of B cells [48]. Beyond their role in disease
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progression, ACPAs have also exhibited therapeutic potential. Emerging evidence suggests
that certain monoclonal ACPAs can attenuate arthritis and inflammation in murine models,
underscoring their complex immunomodulatory properties [49]. Further research is needed
to elucidate the precise mechanisms of ACPAs in RA pathogenesis and to explore their
potential applications in targeted therapeutic strategies.

3. Prognostic Performance of RF
3.1. Disease Activity and Joint Destruction

Beyond its diagnostic utility, RF holds significant prognostic value in RA, offering
insights into disease progression, severity, and treatment response. Studies consistently
demonstrate that RE-positive patients at diagnosis are more likely to experience aggressive
disease phenotypes characterized by greater joint damage, elevated inflammatory markers,
and increased extra-articular manifestations compared to RE-negative individuals [50-55].
Notably, patients with high RF titers exhibit a faster progression to joint destruction, ne-
cessitating early and aggressive disease control [52,56-58]. These observations, supported
by multiple studies, highlight RF’s prognostic role in disease stratification and treatment
planning [47,55,59].

It has recently been reported that the inflammation-inducing ability of RF is maximized
in the presence of ACPA; IgM-RF forms a pentamer, which recognizes the Fc portion of
ACPA and forms an immune complex, which stimulates macrophages and others to
produce IL-6, TNF«, IL-1§3 etc. [60]. The combination of RF positivity with ACPA has been
linked to higher rates of radiographic progression and poorer functional outcomes [61-65].

RF isotypes may further enhance its prognostic significance. Most of previous studies
showed that among RF-positive patients, IgA-RF and IgM-RF are associated with severe
disease courses [21-25]. However, recent meta-analysis demonstrated that the prognostic
role of RF isotypes is not uniformly definitive, with inconsistent findings reported across
studies [29]. While IgM-RF demonstrated modest associations with disease activity in
60% of cases, and IgA-RF showed predictive value for radiographic progression in approxi-
mately 50% of cases, results varied significantly due to differences in study designs and
outcome definitions [29].

Conversely, a study has reported that the mean disease activity and quality of life in
seronegative RA patients are comparable to those of seropositive RA patients, with similar
proportions achieving disease remission [66]. Furthermore, certain findings suggest that
seronegative RA patients may exhibit greater inflammatory activity than their seropositive
counterparts, as assessed by ultrasound and radiography [67,68]. These observations
challenge the conventional perception that seronegative RA represents a milder disease
phenotype, leaving the debate regarding its relative severity unresolved.

3.2. Disease Progression

RF holds significant potential in predicting the onset of RA. RF levels are known to
gradually increase over several years, up to 10 years, prior to the onset or diagnosis of
RA [45]. Early studies have demonstrated that approximately 17% of IgM-RF-positive
individuals presenting with joint pain eventually develop RA during the disease course [69].
More recently, a prospective cohort study conducted in Denmark reported that healthy
individuals with elevated RF levels (>100 IU/mL) faced up to a 26-fold increased risk
of developing RA, with a 10-year absolute risk as high as 32%. Even individuals with
low-titer RF (25-50 IU/mL and 50.1-100 IU/mL) were found to have a 3.6-fold and 6.0-fold
higher risk, respectively, of progressing to RA [70]. Notably, the sequential elevation of RF
isotypes—beginning with IgM-RF, followed by IgA-RF and IgG-RF—suggests a temporal
progression in isotype expression prior to the emergence of clinical manifestations [45,71,72].
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These observations underscore the importance of longitudinal RF isotype monitoring as a
tool for identifying individuals at risk of developing RA. Such monitoring could enable
the implementation of early intervention strategies. Early detection not only improves
diagnostic precision but also facilitates timely therapeutic interventions during the critical
“window of opportunity”, thereby potentially altering the disease trajectory [57,73-77].

3.3. Extra-Articular Manifestations

RA sometimes exhibit extra-articular manifestations [78-80], which are notably more
prevalent in seropositive patients and those with a prolonged disease duration [81]. Among
them, cardiovascular and pulmonary diseases represent the leading causes of mortality among
RA patients [82]. RF assessment is essential to understand these systemic complications.

Previous studies have consistently shown that patients with RA face a significantly
increased risk of coronary artery disease, congestive heart failure, and sudden cardiac
death compared to the general population [24,83-88]. Additionally, Federico et al. reported
that the presence of positive autoantibodies, including RF and ACPA, is associated with
an elevated risk of future cardiovascular damage in patients with early-stage RA, within
the first year of disease onset [89]. Furthermore, another study indicated that RF and
antinuclear antibodies (ANA) are linked to an increased risk of cardiac disease and overall
mortality, even in individuals without rheumatic disease [90]. Notably, disease activity and
severity in RA are strongly correlated with cardiac dysfunction, and treatment for RA have
been shown to improve cardiac outcomes [88,91-93]. Therefore, effective stratification of
high-risk patients may play a crucial role in reducing cardiovascular events through the
implementation of optimized immunomodulatory therapies.

Similarly, the presence of RF and ACPA has been demonstrated to correlate with a
higher incidence and mortality of RA-associated interstitial lung disease (RA-ILD), a seri-
ous complication that carries substantial mortality risk [11,94-100]. Furthermore, high-titer
RF seropositivity (>60 IU/mL) has been linked to mediastinal lymph node enlargement,
CT-detected honeycombing, and reduced transplant-free survival, underscoring its prog-
nostic value in RA-associated pulmonary complications [101]. The efficacy and safety of
therapeutic agents, including conventional synthetic disease-modifying anti-rheumatic
drugs (csDMARDs) and biologic DMARDs (hDMARD:s), in the management of RA-ILD
remain subjects of ongoing research and clinical uncertainty [102-104]. Nevertheless, grow-
ing evidence indicates that these treatments may contribute to slowing disease progression
and improving the overall prognosis of RA-ILD [103,105-114]. Recent studies and meta-
analyses have provided accumulating evidence that methotrexate exerts a suppressive
effect on ILD [105,115]. The 2021 American College of Rheumatology Guideline for the
Treatment of RA conditionally recommend methotrexate over alternative DMARDs for the
management of inflammatory arthritis with moderate to severe disease activity in patients
with mild, stable airway disease or pulmonary parenchymal disease [58]. Furthermore, in
recent years, antifibrotic agents such as nintedanib have demonstrated the ability to slow
the decline in forced vital capacity in patients with progressive fibrosing RA-ILD [116].
RA-ILD is a severe organ complication in which early detection is crucial for enhancing
patient outcomes. RF titer may prove to be a valuable biomarker for identifying patients at
increased risk of developing lung disease or facing mortality [101].

Rheumatoid vasculitis (RV) is a severe extra-articular complication of RA, charac-
terized by inflammation of medium-sized arteries and capillaries. It is associated with
a particularly poor prognosis, with high mortality rates attributed to vasculitic damage
and the adverse effects of immunosuppressive therapy [117,118]. Several risk factors have
been identified for RV, including long-standing RA, male sex, smoking, and the presence
of rheumatoid nodules [119,120]. In a study of patients diagnosed with RV between 1980
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and 1993, 68% had rheumatoid nodules, and most exhibited strong RF positivity [121].
Furthermore, multiple studies have consistently identified high RF titers as the most signif-
icant predictor of RV development [122,123]. Clinically, the prevalence of RV is estimated
at 1-5% among RA cases, though autopsy studies suggest a much higher prevalence, rang-
ing from 15 to 31% [124]. This discrepancy underscores the need for vigilant screening
to improve early detection and prognosis, further highlighting the critical role of RF in
identifying patients at risk for RV.

3.4. Difficult-to-Treat RA (D2T RA)

RF is also implicated in the disease mechanism of difficult-to-treat RA (D2T RA), a
treatment-refractory subset characterized by inadequate therapeutic responses to >2 bD-
MARD:s or targeted synthetic DMARDs with different mechanisms of action [125]. Previous
studies have identified various patient-related factors associated with the development of
D2T RA, such as young onset, multiple comorbidities, high disease activity, low-dose MTX
use, and high-dose glucocorticoid use [126-131]. Among them, high RF titers have also
been linked to the development of D2T RA [128,129,131], suggesting that high RF titers
may serve as a biomarker for identifying patients who would benefit from early aggressive
interventions or innovative therapeutic strategies [52,55].

Recent studies identified that RF titers are significantly correlated with serum type I
interferon levels, which may contribute to therapeutic resistance in early RA [132,133]. Further
investigations are warranted to elucidate the mechanisms by which RF contributes to D2T RA
development and to explore its incorporation into personalized treatment paradigms.

3.5. RF in the 1987 ACR and 2010 ACR/EULAR Classification Criteria

The evolution of RA classification criteria reflects advancements in our understanding of
the disease and the role of serological markers such as RF. The 1987 ACR classification criteria
marked a pivotal moment by including RF as one of the key diagnostic parameters [134]. At
that time, RF was primarily valued for its diagnostic utility, with its presence supporting a
diagnosis of RA in conjunction with clinical symptoms such as joint swelling and morning
stiffness. However, the criteria did not consider RF titers, limiting its prognostic utility.

The introduction of the 2010 ACR/EULAR classification criteria represented a signifi-
cant paradigm shift, emphasizing earlier diagnosis and incorporating both RF and ACPA
as critical serological markers [4]. RF’s inclusion was prioritized based on its diagnostic and
prognostic value, with higher titers contributing more points toward an RA diagnosis. This
quantitative approach not only improved the sensitivity of the criteria but also highlighted
the role of RF in identifying patients with more severe disease trajectories. Unlike the
1987 criteria, the 2010 framework acknowledged the additive value of combining RF with
ACPA, which together enhance diagnostic specificity and prognostic accuracy.

Importantly, the 2010 criteria also shifted focus toward early RA, aiming to identify
and treat patients before significant joint damage occurs. This early intervention model
underscores the necessity of RF testing in stratifying patients based on disease severity
and progression risk. The integration of RF into both sets of criteria illustrates its enduring
relevance in RA classification, while ongoing research into RF isotypes and next-generation
assays promises to refine its application further. Future updates to RA classification may
benefit from incorporating insights into the differential roles of RF isotypes and their
interactions with other biomarkers.

In light of these findings, the prognostic utility of RF in RA extends well beyond
traditional diagnostic applications. By integrating RF analysis with other biomarkers and
clinical parameters, clinicians can better stratify patients, predict disease trajectories, and
tailor treatment plans. Future research should aim to further elucidate the mechanistic path-
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ways linking RF to disease outcomes and explore novel therapeutic approaches targeting
RF-mediated processes.

4. Therapeutic Implications of RF

The predictive value of RF extends to treatment response. RF-positive patients often
exhibit differential responses to DMARDs, including both conventional synthetic and
biologic agents. For instance, higher baseline RF titers have been associated with better re-
sponses to rituximab, a B-cell-targeting therapy [135], while potentially predicting reduced
efficacy of tumor necrosis factor inhibitors [136-140]. This variability highlights the role of
RF in guiding personalized treatment strategies and optimizing therapeutic outcomes.

4.1. Conventional DMARDs

According to the EULAR recommendations 2022 update for the management of RA,
methotrexate (MTX) is recommended as the first-line therapeutic option for patients with
RA [52]. MTX, approved by the FDA in 1988, remains the anchor drug and first-line therapy
for RA due to its cost-effectiveness and favorable safety profile [141]. Numerous studies
have demonstrated the efficacy of MTX as a first-line treatment regardless of the presence
of RF or ACPA [142-144]. However, some studies suggest that RF positivity may correlate
with MTX treatment failure and a higher likelihood of adverse events [145]. Although the
precise mechanism underlying the relationship between RF positivity and MTX treatment
failure remains unclear, research has shown that type I interferon (IFN) signaling pathway
genes are significantly overexpressed in MTX non-responders [146]. Furthermore, the
expression of IFN type I regulatory genes is markedly elevated in RA patients compared to
healthy individuals and has been positively associated with RF [132,147]. These findings
suggest that IFN-related pathways may play a critical role in the link between RF positivity
and MTX treatment resistance. Despite these findings, MTX remains the cornerstone of RA
management. However, clinical trials evaluating MTX monotherapy have reported that
only approximately 40% of patients with early RA achieve a good response as defined by
the ACRSO0 criteria, with even lower response rates observed with csDMARDs other than
MTX [148-150]. High-titer RF has been identified as a poor prognostic indicator and its
presence warrants a more proactive approach, including earlier use of bDMARDs [52].

4.2. Tumor Necrosis Factor Inhibitors

Tumor necrosis factor-alpha (TNF«) is a critical mediator that plays a central role in
both inflammation and bone destruction in RA [151]. TNF inhibitors—such as infliximab
(IFX), etanercept (ETA), adalimumab (ADA), golimumab (GOL), and certolizumab pegol
(CZP)—are currently the most widely prescribed bDMARDs due to their proven high
efficacy and favorable safety profile [152,153].

Previous studies have indicated that the presence of RF is associated with a dimin-
ished clinical response to TNF inhibitors [136-139,154-156]. However, more recent evi-
dence suggests that CZP, in contrast to monoclonal antibodies such as IFX, ADA, GOL,
and the receptor fusion protein ETA, demonstrates consistent efficacy regardless of RF
levels [53,157-160]. The influence of RF on the pharmacokinetics of these therapies repre-
sents a critical aspect of our discussion. RFs are autoantibodies that specifically recognize
the Fc region of IgG [161]. These RFs form immune complexes with IgG antibodies by bind-
ing to their Fc region. These immune complexes are then taken up by antigen-presenting
cells (APCs), mainly macrophages, via Fc gamma receptors (FcyRs) for IgG (Figure 3A).
Once taken up, these complexes are presumed to be transported to lysosomes, where
they undergo enzymatic degradation as part of intracellular processing and clearance
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mechanisms [162,163]. CZP, however, lacks an Fc region and consequently avoids this

pathway [164].
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Figure 3. Mechanisms of attenuation of TNF antibody efficacy by RF. (A) The RF-IgG immune
complex binds to the Fc receptors for IgG (FcyR) on the surface of antigen-presenting cells (APCs),
leading to the internalization and subsequent lysosomal transport of the complex. Within the
lysosomes, both the FcyR and the internalized antigen undergo proteolytic degradation. Anti-TNF
antibodies lacking the Fc portion are hypothesized to evade this degradation pathway. (B) The
neonatal Fc receptor for IgG (FcRn) is predominantly expressed on endothelial cells. These cells
internalize serum IgG and engage FcRn within acidic endosomal compartments. FcRn subsequently
recycles IgG back into circulation, thereby extending its serum half-life. In contrast, IgG that fails to
bind FcRn is routed to lysosomes for degradation, bypassing intracellular sorting. Rheumatoid factor
(RF) binds to the FcRn-binding sites of TNF antibodies and may interfere with their recycling process.

In addition, high-titer RF could impact IgG recycling mediated by the neonatal Fc
receptor (FcRn). While TNF inhibitors containing an Fc region are incorporated into the
endosome and recycled through binding to FcRn in endothelial cells, IgG that fail to bind
to FcRn are degraded in lysosomes [165]. RF may interfere with this recycling process by
binding to the FcRn-binding site on IgG [166] (Figure 3B).

Based on these mechanisms, the serum drug levels of TNF inhibitors containing the
Fc region, such as IFX and ADA, are reduced or undetectable in patients with high-titer
RE. In contrast, the serum drug levels of CZP remain stable regardless of RF titer [159].
Consequently, it has been reported that CZP demonstrates greater efficacy compared
to TNF inhibitors with an Fc region in patients with high RF titers (166-204 IU/mL or
higher) [53,157,160].

It is important to highlight the recently launched TNF inhibitor ozoralizumab, which
is now available in Japan. This next-generation single-domain anti-TNNF-« antibody has
a unique structure comprising two anti-TNF-« nanobodies® and an anti-human serum
albumin (HSA) nanobody®. With a molecular weight of 38 kDa—approximately one-fourth
the size of conventional anti-TNF-« IgG antibodies—ozoralizumab represents a novel and
advanced therapeutic option [167,168]. Notably, ozoralizumab lacks the Fc region in its
structure, which may allow it to bypass the efficacy-reducing effects associated with RF.

4.3. Non-TNF Targeted Treatment

Treatment with TNF inhibitors have traditionally been the first-line therapy following
an inadequate response to MTX. While TNF inhibitors significantly improve the qual-
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ity of life for most RA patients, at least one-third of patients fail to respond to these
drugs [169,170]. To provide alternative options, several newer antirheumatic therapies
with distinct mechanisms of action are now available, including non-TNF biologics and
Janus kinase (JAK) inhibitors [52,171]. These non-TNF biologics include a range of targeted
therapies, including anti-B-cell agents such as rituximab (RTX), anti-T-cell co-stimulatory
inhibitors such as abatacept, and interleukin-6 receptor inhibitors such as tocilizumab and
sarilumab [172-174].

The importance of targeting B cells in the treatment of RA is clear, as evidenced by the
efficacy of RTX, a B-cell depletion therapy. A meta-analysis of four randomized placebo-
controlled trials (REFLEX, SERENE, DANCER, and IMAGE) revealed that RTX provides
additional therapeutic benefits in seropositive RA, particularly in patients who have not
responded to at least one TNF inhibitor [135]. Notably, RTX has demonstrated efficacy
irrespective of the presence of RF [135]. Furthermore, in a large observational cohort study
of RA patients treated with RTX, seropositive patients exhibited significantly lower Disease
Activity Score 28 (DAS28) at 6 months compared to seronegative patients [135]. These
findings offer critical insights for optimizing treatment strategies in RF-positive patients.

A recent study reported that serum IL-6 concentrations were significantly elevated in
patients who failed to achieve remission with TNF inhibitors compared to those who did not.
These findings suggest that such patients exhibit a high dependency on IL-6, making IL-6
signaling inhibition a rational and potentially effective therapeutic strategy [175]. While
some studies suggest that RF positivity is associated with improved treatment outcomes
in patients receiving IL-6 inhibitors, others report no significant correlation between RF
positivity and treatment response [176-179]. Similarly, findings on the relationship between
RF presence and treatment response to abatacept have been inconsistent [176,180-185],
and data regarding RF’s impact on the efficacy of JAK inhibitors remain limited [186-188].
However, there is no evidence to indicate that the presence of RF is linked to treatment
discontinuation due to a lack of efficacy for these therapies. Consequently, the presence or
absence of RF does not seem to restrict the clinical application of these therapies.

5. Conclusions

Over the decades, advancements in RF detection methods and a deeper understanding
of its isotype-specific roles have significantly improved RA management. However, chal-
lenges such as diagnostic specificity, prognostic variability, and treatment resistance persist,
highlighting the need for further research. Future efforts should focus on refining RF assays
to enhance their diagnostic and prognostic precision, exploring the temporal dynamics of
RF isotype progression, and integrating RF into personalized treatment paradigms.

Given the heterogeneity of RA, RF remains a key biomarker not only for its established
diagnostic and prognostic value but also for its emerging role in guiding treatment stratifi-
cation. RF, in combination with other biomarkers such as ACPA, may help identify patient
subgroups more likely to benefit from specific therapeutic approaches. Moreover, high RF
titers have been linked to treatment resistance, particularly with MTX and certain biologic
therapies, underscoring the importance of personalized treatment strategies. Integrating
RF status into precision medicine frameworks holds promise for optimizing therapeutic
outcomes and advancing individualized RA management.
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Abstract: Individuals with immunosuppressive conditions are at a higher risk of devel-
oping malignancies than those in the general population. Immunosuppression weakens
tumor immunity, hinders the detection of pro-oncogenic cells, and activates oncogenic
viruses. Malignancies arising in immunosuppressed patients tend to be aggressive, have
a high incidence of virus-associated cancers, and are reversible in some cases. Notably,
immunosuppressive agents influence the frequency and type of malignancies, as well as
their clinicopathological features. Organ transplant recipients receive long-term immuno-
suppressants to prevent acute rejection. Post-transplant malignancies vary depending on
the type of drug administered before the onset of these diseases. Patients with rheuma-
toid arthritis (RA) are treated with long-term immunosuppressive medications, such as
methotrexate (MTX). MTX is widely recognized as being associated with a specific type
of lymphoproliferative disorder (LPD), known as MTX-associated LPD. Our recent report
indicated that the clinicopathological features of rheumatoid arthritis-associated lympho-
proliferative disorder (RA-LPD) also vary based on the other anti-RA agents used, such
as tacrolimus and tumor necrosis factor inhibitors. Therefore, the clinicopathological
characteristics of post-transplant LPD and RA-LPD evolve alongside the changes in the
immunosuppressants/immunomodulators administered. Understanding the various char-
acteristics and time trends of immunosuppressive neoplasms, particularly LPDs, in relation
to different immunosuppressant/immunomodulator medications is highly valuable in
clinical practice.

Keywords: post-transplant malignancy; post-transplant lymphoproliferative disorders;
rheumatoid arthritis-associated lymphoproliferative disorders; rheumatoid arthritis-
associated malignancy; methotrexate; immunosuppressive agents; anti-rheumatic agents

1. Introduction

Malignant neoplasms in patients with immunosuppressive conditions exhibit dis-
tinct characteristics compared to those in immunocompetent individuals [1-4]. This
difference arises from the restoration of tumor immunity in the host following the
reestablishment of defenses against tumors and oncogenic viral antigens [5]. A note-
worthy aspect is the reversible nature of immunosuppressive neoplasms; spontaneous
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regression can occur after the administration, reduction, and alteration of the immuno-
suppressive agent [6]. This phenomenon has been observed in patients with various
cancer types, including skin cancer, malignant melanoma (MM), Kaposi’s sarcoma
(KS), lymphoproliferative disorder (LPD), hepatocellular carcinoma, and Merkel cell
carcinoma [7-11].

The frequency and clinicopathological features of immunosuppressive neoplasms vary
according to the specific immunosuppressive state [1-4]. Immunosuppressive conditions
are categorized into inborn errors of immunity (congenital) and acquired forms; the latter is
further divided into groups, including patients with acquired immunodeficiency syndrome
(AIDS) and iatrogenic cases. The iatrogenic group includes solid organ transplant recipients
and individuals with autoimmune diseases such as rheumatoid arthritis (RA), who are
treated long-term with immunosuppressive agents [4,12]. Inmunosuppressive agents have
also enhanced the efficacy of organ transplantation over the years [13]. The introduction of
powerful immunosuppressive agents may be associated with reduced survival rates as a
result of the increased frequency and progression of malignant neoplasms [14-16]. Notably,
the choice and dosage of immunosuppressive agent may influence the incidence and type
of malignancy observed [1,2,4,17-19].

For patients with RA, the development of neoplasia, especially LPD, is associated
not only with the immunosuppressive conditions induced by the anti-RA agents but also
with the immune dysregulation inherent in RA itself [20]. For over half a century, patients
with RA have been recognized as vulnerable to LPDs because of their hyperimmune
state [21,22]. Epidemiological studies have indicated that the incidence of LPDs is two to
four times higher in patients with RA before the introduction of methotrexate (MTX) as an
immunosuppressive agent [23,24]. Baecklund et al. observed a correlation between LPD
incidence and RA disease activity, emphasizing that diffuse large B-cell lymphoma (DLBCL)
is more likely to develop in patients with RA [25,26]. Consequently, RA-LPDs, which
arise from the immune dysregulation associated with RA, may be classified as disease-
associated LPDs. Meanwhile, LPDs in RA patients receiving MTX have garnered significant
attention since Elliman’s report in 1991 [27]. The 2001 World Health Organization (WHO)
classification highlighted the immunosuppressive effects of MTX and was the first to define
the terminology for MTX-associated LPD (MTX-LPD) [28]. In this context, RA-associated
LPD (RA-LPD), linked to the immunosuppressive state caused by RA therapy, especially
MTX, should be recognized as a therapy-related LPD. Thus, RA-LPD encompasses both
disease- and therapy-related LPDs.

Over the past 30 years, significant advancements in the understanding of RA patho-
genesis have ushered in a new era of treatment [29-32]. Previously, RA management pri-
marily involved the use of prednisolone (PSL) and non-steroidal anti-inflammatory drugs
(NSAIDs). The emergence of conventional synthetic disease-modifying anti-rheumatic
drugs (csDMARD:s) in the 1990s, such as salazosulfapyridine (SASP), led to the introduc-
tion of MTX and tacrolimus (TAC) as immunosuppressive agents [33]. MTX at a low dose
causes immunosuppression by disrupting pyrimidine and purine synthesis and increasing
adenosine levels, while TAC causes immunosuppression by blocking calcineurin. This
was followed by a series of biologic DMARDs (hDMARD:s), including anti-tumor necrosis
factor (TNF)-« biologics such as infliximab (IFX), etanercept (ETN), adalimumab (ADA),
golimumab (GLM), and certolizumab (CZP), and non-anti-TNF-« biologics, including
tocilizumab (TCZ), which targets the interleukin (IL)-6 receptor, and abatacept (ABT),
which uses CTLA4-Ig. Subsequently, targeted synthetic DMARDs (tsDMARDs) based on
Janus kinase (JAK) inhibitors (JAKi), such as tofacitinib (TOF), upadacitinib (UPA), and
baricitinib (BAR) were developed [29-32].
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Recently, our group reported that the clinicopathological characteristics of RA-LPD
vary based on the type and frequency of the anti-RA agent used, and that these characteris-
tics change over time, resembling the effects of post-transplant malignancies [34]. This arti-
cle mainly describes the malignancies that develop under immunosuppressive and immune
dysregulated conditions, highlighting how the immunosuppressants/immunomodulators
affect the post-transplantation-LPD (PT-LPD) and RA-LPD.

2. Immunosuppressive Agents and Organ Transplantation
2.1. Post-Solid Organ Transplantation Malignancy and Immunosuppressive Agents (Figure 1)

Patients who receive solid organ transplants develop malignant tumors at a rate that
is two to four times higher than in the general population [1,5,17]. Malignant neoplasms
in transplant recipients tend to display a more aggressive clinical course, with a rising
prevalence of infection-related cancers such as human papillomavirus (HPV)-associated
skin cancer and Epstein-Barr virus (EBV)-related lymphoma than in the general population.

According to a cohort report of 175,732 transplants in the United States from 1987
to 2008, the standard incidence ratios (SIRs) for developing malignancies in transplant
recipients were significantly elevated for most infection-related malignancies com-
pared to the general population, including non-Hodgkin lymphoma (NHL) (SIR: 7.54),
Kaposi sarcoma (SIR: 61.46), and cancers of the liver (SIR: 11.56), anus (SIR: 5.84), and
vulva (SIR: 7.60). Among infection-unrelated malignancies, SIRs were significantly
elevated for lung (SIR: 1.97), kidney (SIR: 4.65), skin (non-melanoma, non-epithelial)
(SIR: 13.85), lip (SIR: 16.78), and intrahepatic bile duct cancers (SIR: 5.76). In contrast,
the risk of breast cancer (SIR: 0.85) and, to a lesser extent, prostate cancer (SIR: 0.92)
decreased [1].

The type of cancer varies based on the transplanted organ and the immunosuppressive
agents used [1,2,4,17-19].

Immunosuppressive therapy is vital for preventing organ transplantation rejection.
Historically, immunosuppressive agents have been improved to decrease rejection rates
and enhance the retention of the transplanted organs. In the 1960s, the use of maintenance
immunosuppressive agents in organ transplantation began with azathioprine (AZ). In
the 1980s, calcineurin inhibitors (CNI) such as cyclosporine A (CyA) and TAC were in-
troduced, followed by mycophenolate mofetil (MPA) and mycophenolate (MMF). In the
2000s, everolimus (EVL) and sirolimus (SRL) emerged as a mammalian target of rapamycin
(mTOR) inhibitors [35]. Considering these factors, the history of post-transplant malignan-
cies can be classified into three eras based on the type of immunosuppressant used for the
maintenance therapy [36]; these are outlined below.

2.1.1. Azathioprine (AZ) Era

Since AZ was approved by the Food and Drug Administration (FDA) in 1963, the
AZ era began in the 1960s and lasted until the 1970s. AZ is widely used as a maintenance
immunosuppressant in transplantation medicine. It suppresses the immune system by
inhibiting purine, DNA and RNA synthesis, and T-cell proliferation [36]. Additionally,
AZ has been reported to be carcinogenic in cases where the DNA in the epidermal
cells is mutated due to ultraviolet exposure, as it directly inhibits the DNA repair
mechanisms [37,38].
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An epidemiological study of the AZ era reported on 693 cases of malignant tumors in
the Denver Transplant Tumor Registry (DTTR) prior to August 1978, before the introduction
of CyA. The most common types of malignant tumor were skin and lip cancer (40.0%),
followed by LPD (19.2%), cervical cancer (7.1%), lung cancer (5.2%), colorectal cancer
(3.0%), and KS (2.9%) [39]. A 2016 meta-analysis also showed that transplant patients who
received AZ had a higher incidence of squamous cell carcinoma of the skin than those who
did not (odds ratio (OR) = 1.56; 95% confidence interval (CI): 1.11-2.18) [40].

2.1.2. Calcineurin Inhibitor (CNI) Era

The 1980s and the 1990s were the era of CNIs. In 1983, CyA was approved by
the FDA for immunosuppression in transplantation, and TAC was approved in 1994.
These medications are now widely used in transplantation. CyA binds to cyclophilin
A, whereas TAC binds to the intracellular protein FKBP12. In both of these CNIs, their
binding forms a complex consisting of Ca?*, calmodulin, and calcineurin, which inhibits
the phosphatase activity of calcineurin. This inhibition prevents the dephosphorylation and
nuclear translocation of NFATs, thereby inhibiting the production of IL-2. As a result, CNIs
inhibit T- cell activation and proliferation, contributing to immunosuppression [35,36].

CNIs also act as carcinogens by increasing transforming growth factor (TGF)-f31 [41,42],
a potent inhibitor of IL-2-stimulated T-cell proliferation, and by stimulating the tumor
angiogenesis factor vascular endothelial growth factor (VEGF) [41]. Additionally, the
elevated IL-6 levels in EBV-infected B-cells promote the activation, proliferation, and
possibly the immortalization of these cells [43,44].

The frequency of malignant tumors was higher in the CyA group than in the AZ
group [18]. Penn reported that, among 773 CyA monotherapy regimen transplants in the
CTTR until March 1995, the most common types of malignant tumor were skin and lip
cancer (25.1%), followed by lymphoma (22.5%), KS (8.4%), kidney cancer (6.5%), cervical
cancer (1.6%), and vulvar/perineum cancer (0.6%) [45]. Compared with the AZ therapy, the
incidence of lymphoma, KS, and renal cancer increased, whereas the incidence of squamous
cell carcinoma (SCC), cervical cancer, and vulvar cancer decreased [46]. A report from
Japan published in the same era also showed that the CyA group had a lower frequency
of SCC, no KS, and a higher frequency of kidney and thyroid cancers than the non-CyA
group, which consisted mainly of AZ-treated patients [18]. Compared with TAC and
CyA, OPTN/UNOS data indicated that TAC significantly reduced the incidence of all
non-skin cancers, non-lymphoma solid tumors, and non-MM skin cancers compared with
CyA [36/47].

2.1.3. Mammalian Target of Rapamycin (mTOR) Inhibitor Era

Since the start of the new millennium, new immunosuppressants have become avail-
able for use in transplantation. SRL was approved by the FDA in 1999, marking the
beginning of the era of mTOR inhibitors in 2000, followed by the approval of EVL in 2010.
Both are representative mTOR agents [48]. The immunosuppressive activity of the mTOR
inhibitors is based on their binding to immunophilin (FKBP12), which downregulates
p7056 kinase activity and blocks the IL-2 stimulation of lymphocyte proliferation [49].
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Figure 1. Changing patterns of post-transplant malignancy according to immunosuppressive
agent [2,14,15,18,36,39,40,45-47,50-62]. The type of cancer depends on the immunosuppressive
agents used before the development of the malignancies. As immunosuppressive therapies have
advanced, the patterns of malignant tumors in transplant patients have changed, as shown in this
figure. Abbreviations: AZ: azathioprine, ca: carcinoma, NHL: non-Hodgkin lymphoma, KS: Ka-
posi’s sarcoma, SCC: squamous cell carcinoma, MPA: mycophenolate mofetil, MMF: mycophenolate,
LPD: lymphoproliferative disorders, CNS: central nervous system, CNI: calcineurin inhibitors, CyA:
cyclosporine A, TAC: tacrolimus, MM: malignant melanoma, mTOR: mammalian target of rapamycin,
ALG: anti-lymphocyte globulin, ATG: anti-thymocyte globulin.

mTOR demonstrates anti-tumor effects by inhibiting cell proliferation through the
PI3 kinase [63] and p70S6 kinase pathways as a result of the deletion of PTEN. It induces
growth arrest by upregulating E-cadherin, enhancing the expression of cell cycle inhibitors
(e.g., p27kipl) [64], decreasing IL-10 secretion, preventing the constitutive activation of
signal transducer and activator of transcription (STAT)1 and STAT3 [65], and disrupting
VEGEF production, which hinders the VEGF-induced stimulation of vascular endothelial
cells [49,66].

Although the risk of post-transplant MM has increased significantly over the last
decade, a meta-analysis revealed that the overall incidence of all malignancies and non-
MM skin cancers has decreased [2,50-53]. Another study reported a decline in renal cancer,
alongside an increased incidence of prostate cancer, when compared with CyA [2,53,54].
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2.1.4. Mycophenolic Acid (MPA)/Mycophenolate Mofetil (MMF)

Mycophenolic acid (MPA) and mycophenolate mofetil (MMF) were approved for
kidney transplantation in 1995 and are currently widely used as alternatives to AZ. Both
agents are combined with CNIs or mTOR inhibitors for maintenance therapy. They exert im-
munosuppressive effects as purine synthesis inhibitors that target inosine monophosphate
dehydrogenase (IMD) [14,67], reducing the incidence of malignant tumors by inhibiting
IMD proliferation, which is increased in tumor cells. However, sufficient immunosuppres-
sion is also thought to decrease the need for potent immunosuppressive agents [68].

Compared with other immunosuppressive treatments, MMF significantly reduces the
incidence of PT-LPD, total cancer, skin cancer, and solid tumors [14,36,55]. However, as
discussed later, MMF administration increases the incidence of CNS lymphoma [56,57].

2.1.5. Immunosuppressants for Transplant Induction Therapy

Transplant induction therapy is a short-term medication used during transplant induc-
tion or in cases of acute rejection. Inmunosuppressive agents for this therapy are classified
as polyclonal antibodies (anti-lymphocyte globulin (ALG)) and monoclonal antibodies.
The former includes thymoglobulin (RATG, FDA approved in 1999) and anti-thymocyte
globulin (ATG, approved in 1998), while the latter encompasses OKT3 (anti-CD3 antibodies,
approved in 1985), alemtuzumab (anti-CD52, approved in 2014), basiliximab (anti-CD25,
IL-20c receptor, approved in 1998), daclimuzab (anti-CD25, IL-2« receptor, approved in
1997, discontinued in 2009), and belatacept (anti-CD80/86, approved in 2011) [58,69-76].

All antibody induction therapies, including ALG, ATG, OKT3, alemtuzumab, basil-
iximab, and daclizumab, increase the frequency of PT-LPD [15,58-60]. In addition to
lymphoma, ALG therapy elevates the incidence of colorectal cancer, thyroid cancer, and
MM [58,59]. OKT3 therapy increases the incidence of cervical, vaginal, and vulvar can-
cers [59,61] and decreases the incidence of thyroid cancer [58]. The anti-IL-2« receptor
treatments, namely, basiliximab and daclizumab, reduce lung cancer incidence. Alem-
tuzumab is linked to a higher incidence of colorectal and thyroid cancers [58]. Belatacept
has been reported to lower the risk of skin cancer [62]; however, recent studies have
reported contradictory results [77].

2.2. Post-Transplantation Lymphoproliferative Disorders (PT-LPD) and Immunosuppressive
Agents (Figure 1)

Post-transplantation lymphoproliferative disorders (PT-LPDs) are the second most
common malignant neoplasms that arise following organ or bone marrow transplantation,
comprising clinically and morphologically diverse lymphoid proliferative disorders [4].
PT-LPDs are histologically classified into four groups: non-destructive PT-LPDs, which
includes reactive plasmacytic hyperplasia; polymorphic PT-LPDs, monomorphic PT-LPDs,
and other types, including plasmacytoma-like PT-LPDs. PT-LPDs are mainly associated
with EBV and tend to have an aggressive clinical course. While PT-LPDs mainly involve B-
cells, T-cells, and natural killer (NK) cells, Hodgkin lymphoma (HL) can also occur [78-80].
A noteworthy aspect is the reversible nature of PT-LPDs, as first reported by Starzl et al. [6].
Non-destructive LPDs and the majority of polymorphic PT-LPDs regress spontaneously
after the discontinuation of immunosuppressive agents [81].

In this section, we discuss the types of immunosuppressants and the clinicopathologi-
cal characteristics of PT-LPDs.

2.3. Central Nervous System (CNS) Lymphoma

Central nervous system (CNS) involvement frequently occurs in immunosuppressive
LPD cases. Various immunodeficiency conditions and immunosuppressive drugs affect the
frequency of CNS-LPD. Before the advent of combination antiretroviral therapy (cART),
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primary CNS lymphomas were more prevalent among HIV-positive patients. Since the
introduction of cART, the frequency of non-Hodgkin lymphoma (NHL) has decreased by
50% [82]. CNS-LPD is a common post-transplant malignancy among patients receiving
Aza, MMF, and belatacept regimens [56,57,83-85]. However, it has become rare since the
introduction of CyA [18]. Conversely, it has also been suggested that CyA treatment may
suppress CNS-LPD.

2.4. Time Trends According to Changes in Immunosuppressants

Since 1983, CyA has been widely used for transplantation instead of AZ. In addition
to the decreased frequency of CNS lymphoma, changes in the characteristics of PT-LPD
have been observed. PT-LPDs in patients receiving the CyA regimen occur earlier after
transplantation, with increased rates of widespread lymph node involvement, gastroin-
testinal tract issues, and a higher regression rate following the reduction or cessation of
immunosuppressive therapy when compared to those receiving AZ [46]. There were better
prognoses in the CyA era than in the AZ era [80].

In 1994, TAC was introduced into transplant medicine and became widely used in
the field. Regarding LPD, although reports suggest that its administration increases the
incidence of LPD [15,43,86,87], no differences were found between the two groups in terms
of LPD incidence or clinicopathological features compared to the TAC and CyA groups [14].
At the outset of TAC’s introduction, concerns emerged that it could elevate the incidence
of PT-LPD, particularly in pediatric liver transplantation [88-91]. According to a report
from Pittsburgh, the incidence of PT-LPD was the same for CyA and TAC; however, the
incidence of PT-LPD in pediatric liver transplantation tended to be higher for TAC than
for CyA (p = 0.06) [86]. Nevertheless, in 2013 Narkewicz et al. examined the incidence of
PT-LPD in pediatric liver transplantation over a 12-year period (1995-2007) and reported a
decrease in PT-LPD incidence. This decrease was attributed to weight loss resulting from
immunosuppressant dosing and the monitoring of EBV DNA levels in the blood [89].

A 2011 report from Sweden indicated a statistically significant decrease in the NHL
risk among non-kidney transplant recipients from 2000 to 2008 compared to those from
1990 to 1999 [88]. Tsai et al. observed a shift in the histological type and the time to onset
of PT-LPD, as documented over time using the UNOS OPTN database from 1999 to 2013.
They identified that while the proportion of polymorphic LPD (P-LPD) decreased, the
proportion of monomorphic LPD (M-LPD) increased, with an extended time to onset. This
change was attributed to the increased use of TAC and a possible increase in the transplant
patients’ survival rates [92].

The EBV positivity rate also appears to have changed over time. Nelson noted that the
proportion of EBV-negative PT-LPD was 2% until 1991 but rose to 23% during the 1990s [93].
EBV-negative PT-LPD has distinct genetic features compared to EBV-positive PT-LPD and is
genetically similar to de novo lymphoma [94]. Luskin also indicated that the percentage of
EBV-negative PT-LPD increased from 10% in 1990-1995 to 48% in 2008-2013 [95]. Leblond
reported that the median time between organ transplantation and tumor diagnosis for
EBV-negative PT-LPD was 1800 days, compared to 180 days for EBV-positive LPD; thus,
EBV-negative PT-LPD may be a late complication of organ transplantation, induced by the
different regimens of immunosuppressive agents [96].

3. Anti-RA Agents and Malignancy
3.1. Malignancy in Patients with RA and Anti-RA Agents

RA is an autoimmune disorder marked by persistent inflammation in the joints and
synovium, leading to joint damage and the loss of function, along with the production of
autoantibodies, including rheumatoid factor (RF) and anti-citrullinated protein antibody
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(ACPA) [97,98]. The incidence of malignant tumors in patients with RA has been reported
to be either higher or lower than that in the general population, making this point epidemi-
ologically controversial [33,99-101]. However, the frequency of immune dysregulation and
the use of anti-RA agents in patients with RA differ from those in the general population
for each type of malignancy.

Patients with RA have a higher risk of developing lymphoma and lung can-
cer but a lower risk of developing colorectal and breast cancers than the general
population [33,102-104]. Additionally, a recent report from France highlighted a significant
increase in the incidence of bladder cancer, cervical cancer, prostate cancer, MM, DLBCL,
multiple myeloma, and HL. In contrast, the incidence of pancreatic, breast, and endometrial
cancers is low [105]. Other studies have indicated a high incidence of leukemia, particularly
acute myeloid leukemia (AML) [106], and non-MM skin cancer [107,108]. Conversely, other
studies have reported a low incidence of liver [33] and prostate cancers [109].

The pathogenesis of neoplasia in patients with RA may arise from the immune dysreg-
ulated state inherent to RA or from an immunosuppressive state induced by antirheumatic
agents [20]. It is well established that the hyperimmune state in RA contributes to the in-
creased frequency of LPD [21,22], and that these LPDs can be classified as disease-associated
LPDs. Furthermore, the increased frequency of lung cancer has been linked to a hyperim-
mune state associated with interstitial lung disease and smoking. Moreover, the influence
of anti-rheumatic agents on malignant tumor development should not be overlooked.

Anti-RA agents have advanced significantly over the past 30 years, providing substan-
tial benefits to RA patients [29-31]. Traditionally, anti-inflammatory PSLs and analgesic
NSAIDs have been used to alleviate the pain associated with RA. Additionally, SASP was
approved by the FDA in 1950 as an immunomodulator, followed by the introduction of cD-
MARDs, with MTX, leflunomide (LEF), and TAC being approved as immunosuppressants
in 1988, 1998, and 2005, respectively. Subsequently, bcDMARDs for RA were introduced,
including the soluble TNFi ETN (approved in 1998); TNFi monoclonal antibodies such as
IFX (approved in 1999); ADA (approved in 2002); GLM (approved in 2009); CZP (approved
in 2009); rituximab (RTX) (approved in 1998), which targets the anti-CD20 antibody; ABT
(approved in 2005), which utilizes CTLA4-Ig; and TCZ (approved in 2010), which targets
the IL-6 receptor. Furthermore, TOF (approved in 2012), upadacitinib (UPA) (approved
in 2019), and baricitinib (BAR) (approved in 2022) which are small-molecule compounds
classified as JAKis, have also been employed as tsDMARDs [29-32,110].

3.1.1. Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)

Traditionally, anti-inflammatory PSLs and analgesic NSAIDs have been used to al-
leviate the pain associated with RA [29]. The selective inhibition of cyclooxygenase-2 by
NSAIDs suppresses the production of prostaglandins, thereby preventing the incidence of
colorectal, breast, lung, and prostate cancers [111-113]. Recent reports from Japan indicate
that the incidence of colorectal cancer significantly decreased in the 2000s; however, this
notable difference disappeared in the early 2010s [114]. These phenomena are believed
to result from the reduced frequency of NSAID use among patients with RA due to the
advancements in RA treatment drugs, as suggested [33]. The lower risk of developing
colorectal and breast cancers is thought to be due to the use of NSAIDs [99,112,115].

3.1.2. Conventional Synthetic DMARD (csDMARD)
Methotrexate (MTX)

MTX is now recognized as an anchor drug for RA [29-33]. Methotrexate is a folate
analog that inhibits dihydrofolate reductase, thereby hindering DNA synthesis and induc-
ing cell death. The anti-inflammatory effects of MTX may involve mechanisms beyond
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dihydrofolate reductase inhibition. Specifically, these include suppressing cell proliferation
by inhibiting purine metabolism, increasing the rate of T-cell apoptosis by inhibiting T-cell
activation, enhancing endogenous adenosine release, inhibiting the production of cytokines
and intercellular adhesion molecules, and blocking IL-1f receptor binding [116].

The tumorigenic effect of MTX may arise from an immunosuppressive state that
reduces tumor immunity. Feng et al. [117] suggested that the unique impact of MTX, which
induces EBV replication while promoting immunosuppression, could explain its association
with the development of EBV-LPD in RA patients. Regarding the direct carcinogenicity
of MTX, it has been reported to exhibit chromosomal cytogenetic effects [20]; however, no
further findings have been reported.

The statistical evidence surrounding the overall risk of malignancies, including LPD,
in patients with RA treated with MTX remains controversial. Although the incidence of
non-MM skin cancer is reportedly increased, many studies have not reported that LPD risk
is associated with MTX treatment [26,118,119]. Conversely, some studies have indicated
a significant increase in LPD incidence with MTX treatment [33,120,121]. Owing to its
characteristic clinicopathological findings, such as the regression of the LPD after MTX
cessation, it was designated MTX-LPD in the 2001 WHO classification [28]. These findings
support an association between MTX and the development of LPD, which is categorized as
a treatment-related LPD. The LPD is discussed in the next section.

Tacrolimus (TAC)

The immunosuppressive effects and carcinogenic properties of TAC were discussed in
the section on PT-LPD [36]. Several studies have reported a significant association between
TAC administration and the occurrence of malignancies in patients with rheumatoid
arthritis [33,122].

Other csDMARD
SASP and LEF do not appear to be associated with cancer risk [116].

3.1.3. Biologic DMARDs (hDMARDs)
Tumor Necrosis Factor Inhibitors (TNFis)

TNF-« was initially identified as a factor that induces tumor necrosis and was subse-
quently shown to act as a carcinogenic promoter in chronic inflammation. TNF-« activates
downstream signaling pathways, including NF-«B, leading to inflammation and the induc-
tion of cancer-associated chemokines, cytokines, growth factors, and angiogenesis. Addi-
tionally, TNF-« binds to TNF receptor 1, forming the TNFR-associated death domain/Fas-
associated death domain complex, which activates caspase-8 and induces apoptosis in cells.
Tumor necrosis factor inhibitors (TNFis) not only exhibit anti-inflammatory and anti-tumor
effects but also promote tumor growth by inhibiting apoptosis [123].

Most previous studies have reported no significant increase in the incidence of ma-
lignancies overall following TNFi treatment [119,124-136]. However, meta-analyses con-
ducted soon after the introduction of TNFis indicated an increased incidence of these
events [137]. In contrast, other studies have indicated a decrease in incidence [133,138].
Several studies have reported an increase in LPDs [119,137,139], as well as in instances of
non-MM skin cancer [128,135,140], MM [141], and urinary tract cancer [138], but not in
other solid tumors. The relationship between LPD and TNFi treatment is discussed in the
following section.

Rituximab (RTX)

RTX is a CD20 antibody that depletes circulating mature B lymphocytes [142]. This
reduction in antigen presentation by the B-cells leads to T-cell activation. A prolonged
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period of rituximab-induced B-cell depletion may compromise the immune system, in-
cluding tumor immuno-surveillance [143]. Since 2000, RTX has been used in combination
with CHOP therapy for the treatment of DLBCL. However, a report from California, USA,
investigated the occurrence of secondary cancers before and after combination therapy
with RTX and DLBCL and revealed that the incidence of AML and thyroid cancer increased
after RTX introduction [144]. Furthermore, several studies have shown that the overall
incidence of malignant tumors was increased [145].

Patients with RA treated with RTX face an increased overall risk of malignancy,
particularly lung, bladder, urinary tract, otopharyngeal, and head and neck cancers, as well
as HL and MM, while demonstrating a decreased risk of breast and endometrial cancers
compared with the general population [101,136]. However, Huss reported that RTX was
not related to the overall incidence of malignancy [136].

Abatacept (ABT)

ABT is a fusion protein composed of the extracellular domain of human CTLA-4, which
selectively modulates the co-stimulation of T lymphocytes by inhibiting their activation
through binding to CD80/CD86, thereby preventing interaction with the CD28 expressed
on T-cells [29].

ABT therapy is associated with an overall increased risk of malignancies in pa-
tients with RA [101,136,146]. Compared to the general population, the incidence of
lung, bladder, and urinary tract cancers is higher [101,136]. However, other studies have
not found a significant difference in the comparison of patients with RA treated with
other DMARDs [147-151]. Nonetheless, ABT treatment was associated with a slightly
elevated risk of non-melanotic skin cancer and malignant melanoma compared to other
DMARDs [146-149,152]. The increased incidence of melanoma is consistent with the
widespread use of the CTLA-4 inhibitor ipilimumab for MM treatment [153].

Tocilizumab (TCZ)

Tocilizumab (TCZ) blocks IL-6-mediated signaling by preventing IL-6 from binding
to both the transmembrane and soluble forms of the IL-6 receptor. IL-6 plays a crucial
role in regulating immunity and inflammation [154] by activating the JAK2 and STAT3
signaling pathways. The activation of the JAK2/STAT3 signaling pathway contributes
to tumorigenesis. It promotes the formation of an inflammatory microenvironment in
tumors and is closely associated with the development and progression of various cancers.
Therefore, IL-6 inhibitors are being studied for their potential application as key molecules
in cancer therapy that target the IL-6/JAK2/STAT3 signaling pathway [155].

Compared to the general population, TCZ therapy does not appear to be associated
with an increased overall risk of malignancies in patients with RA [101,137,156]. However,
the incidence of lung, bladder, and cervical cancers has increased, whereas that of breast
cancer has decreased [101,157].

3.1.4. Targeted Synthetic DMARDs (tsDAMRDs)
Janus Kinase Inhibitors (JAKis)

JAKSs are tyrosine kinases that play a role in cytokine receptor signaling. JAK regulates
the transcription of several genes associated with inflammatory, immune, and cancerous
conditions [32]. The excessive activation of JAK and its associated JAK/STAT signaling
promotes cancer hallmarks such as proliferation, survival, and angiogenesis, in both the
tumor and its surrounding environment, through the activation of STAT3, IL-6, IL-11,
IL-22, IL-23, and interferon-y (IFN-y) [158]. Inhibiting JAK may provide an alternative
cancer treatment [159]; a JAKi has been approved as an anticancer therapy for myelofi-
brosis [160]. However, JAKSs also prevent tumor progression by activating CD8-positive
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T-cells and natural killer cells, raising the crucial question of whether JAKis increase the
risk of malignancy.

TOF primarily targets ATP-binding sites, specifically JAK1 and JAK3, disrupting
cytokines such as IL-2, IL-6, type 1 IFNs, and IFN-y [161]. BAR selectively binds to the
ATP-binding sites of JAK1 and JAK2, whereas UPA selectively binds to JAK1 [32]. Although
many reports suggest that there is no significant increase in the incidence of malignancies
with TOF, UPA, and BAR [162-168], others have documented a noticeable increase in
the frequency of malignancies compared to that in patients treated with TNFis [169-173],
thereby the FDA and European Medicine Agency (EMA) emitted warnings in 2021 and
2023, respectively [174]. This is particularly evident in patients aged > 50 years, who
are at risk of cardiovascular disease [169]. The incidence of non-MM skin cancer and
lung cancer is reportedly higher in patients receiving JAKis than in those treated with
TNFis [163,169,175].

3.2. Time Trends of Malignancy in Patients with RA

Comparisons between two meta-analyses conducted in Canada in 2008 and the United
States in 2015 can be utilized to understand the time trends of malignancy in patients with
RA [99,102]. The 2008 meta-analysis conducted in Canada did not confirm an increased
overall risk of malignant tumors in patients treated with DMARDs. In contrast, the 2015
report indicated that the overall incidence of malignant tumors, particularly lymphomas,
was higher in patients than in the general population. However, no differences were
observed in the incidence of malignant melanoma, cervical cancer, or prostate cancer
between the two groups.

According to the Japanese IORRA cohort [103], the period from 2000 to 2013 was
divided into three phases: the pre-biological agent period (the early 2000s, 2000-2004), the
biological agent period (the late 2000s, 2005-2009), and the late biological agent period (the
early 2010s, 2010-2013). Changes in malignant tumors over time have been reported. The
report indicated that the frequencies of all malignant tumors and lymphomas remained
unchanged. However, while the incidence of breast cancer was not significantly different
between patients with RA and the general population in the 2000s, it decreased significantly
in the early 2010s. Furthermore, although the incidence of lung cancer was considerably
higher in the early 2000s, this disparity decreased from the late 2000s to the early 2010s.
These results suggest that while malignant tumors and lung cancer are experiencing a
downward trend compared to the general population, the incidence of colorectal cancer
is increasing. Although the incidence of malignant lymphoma is decreasing, it remains
significantly higher than in the general population.

Factors contributing to the decrease in lung cancer patients with rheumatoid arthritis
include a reduction in the smoking population, decreased chronic inflammation due to
interstitial pneumonia, and the influence of a downward trend in CRP levels [176]. The
decline in lymphoma, particularly DLBCL, may be attributed to the reduced disease activity
associated with improved treatment. This advancement has resulted in a decrease in the
incidence of disease-related LPD. Furthermore, a heightened awareness of MTX-LPD and
the widespread use of MTX alternatives may contribute to the occurrence of treatment-
related LPD.

4. Rheumatoid Arthritis Associated Lymphoproliferative Disorders
(RA-LPDs) and Anti-RA Agents (Figure 2)

RA-LPD has distinct characteristics that differentiate it from general lymphomas. It
occurs in approximately 1 in 2000 patients with RA, and its frequency is two to four times
higher than that in the general population [23,24,114]. According to our database, the
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male-to-female ratio was 1:2.24, indicating a predominance in females, with a median age
at disease onset of 70 years. The median duration from RA onset to LPD onset was 12 years,
and the median time from the first administration of MTX to LPD onset was just over five
years. The EBV-encoded small RNA-1 (EBER-1) positivity rate was notably high at 51.8%,
and C-reactive protein (CRP) and lactate dehydrogenase (LDH) levels were elevated at the
onset of LPD [34].

All histological types of malignant lymphomas are present in RA-LPD; however,
immunodeficiency-associated LPD can also occur. The most common histological type
is DLBCL, followed by HL, mucosa-associated lymphoid tissue lymphoma (MALToma),
P-LPD, follicular lymphoma (FL), angioimmunoblastic lymphoma (AITL), HL-like lesions,
and EBV-positive mucocutaneous ulcer (EBV-MCU). Compared to sporadic LPD, RA-LPD
is characterized by the presence of immunodeficiency lymphomas, such as P-LPD, HL-
like lesions, and EBV-MCU, along with an increased proportion of HL, P-LPD, and AITL.
Conversely, MALToma, FL, and T-cell phenotypes, such as peripheral T-cell lymphoma
(PTCL), anaplastic large cell lymphoma (ALCL), and adult T-cell leukemia/lymphoma
(ATLL), are less prevalent [34].

In our database, RA-LPD regressed in 81.6% of cases within 2 weeks to 3 months after
the discontinuation of MTX. In 32.1% of the regressions, re-growth occurred at a median of
1 year (1-92 months). The 5-year remission maintenance rate (5y-PregFS) after regression
following MTX discontinuation was 63.8%. In contrast to PT-LPD, the proportion of cases
achieving CR owing to treatment effects was high. The tumor death rate was 16.3%, and
the 5-year survival rate was 86.3%, indicating that the prognosis is better than that for
sporadic LPD [34].

4.1. Pre-MTX Era Conventional Therapy and RA-LPD

Before MTX use, patients with RA were treated with medications such as SASP, BCL,
sodium aurothiomalate, and PSL. This group can be considered to have disease-related
LPD affected by the disease activity of RA without the influence of anti-RA drugs, and an
increased frequency of DLBCL has been reported [25,26]. In our database, this naive group
showed a lower frequency of EBER-1 positivity than the other groups. Extranodal origins,
particularly from the breast, stomach, and orbit, as well as the B-cell phenotype, including
MALToma and FL, may characterize the original nature of RA-LPD. Similar to PT-LPD [34],
indolent lymphomas such as FL. and MALToma may not be immunosuppressive LPDs
in RA-LPD.

4.1.1. Conventional Synthetic DMARD (csDMARD) and RA-LPD

MTX is now recognized as a cost-effective cornerstone of RA therapy [28-31]. The MTX
group is prominent, and numerous recent studies have highlighted its clinicopathological
features [4,28,34,120,177-188]. This is also detailed in the WHO classification [4,28,82].
In our database, a comparison of the MTX monotherapy group with the naive group
elucidated the pathology of pure MTX-LPD. The MTX monotherapy group had a higher
proportion of primary oral lesions and a lower proportion of primary orbital or gastric le-
sions and MALTomas than the naive group. In the MTX monotherapy group, the incidence
of oral primary lesions increased, whereas that of orbital or gastric primary lesions and
MALTomas decreased.

Regarding TAC, a comparison between the MTX plus TAC combination and MTX
monotherapy groups revealed a significant increase in the proportion of primary lesions
and ALCL in the pharyngeal and parotid glands, along with a decrease in the proportion
of primary lesions in the lungs [34]. TAC also affects lymphoma formation in RA-LPD.
We allowed overlap with our other drugs and compared 78 of the 518 patients with RA to
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78 patients receiving TAC and 440 patients without TAC. Consequently, an increase in EBER-
1 positivity, P-LPD subtype, and advanced age at LPD onset were identified as independent
poor prognostic factors in patients treated with TAC therapy [123]. Patients receiving TAC
medications for RA may require a detailed follow-up to assess LPD development.

4.1.2. Biologic DMARDs ((DMARDs) and RA-LPD

A TNFi does not increase the incidence of LPD, as described above in the rela-
tionship between TNFi administration and the development of LPD [125-135]. Al-
though the FDA expressed concern about LPD development in the early stages of TNFi
administration [119,139,189], following several studies reporting cases of LPD, particu-
larly within the first few months of TNFi treatment [190], no similar reports have yet

been published.
MTX+TAC MTX+sTNFi (ETN)
Naive
Age at LPD onset ‘T CRP T
Pharynx T MALToma T
Parotid gland T HL-like Lesion “T
ALCL T Submandibular gland T
Lung L EBER-1 (+) ‘T
Oral cavity ‘T
Orbit J
Stomach J
MALToma |
MTX+ABT MTX+TNFi
T-cell Phenotype T MTX :ILL:I-:e lesion
' EBER-1{+) T
MTX+TCZ MTX+mTNFi
sIL-2R T EBER-1 (+) T
HL-like Lesion T

Age at LPD onset -
Du: MTX-LPD onset T

Figure 2. Changing patterns of rheumatoid arthritis-associated lymphoproliferative disorders ac-
cording to anti-rheumatic agent [34,191] The clinicopathological features of rheumatoid arthritis-
associated lymphoproliferative disorder (RA-LPD) also differ based on the anti-RA agent used,
including methotrexate, tacrolimus, and tumor necrosis factor inhibitors, among others, as illustrated
in this figure. Abbreviations: MTX: methotrexate, TAC: tacrolimus, LPD: lymphoproliferative dis-
order, ALCL: anaplastic large cell lymphoma, ABT: abatacept, TCZ: tocilizumab, sIL-2R: soluble
interleukin-2 receptor, EBER-1: Epstein-Barr virus-encoded small RNA-1, MALToma: mucosa-
associated lymphoid tissue lymphoma, ref.: reference, sTNFi: soluble tumor necrosis factor inhibitor,
ETN: etanercept, CRP: C-reactive protein, HL-like lesion: Hodgkin lymphoma-like lesion, TNFi:
tumor necrosis factor inhibitor, FL: follicular lymphoma, mTNFi: monoclonal tumor necrosis factor
inhibitor, MTX-LPD: methotrexate-associated lymphoid tissue lymphoma, Du: duration.
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The incidence and histologic subtypes of the LPDs depend on each anti-RA agent,
including TNFis, and have recently garnered more interest [192]. Although previous studies
have not shown any correlation with the histological subtypes of LPDs [130,186,193], our
database allowed us to statistically demonstrate the effect of TNFi administration on LPD.
The MTX plus TNFi combination groups were compared with the MTX monotherapy
group. In the MTX plus TNFi groups, there was an increase in EBER-1-positive cases, a
higher proportion of HL-like lesions, and a decrease in the proportion of FL than in the
MTX monotherapy group [34].

TNF is a trimeric protein produced by various cells and exists in both soluble and
membrane-bound forms [194]. Compared with sTNFis, mTNFis have a significant impact
on Crohn’s disease, uveitis, and psoriasis, and are associated with an increased risk of
infectious complications, including opportunistic infections and tuberculosis [195-198].
TNFis were categorized into two groups: the soluble TNFi (sTNFi) group, specifically
etanercept (ETN), and the monoclonal antibody TNFi (mTNFi) group. The mTNFis and
sTNFis (ETN) function through different mechanisms, dependent on their unique ability
to bind soluble and transmembrane TNFs and their capacity to induce apoptosis [194].
In vitro, mTNFi inhibits IFN-y production, but sSTNFi does not [199], which may suggest a
difference in their susceptibility to bacterial and viral infections.

Interestingly, the clinicopathological features of RA-LPD varied between the MTX plus
mTNFi and MTX plus sTNFi (ETN) groups [191]. In the MTX and sTNFi (ETN) group, CRP
levels at LPD onset were higher than those in the MTX monotherapy group, and the rates
of HL-like lesions, MALToma, and primary submandibular lesions increased. Additionally,
the proportion of HL-like lesions was higher in the MTX group than in the mTNFi and
MTX alone groups. However, the age of LPD onset increased, LDH levels decreased, the
duration between the first MTX dose and the onset of LPD shortened, and the frequency of
EBER-1 positive cases increased.

Patients with DLBCL treated with RTX plus CHOP therapy have an increased risk
of HL compared to the general population [144]. As previously described, patients with
RA who receive RTX have a high incidence of HL and MM [101]. Regarding ABT, the
MTX plus ABT group showed a higher occurrence of T-LPD than the MTX-only group in
our database.

TCZ is an IL-6 antagonist. IL-6 plays a role in DLBCL pathogenesis, particularly in
the activated B-cell type, via the STAT3 signaling pathway [155]. Blockade of the IL-6
signaling cascade by TCZ may lower the risk of re-growth after spontaneous regression
(SR), resulting in a favorable prognosis. RTX is a chimeric monoclonal antibody that targets
the CD20 molecules expressed on the surface of B-cells. The MTX plus TCZ group exhibited
elevated sIL-2R levels. TCZ increases the frequency of bladder and cervical cancers while
decreasing the incidence of endometrial cancer [101].

4.1.3. Targeted Synthetic DMARDs (tsDMARDs) and RA-LPD

Concerning JAKis, while numerous reports have suggested that there is no significant
rise in the incidence of malignancies associated with JAKis [162-169], Mariette et al. noted
that the age- and sex-adjusted SIR of lymphoma was 2.62 (95%CI: 1.58-4.09) [200]. This
has been observed in patients treated with JAKis for the myelofibrosis associated with
aggressive lymphoma [201]. Furthermore, patients with RA treated with JAKis were
more often positive for ACPA and RF [200]. Harada et al. indicated that the lymphoma
occurring in patients with RA undergoing treatment with JAKis was aggressive B-cell
lymphoma [188].
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4.2. EBV Status and RA-LPD

RA-LPD exhibited a higher EBER-1 positivity rate (18.4%) than sporadic LPD (51.8%).
Moreover, MTX monotherapy (50.3%), MTX plus TAC (59.4%), and MTX plus TNFi (65.2%)
demonstrated higher EBER-1 positivity rates than those in the naive group. Additionally,
the combined MTX plus TNFi treatment group had a higher EBER-1 positivity rate than the
MTX monotherapy group [34]. Furthermore, among TNFi, mTNFis showed a higher EBER-
1 positivity (65.4%) than sTNFis (ETN) (47.9%) [191]. Patients treated with mTNFis are more
susceptible to EBV infection, which may result in a higher proportion of EBER-1-positive
patients compared to those treated with sTNFis (ETN). In patients with RA, blood EBV
antibody titers have been reported to be higher than those in the general population [202].
Moreover, it has been noted that the administration does not increase EBV antibody titers in
the blood [203]. This discrepancy may arise from geographic differences in EBV positivity,
highlighting the need for further studies.

4.3. Time Trends of RA-LPD According to Changes in Anti-Rheumatic Agents

Our large-scale study assessed the statistical differences in the characteristics of RA-
LPD over time [34]. Concerning anti-RA agents administered before LPD onset, naive
cases were less frequent in the 2010s-LPD group than in the 2000s-LPD group. Conversely,
MTX, TAC, TNFis, and ABT were used more frequently in the 2010s-LPD group than in
the 2000s-LPD group. The estimated cumulative and weekly MTX doses in the 2010s-LPD
group were higher than those in the 2000s-LPD group.

The age at RA-LPD onset was higher in the 2010s-LPD group than in the 2000s-LPD
group. Immunosuppressive markers, including P-LPD and EBER-1, were increased during
the later stages. The incidence of NK/T-cell lymphoma and MALToma was significantly
lower in the later period [34]. In contrast, when comparing our previous and most recent
publication, the prognosis for RA-LPD was worse than that for sporadic LPD in the 2007
report [179], but it reversed and improved in the 2024 report [34]. In the former case,
the proportion of DLBCL was significantly higher, whereas in the latter, the significant
difference disappeared.

Furthermore, the report stated that the incidence of bladder cancer, cervical cancer,
prostate cancer, MM, DLBCL, multiple myeloma, and HL have increased significantly. In
contrast, the incidence of pancreatic, breast, and endometrial cancers is low [101].

5. Discussion

This review describes the effects of various immunosuppressants and immunomodu-
lators administered before the onset of malignancies, particularly PT-LPD and RA-LPD,
as well as their changing patterns over time. Recent advances in immunosuppressants
and immunomodulators have significantly improved the quality of life (QOL) of organ
transplant recipients and patients with RA, leading to better long-term survival while also
addressing the need to prevent malignant tumor development. As immunosuppressants
and immunomodulators continue to evolve, further research is necessary to identify the
optimal therapy and dosage that balances the maintenance of the transplanted organ’s
function and the QOL of RA patients with a reduction in the risk of malignancy. The
weaknesses of this review article include the content of the published reports, such as past
studies, limited statistical analysis, small sample sizes, restricted geographic areas, insuffi-
cient verification, and low risk factors. However, essential trends that might otherwise be
concealed in a large-scale meta-analysis can be identified. We believe that addressing these
minor factors is important.

Overall, building evidence regarding the influence of drugs is challenging. Further-
more, determining which drug is responsible for an effect is particularly difficult when mul-
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tiple drugs are administered to a single patient, considering the pharmacological synergy
of all the drugs involved. The dataset from the British Society for Rheumatology Biological
Registry of Rheumatoid Arthritis (BSRBR-RA) used in this study indicated that over 50%
of patients who started their first TNFi later switched to alternative agents [125,204]. Prior
reports examining the relationship between RA drugs, especially TNFis, and RA-LPD
pathology failed to yield significant results because of inconsistencies in the group defini-
tions and the extent of the information studied [130,189,194]. There was also potential bias
in the follow-up methods, observation periods, data collection techniques, and number of
cases evaluated.

In our database, 35% of patients with RA-LPD received multiple drugs, either simulta-
neously or at different time points. Nonetheless, significant results were obtained owing to
the large number of cases, the accumulation of detailed information on the cases, and the
division of patients into non-overlapping 1:1 groups, coupled with the statistical analysis
of a vast quantity of data [34]. It would be intriguing to see the outcomes of earlier reports
that utilized the same classification methods but did not produce significant results.

6. Conclusions

The trends in malignancies arising in patients treated with immunosuppressive/
immunomodulatory agents are continually evolving. With advancements in medicine,
understanding the various characteristics and temporal changes in immunosuppressive
malignant tumors, particularly LPD, is beneficial for daily clinical practice and may lead to
significant medical breakthroughs, such as the development of new drugs and improved
monitoring methods for cancer treatment. Immunosuppressive malignancies including
LPDs are continuously changing their characteristics due to the effect of the immunosup-
pressive/immunomodulatory agents.
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Abstract: Rheumatoid arthritis (RA) is a systemic autoimmune disease characterized by
a multistep pathogenesis, from the preclinical phase of autoantibody emergence to the
clinical onset of synovitis and joint destruction. Cytokines play central roles throughout this
progression by orchestrating immune cell activation, tissue inflammation, and bone erosion.
In the preclinical phase, several cytokines, including IL-12, IL-6, IL-21 and TGEF-3, promote
Tth and Tph cell differentiation, helping autoreactive B cells to produce ACPA. During
the clinical phase, TNF-«, IL-6, and IL-1f drive synovitis by activating macrophages and
fibroblast-like synoviocytes, while also promoting RANKL (Receptor Activator of Nuclear
factor kB Ligand) expression and osteoclast differentiation. This review highlights the
pathogenic role of cytokines in RA and discusses their relevance as biomarkers and thera-
peutic targets. A better understanding of cytokine networks may offer new opportunities
for early intervention and disease prevention in RA.

Keywords: rheumatoid arthritis; cytokines; autoimmunity; synovitis; joint destruction

1. Introduction

Rheumatoid arthritis (RA) is an autoimmune disease characterized by chronic synovial
inflammation and progressive bone destruction and resulting in severe joint deformity
and functional impairment. The underlying pathogenesis involves an aberrant immune
response in which the immune system, originally intended to protect the host from external
threats, mistakenly targets self-tissues. The pathogenesis of RA is orchestrated by a complex
network of immune cells and soluble mediators, among which cytokines play a central role.
The significance of cytokines in RA is evident from the high efficacy of cytokine-targeted
therapies such as tumor necrosis factor (INF)-« inhibitors and interleukin (IL)-6 inhibitors.
In this review, we sought to divide the pathogenesis of autoantibody-positive RA into a
pre-arthritis (preclinical) phase and an arthritis (clinical) phase, and discuss the roles of
cytokines in terms of the ‘initiation of autoimmunity’, ‘development and persistence of
synovitis’, and ‘progression of joint destruction’. In particular, we focus on cytokines that
play central roles in RA pathogenesis across these stages, including IL-6 and TNF-« as
major drivers of inflammation and joint damage, IL-13 and IL-17 as amplifiers of synovitis,
IL-21 as a key mediator of T follicular helper cell (Tth)/T peripheral helper cells (Tph)-B cell
interactions, B cell-activating factor (BAFF) and A proliferation-inducing ligand (APRIL)
as regulators of B cell survival and autoantibody production, and type I interferon (IFN)
as a critical factor in the preclinical phase. To enhance the comprehensiveness of this
narrative review, we conducted a literature search using PubMed. The keywords used

s s i

included “rheumatoid arthritis,” “cytokines,” “autoimmunity,” “synovitis,” and “bone

destruction.” We included both original and review articles published in English, mainly
between January 2000 and June 2025. Articles were selected based on their relevance
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to the immunopathogenesis of RA, particularly those describing cytokine function, im-
mune cell interactions, and tissue damage. Case reports and non-peer-reviewed sources
were excluded.

2. Pre-Arthritis (Preclinical) Phase of RA

The pre-arthritis phase of RA refers to the stage before the onset of clinical symp-
toms, during which autoimmunity has already begun, characterized by the appearance
of autoantibodies such as anti-cyclic citrullinated peptide antibody (ACPA) and rheuma-
toid factor (RF) [1]. In this RA risk phase, genetic and environmental factors interact to
drive disease progression (Figure 1). Genetic factors include susceptibility genes such as
HLA-DR (Human Leukocyte Antigen-DR) shared-epitope (SE) alleles and the peptidyl
arginine deiminase 4 (PADI4) gene, which encodes peptidyl arginine deiminase, involved
in citrullination [2,3]. Environmental factors such as smoking, periodontitis and gut dys-
biosis activate PADI4 in neutrophils, leading to the abundant production of citrullinated
self-proteins [4-6]. These self-proteins are presented as citrullinated peptides by dendritic
cell HLA-DR SE molecules, inducing the activation of naive CD4" T cells, thereby ini-
tiating autoimmunity [7]. Concurrently, the activation of naive B cells reactive to these
autoantigens is also induced [8]. In autoimmune diseases like RA, a breakdown of B cell
tolerance results in an increased presence of autoreactive naive B cells compared to healthy
individuals [9].
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Figure 1. Pathologic mechanisms linking environmental and genetic factors to autoimmunity in
the preclinical phase of RA. This figure details the interplay between genetic susceptibility (e.g.,
disease risk genes including PADI4) and environmental insults such as smoking, gingivitis caused by

~
~

Porphyromonas gingivalis, and gut dysbiosis. It describes how these factors drive post-translational



J. Clin. Med. 2025, 14, 6409

modification of self-proteins, notably citrullination catalyzed by PPAD and PADI4, creating neoanti-
gens that breach immune tolerance. The process involves tissue sites such as the lung, gingiva,
and gut, and depicts the initial activation of innate immune cells (e.g., neutrophils and dendritic
cells), subsequent T and B cell activation through antigen presentation (via HLA-DR molecules and
costimulatory signals such as CD28/CD80/86), and the fostering of local and systemic autoimmune
responses and inflammation. ABC, age-associated B cell; ACPA, anti-citrullinated protein antibody;
BAFF-R, B-cell-activating factor-receptor; BCMA, B-cell maturation antigen; EF, extrafollicular; GC,
germinal center; iBALT, inducible bronchus-associated lymphoid tissue; PADI, peptidyl arginine
deaminase; PPAD, porphyromonas gingivalis peptidylarginine deiminase; PMN polymorphonuclear
neutrophil; TACI, transmembrane activator and CAML interactor; Tth, T follicular helper; Tph, T
peripheral helper.

Cytokines are critical for the functional maturation (differentiation into effectors) of
both T and B cells. The activation of naive CD4" T cells requires antigen recognition
via T cell receptor (TCR) (signal 1) and co-stimulation via CD28 (signal 2); however,
differentiation into effector CD4* T cells with specific cytokine-producing profiles requires
additional cytokine stimulation (signal 3) (Figure 2). In local tissues, such as the lungs,
differentiation into Th1 or Th17 subsets and the subsequent production of inflammatory
mediators is observed, but a key feature in this stage is the production of autoantibody
ACPA. This process critically involves Tfh and Tph subsets, which exhibit a strong B cell-
helper capacity (Figure 2). Multiple cytokines are involved in Tth differentiation, and in
humans, as in Th1 cells, IL-12 plays an essential role; indeed, Tth differentiation is impaired
in individuals with IL-12 receptor 31 chain (IL12RB1) deficiency [10]. In addition to IL-12,
cytokines such as transforming growth factor (TGF)-3 are also important for human Tth
differentiation. Moreover, the marked reduction in circulating Tfh (cTth) cells in patients
with Signal Transducer and Activator of Transcription 3 (STAT3) deficiency suggests that
the cytokines acting via the STAT3 pathway—such as IL-6 and IL-21—are also crucial [11].
Among the cytokines produced by Tth cells, IL-21 is of central importance. B cells require
cytokine stimulation to exert effector functions (Figure 3). IL-21 activates STAT3 in B cells
and induces the transcription factor B lymphocyte-induced maturation protein 1 (BLIMP-1),
which is critical for plasma cell differentiation [12].

As previously mentioned, RA patients harbor abundant autoreactive naive B cells.
These cells are influenced not only by T cell-derived IL-21 but also by other cytokines that
disrupt their self-tolerance. Innate immune cells such as neutrophils, macrophages, and
dendritic cells produce key B cell-modulating cytokines, including BAFF, APRIL, and IL-10
(Figure 3). BAFF promotes the differentiation, survival, and maturation of B cells [13]. Since
naive B cells express the BAFF receptor (BAFF-R), excessive BAFF availability may support
the persistence of autoreactive B cells [14]. APRIL is critical for the long-term survival of
plasma cells, which express its receptors the transmembrane activator and CAML interactor
(TACI) and B-cell maturation antigens (BCMAs) [15,16]. Unlike BAFF and APRIL, IL-10 can
also be produced by B cells themselves. It promotes plasma cell differentiation via STAT3
activation [17]. Interestingly, although APRIL facilitates the differentiation and survival of
pathogenic (autoreactive) B cells, it has also been reported to promote IL-10-producing regu-
latory B cells (Bregs). Under APRIL stimulation, IgA* Bregs are induced, which suppress T
cell and macrophage-mediated inflammation through IL-10 and programmed death-ligand
1 (PD-L1) expression [18,19]. This duality of APRIL—supporting both pathogenic and
regulatory B cell subsets—has important implications for therapeutic targeting and adverse
event prediction in RA [20].
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Figure 2. Differentiation and functions of CD4" T cell subsets and their roles in autoimmunity.
This figure outlines the differentiation pathways of naive CD4* T cells into effector subsets (Thl,
Th17.1, Th2, Th17, Tth, Tph, Treg, Tfr), driven by different cytokines and environmental cues.
The specific functions and characteristic markers of each subset are diagrammed, including their
involvement in cellular and humoral immunity, inflammation, immunosuppression, and tolerance.
TCR, T cell receptor; Tth, T follicular helper; Tfr, T follicular regulatory cell: Tph, T peripheral helper;
Treg, regulatory T cell.

Tph cells were originally identified in RA joints as IL-21-producing PD-1" CD4*
T cells distinct from Tfh cells [21]. Notably, while Tth cells express CXCR5, Tph cells
express CCR2, indicating that Tth cells are involved in B cell-help within lymphoid tissues,
whereas Tph cells function in inflamed tissues such as synovial tissues in RA [22] (Figure 2).
Interestingly, Tph cells themselves also produce CXCL13, a ligand for CXCRS5, suggesting
that they may recruit Tth cells to inflammatory sites. Recent studies suggest that type
I IFN can induce a shift from Tth to Tph cells, a phenomenon that could potentially
occur in inflammatory environments [23]. Tth cells are involved in the germinal center
(GC) reaction and promote somatic hypermutation (SHM) and class-switch recombination
in GC B cells, mainly via IL-4 and IL-21 [24]. On the other hand, Tph cells induce the
differentiation of naive B cells into a distinct CD11c* T-bet* subset known as age-associated
B cells (ABC) [25]. These T-bet™ B cells are frequently autoreactive [26], strongly implicating
them in autoimmunity. In addition to IL-21, IFN-y is crucial for their differentiation, as
T-bet" B cells are reduced when IFN-y signaling is impaired [27]. IFN-y signaling is also
essential for the expression of CXCR3 on T-bet” B cells, promoting their recruitment to
inflammatory sites [28]. Interestingly, IFN-y and IL-4 act antagonistically in driving T-bet*
B cell development, suggesting that the cytokine milieu may influence the choice between
GC and extrafollicular pathways [29].
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Figure 3. B cell activation, differentiation, and effector functions in autoimmune responses. This
figure provides an overview of B cell activation via T-dependent and T-independent pathways.
T-dependent activation requires three signals: antigen binding to the B-cell receptor (BCR) (Signal 1),
co-stimulation via CD40-CD40L and CD28-CD80/86 interactions with CD4" T cells (Signal 2), and
cytokine signaling (Signal 3) from Tth/Tph, Th1, or Th17 cells. T-independent activation also involves
antigen/TLR binding (Signal 1) and additional signals (Signal 2) from BAFF/APRIL binding to BAFE-
R, TACI, and BCMA, along with cytokine signaling (Signal 3) from IL-6, IL-10, and IFN-«/{3. All
these pathways converge on intracellular signaling to promote B cell survival, growth, and antigen
presentation, cytokine/chemokine production, and plasma cell differentiation. BAFF, B-cell-activating
factor; BCMA, B-cell maturation antigen; IFN, interferon; TACI, transmembrane activator and CAML
interactor; PC, plasma cell.

What, then, is the contribution of Tth and Tph cells to pathogenesis during the preclin-
ical phase? In RA lung lesions, structures resembling secondary lymphoid organs called
inducible bronchus-associated lymphoid tissue (iBALT) are observed [30], suggesting that
GC reactions mediated by Tfh cells may be occurring (Figure 1), though direct evidence is
currently limited. ACPA is known to undergo variable domain glycosylation (VDG), which
progressively increases even before the onset of arthritis and is already fully established by
the time of clinical manifestation. Since this glycosylation is introduced through SHM [31],
it again suggests the importance of GC reactions driven by Tth cells during the preclinical
phase. On the other hand, although much remains unclear regarding Tph cells, an increase
in Tph cells has been observed in the peripheral blood of ACPA-positive individuals in
the preclinical phase, suggesting their potential involvement in RA development [32,33].
Although this pertains to the clinical phase, Tph cells have also been reported in the sputum
and lung tissues of RA patients [34]. Additionally, since elevated type I IFN are present
in ACPA-positive individuals prior to RA onset [35], Tph differentiation may also occur
during this phase. The presence of Tph cells implies possible co-localization with T-bet* B
cells. An analysis of bronchoalveolar lavage (BAL) fluid from ACPA-positive individuals
in the preclinical phase revealed the presence of double-negative (IgD~ CD277) B cells,
possibly including T-bet* B cells, in lung tissues, suggesting their involvement in autoan-
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tibody production [36]. These findings collectively support the notion that autoantibody
production reflecting underlying autoimmunity begins during the preclinical phase.

Omics analyses in the preclinical phase of RA have provided evidence for the crit-
ical role of type I IFN. Notably, transcriptomic studies have demonstrated that ACPA-
positive individuals and those with arthralgia prior to RA onset exhibit an type I IFN
signature—defined as the upregulation of type I IFN-responsive genes—which is signifi-
cantly associated with increased risk of progression to RA [37,38]. Individuals with high
type I IFN signature expression had approximately twice the risk of developing RA, inde-
pendent of the presence of autoantibodies such as ACPA and RFE. This type I IFN signature
also correlates with autoantibody titers and is implicated in immunological alterations such
as immune cell activation and B cell proliferation. In addition, serum proteomic analyses
conducted around the time of RA onset have revealed changes in molecular networks
associated with IFN-« responses and lipid metabolism pathways [39]. Furthermore, pro-
teomic analyses of sera from ACPA-positive individuals have shown that cytokines such
as IL-1, IL-2, and IFN-y correlate with ACPA variable-domain glycosylation (VDG), and
cases that progressed to inflammatory arthritis exhibited strong activation of the JAK-STAT
pathway [40].

To date, no studies have shown that the inhibition of specific cytokines during the
preclinical phase can prevent the onset of RA. For instance, the administration of TNF-o
inhibitors during the preclinical stage does not suppress disease development, likely be-
cause TNF-« plays a more prominent role during the arthritis (clinical) phase, as discussed
later. In contrast, IL-6, which promotes the differentiation of Tth and Tph cells as described
above, may hold promise as a preventive target. Results from some studies suggest that
IL-6 inhibitors and JAK inhibitors may have the potential to suppress disease progression
in high-risk individuals—such as those who are autoantibody-positive or exhibit subclin-
ical inflammation [41]. Notably, JAK inhibitors are of particular interest as a potential
therapeutic strategy in the preclinical phase due to their capacity to regulate the activity of
type I IFN, as described above. However, there is currently no evidence supporting its use
for disease prevention, and further research is needed [42].

3. Arthritis (Clinical) Phase of RA
3.1. Autoimmunity

Even during the clinical phase of RA, T cells and B cells continue to mediate
autoimmune responses within the joint. The RA synovium harbors diverse T cell
subsets—particularly Tph cells—as well as B cells, which undergo clonal expansion, recog-
nize self-antigens, produce cytokines, and promote plasma cell differentiation [4]. Compre-
hensive analyses comparing immune cell profiles between synovial tissue and peripheral
blood in patients with early, treatment-naive RA have shown that Tph cell-associated
signatures serve as important biomarkers for treatment response and prognosis [43]. Circu-
lating Tth (cTth) and Tph cells in RA patients exhibit distinct metabolic profiles: cTth cells
show heightened glucose metabolism, particularly glycolysis, and are more potent in B cell
activation and antibody production, whereas Tph cells demonstrate elevated mitochondrial
reactive oxygen species (mtROS) and express high levels of cytotoxicity-related molecules
such as BLIMP-1 and T-bet, as well as markers of cellular senescence [44]. Moreover,
synovial Tph cells show stronger recent TCR activation signatures and more pronounced
clonal expansion compared to Tfh cells [45]. Interestingly, recent studies have identified
two functionally and spatially distinct Tph subsets in RA: stem-like Tph (S-Tph) and ef-
fector Tph (E-Tph). S-Tph cells possess self-renewal and B cell-helping capacity within
tertiary lymphoid structures (TLS), while E-Tph cells contribute to inflammation and tissue
damage. Differentiation from S-Tph to E-Tph occurs within RA tissues [46]. Human Tph
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cells also produce a primate-specific secreted factor, insulin-like growth factor-like family
member 2 (IGFL2), which correlates with RA disease activity [47]. IGFL2 functions as a cy-
tokine that cooperates with TGF-3 stimulation to promote CXCL13 production and induces
the expression of numerous inflammatory and IFN-related genes (e.g., CXCL9/10/11) in
monocytes and macrophages (Figure 4).
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Figure 4. Pathogenesis of clinical phase of RA is characterized by autoimmunity, synovitis, and

joint destruction. This figure delineates the intricate cellular and molecular events in autoimmunity,
inflammation, pannus formation, and joint destruction. In the context of autoimmunity, dendritic
cells activate naive CD8" T cells and naive CD4" T cells via HLA class I and HLA class II, respectively.
These activated T cells can differentiate into effector CD8" T cells (GzmK) and effector CD4* T cells
(Tfh). The EF response involves the interaction between effector CD4" T cells (Tph) and naive B cells,
thereby generating T-bet* B cells. The GC reaction involves effector CD4" T cells (Tfh) and GC B
cells. Ultimately, plasmablasts (short-lived) and plasma cells (long-lived), characterized by CD19,
CD138, CD38, BCMA, and APRIL, produce autoantibodies such as ACPA and RF. Inflammation
is driven by macrophages and NK cells, activated via TLR, leading to the stimulation of effector
CD4* T cells (Tph/Tfh/Thl) and effector B cells (SMB). PMNs and effector CD8+ T cells (GzmB)
also contribute to the release of inflammatory cytokines like TNF, IL-1, IL-6, and IL-8. T-bet* B
cells are also implicated in the inflammatory process. These inflammatory processes contribute
directly to pannus formation and subsequent joint destruction. Synovial cells (FLS), osteoclasts,
and chondrocytes, through pathways involving RANKL and MMP-3, drive the development of
pannus and eventual joint degradation. Additionally, inflammatory cytokines influence hepatocytes,
leading to the production of acute phase proteins (CRP, fibrinogen, etc.) and hepcidin, which is
associated with anemia. ABC, age-associated B cell; ACPA, anti-citrullinated protein antibody;
APRIL, a proliferation-inducing ligand; BAFF, B-cell-activating factor; BCR, B cell receptor; BCMA,
B-cell maturation antigen; FLS, fibroblast-like synoviocyte; Gzm, granzyme; IGFL2, insulin-like
growth factor-like family member 2; MMP, matrix metalloproteinase; PMN, polymorphonuclear
neutrophil; RANKL receptor activator of nuclear factor kappa B ligand; RF, rheumatoid factor; TPO,
thrombopoietin; VEGEF, vascular endothelial growth factor.

In patients with early RA who are DMARD-naive, ABCs highly express chemokine
receptors such as CXCR3 and adhesion molecules involved in homing to inflamed tissues,

89



J. Clin. Med. 2025, 14, 6409

and represent a dominant B cell subset in synovial fluid [48]. Single-cell RNA sequencing
analysis of ABCs in peripheral blood of RA patients revealed that the proportion of ABCs
correlates with disease activity and serum TNF-« levels, and identified spleen tyrosine
kinase (Syk) as a key regulator of the myeloid-like phenotype of ABCs [49]. The aberrant
expansion of ABCs is implicated in RA pathogenesis and represents a potential therapeutic
target [50].

As described earlier, IL-6 plays a critical role in the differentiation of both Tth and
Tph cells; in addition, IL-6 directly acts on B cells, promoting plasma cell differentiation
via STAT3 activation (Figures 3 and 4). In this phase, members of the TNF cytokine family,
BAFF and APRIL, are also upregulated in RA serum and synovial tissue (Figure 4) [14].
However, ACPA titers show only weak correlation with RA disease activity and treatment
response, and generally remain stable over time. This may be partly explained by the
fact that ACPA-producing B cells have already acquired immunological memory—as
evidenced by VDG—before the onset of arthritis [51]. Moreover, as ACPA-producing
cells, CXCR3" switched memory B cells (SMB), plasmablasts, and long-lived plasma cells
residing in the bone marrow have been implicated, rather than the aforementioned T-bet*
B cells (Figure 4) [52,53]. In contrast, theumatoid factor (RF), which is typically an IgM
autoantibody targeting the Fc region of IgG, appears to be produced through mechanisms
that involve innate immune signaling, unlike ACPA [54].

3.2. Development and Maintenance of Synovitis

In addition to autoimmunity, the clinical phase is marked by synovial inflammation.
At this stage, not only T and B cells, but also innate immune cells such as macrophages
and fibroblast-like synoviocytes (FLS), play key roles. Synovial macrophages play a central
role in promoting chronic synovitis and joint destruction by producing pro-inflammatory
cytokines—particularly TNF-o, IL-1§3, and IL-6 (Figure 4). Synovial macrophages are
classified into M1 (pro-inflammatory) and M2 (anti-inflammatory) phenotypes; in RA,
there is a predominance of M1 macrophages, which are characterized by the elevated
production of TNF-« and IL-1f [55]. Among the cytokines, IFN-y, secreted by Th1 cells,
potently drives M1 polarization, while granulocyte-macrophage colony-stimulating factor
(GM-CSF), which is highly expressed in the synovium, is also critical for maintaining
the M1 phenotype in monocyte-derived macrophages. TNF-« and IL-1(3 secreted by M1
macrophages further amplify the inflammatory loop [56-58].

FLS, when stimulated by cytokines such as TNF-«, IL-1§3, IL-6, and TGF-3, increase
the expression of adhesion molecules (e.g., ICAM-1) and enhance crosstalk with immune
cells—particularly CD4* T cells and macrophages—leading to elevated production of
inflammatory cytokines and chemokines [59]. Under TNF-« stimulation, FLS particularly
promote direct cellular interactions with T cells and enhance their activation and differenti-
ation. Moreover, FLS contribute to bone destruction through the production of receptor
activator of nuclear factor B ligand (RANKL), and a subset of ITGA5* FLS expressing
TGE-3, periostin (POSTN), and CCLS5 has been implicated in promoting Tph differentiation
and forming inflammatory niches [60]. Interactions between FLS and macrophages further
increase the production of inflammatory cytokines and matrix metalloproteinases (MMP2
and MMP9), exacerbating chronic inflammation and tissue damage. Recent single-cell and
spatial transcriptomic analyses have revealed the functional heterogeneity of FLS subsets,
highlighting their emerging importance as therapeutic targets in RA [61].

In addition to Th1 cells, Th17 cells produce IL-17A and other cytokines that stimulate
FLS and macrophages, thereby amplifying inflammation. Under inflammatory conditions
(e.g., in the presence of IL-12, IL-1 or TNF-«), Th17 cells may transdifferentiate into Th17.1
(or exTh17) cells, which co-produce IFN-y (Figure 2). These Th17.1 cells are increased in RA
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synovial fluid and have been reported to be more pro-inflammatory and treatment-resistant
than classical Th17 cells [62].

In early RA, synovial T cells exhibit a Thl-skewed profile, with high production
of inflammatory cytokines such as IFN-y, while IL-4 and Th2 cells are relatively scarce.
Nonetheless, IL-4 production is detectable in the synovium of early RA and may contribute
to both anti-inflammatory effects and enhanced antibody production through B cell ac-
tivation. IL-4 promotes B cell differentiation and antibody production—particularly IgE
and autoantibodies—and may be involved in the autoimmune processes of RA. It also
modulates inflammatory cytokine secretion from synovial fibroblasts and neutrophils [63].
In chronic or advanced RA, however, a Th1/Th17-dominant milieu prevails, and synovial
T cells become resistant to Th2 polarization, thereby limiting IL-4’s anti-inflammatory
function. Nevertheless, IL-4 can still suppress neutrophil infiltration into the joints and
enhance FcyR2b expression, contributing to inflammation control [64,65]. As previously
noted, Tph cells play a central role in RA synovium, but Tfh cells are also present. Tth
cells can be subdivided into Tfh1, Tth2, and Tth17 subsets based on their cytokine profiles.
During the clinical phase, Tfh2 cells—which produce IL-21 and IL-4—are considered more
functionally relevant than Tfh1 cells, which produce IL-21 and IFN-y. Tfh2 cells strongly
contribute to B cell activation and autoantibody production [66]. Moreover, in peripheral
blood of RA patients, increases in Tfh2 and Tth17 (producing IL-21 and IL-17) subsets have
been observed, whereas Tth1 cells appear to have lower B cell-helper activity.

In contrast to pathogenic subsets, regulatory CD4" T cell subsets also exist (Figure 2).
T regulatory (Treg) cells are induced by IL-2 and TGF-f3 and secrete immunosuppressive
cytokines such as IL-10 and TGF-f. Tregs maintain immune homeostasis by suppressing
effector T cell responses. In co-culture experiments with human conventional CD4" T cells
(Tconv), Tregs have been shown to strongly suppress both the proliferation and cytokine
production of Tconv cells. This suppression is primarily contact-dependent, as the effect
is abolished when Tregs and Tconv cells are separated by a transwell, indicating that
direct cell-cell interactions, in addition to soluble factors, are essential [67]. Moreover, the
suppressive capacity of Tregs varies by subset. Memory-type Tregs (CD45RA~ FoxP3")
potently inhibit early Tconv activation—such as activation marker expression and cytokine
secretion—whereas their ability to suppress proliferation is comparable to that of naive
Tregs [68]. Tregs that express follicular-homing molecules such as CXCR5, migrate into
follicles, and acquire suppressive functions are referred to as T follicular regulatory (Tfr)
cells. Recent human studies have shown that low-dose IL-12 induces Tfr differentiation
programs in activated Tregs by activating STAT4 and upregulating Tfr-associated genes
(Figure 2) [69]. In untreated early RA patients, Treg cells are significantly reduced, showing
negative correlations with disease activity and autoantibody titers [70]. Additionally,
peripheral Tfr cells are decreased in active RA compared to remission [71]. These findings
suggest reductions in both Treg and Tfr populations during the clinical phase of RA
(Figure 4). In humans, impaired Treg function and numerical deficiency contribute to
the breakdown of peripheral B cell tolerance checkpoints, leading to the accumulation
of autoreactive B cells and subsequent autoantibody production [72]. Interestingly, TNF
inhibitors restore Treg populations in RA [73], and IL-6 inhibitors have been shown to
restore both Treg and Tfr cells [74,75]. Meanwhile, T-bet™ B cells, which express CXCR3,
are abundant in the joint and contribute to the inflammatory milieu by producing TNF-o
and IL-6 [76] (Figure 4).

IL-8 produced by macrophages promotes the migration and activation of neutrophils,
playing a critical role in sustaining chronic inflammation in RA [77]. Recent single-cell
analyses have demonstrated the expansion of IL1B* pro-inflammatory macrophages in
the RA synovium [78]. FLS also contribute to IL-1f production. In addition to these
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cytokines, TNF-« and IL-6 are especially important in the inflamed joint microenvironment.
TNF-« acts on various synovial cell types, with FLS being particularly important targets.
TNF-« stimulates FLS to produce inflammatory cytokines and chemokines, promotes
their proliferation and migration, enhances resistance to apoptosis, and collectively drives
chronic synovitis [79].

IL-6, on the other hand, plays a central role in amplifying inflammation and inducing
tissue damage in the joint. IL-6 signaling proceeds via two primary pathways: classic
signaling and trans-signaling. In classic signaling, IL-6 acts on cells that express membrane-
bound IL-6 receptor (mIL-6R), such as neutrophils, macrophages, and hepatocytes. In
trans-signaling, IL-6 forms a complex with soluble IL-6R (sIL-6R), allowing it to act on
nearly all cells that express the signal transducer gp130. This pathway leads to broader
and sustained inflammation and is considered more relevant to RA pathogenesis [80]. In
RA, concentrations of IL-6 and sIL-6R are elevated in the joint, enabling IL-6 to transmit
inflammatory signals to cells such as FLS and chondrocytes that lack mIL-6R. Current IL-6
inhibitors target IL-6R and therefore block both classic and trans-signaling. Neutrophils
are considered a major source of sIL-6R in the joint, generated via shedding of mIL-6R
(Figure 4).

What, then, are the primary sources of IL-6 in the joint? Recent single-cell studies
have identified THY1 (CD90)* sublining FLS as the main producers of IL-6 [78]. These
findings underscore the central role of FLS in driving inflammation in the clinical phase of
RA. Beyond local effects, IL-6 also contributes to systemic inflammation by inducing the
hepatic production of hepcidin and thrombopoietin (TPO), leading to anemia of chronic
disease and thrombocytosis. IL-6 further stimulates the acute-phase response, promoting
the synthesis of C-reactive protein (CRP), fibrinogen, and other proteins (Figure 4).

Omics technologies, including transcriptomics and single-cell RNA sequencing, have
been widely employed to elucidate RA pathogenesis. These analyses have revealed that
multiple cytokines—such as TNF-«, IL-6, IL-17, IL-13, and GM-CSF—play central roles
in inflammation and tissue destruction in RA. The cytokine profiling of blood from RA
patients has also demonstrated correlations between disease activity and levels of cytokines
such as IL-17A and TNF-« [4,81]. Furthermore, plasma proteomics comparing RA patients
and healthy controls has uncovered abnormalities in molecular networks centered around
immune regulation, intracellular signaling, hematopoiesis, and cytokine modulation, in-
cluding STAT1, TNE, and CD40. In addition, altered levels of osteocalcin (involved in bone
metabolism), apolipoprotein A-I, and metallothionein-2 (an antioxidant protein) were also
observed [82]. Proteomic analyses of neutrophils in RA synovial tissue have revealed a
highly activated state, characterized by the massive release of myeloperoxidase (MPO) and
ROS, which are major contributors to local protein carbamylation. Since carbamylated
proteins can become targets of autoantibodies, they may contribute to the progression of
RA [83].

Although the focus thus far has been on CD4" T cells, CD8" T cells also play important
roles in RA pathogenesis (Figure 4). Recent single-cell studies have revealed expansions
of cytotoxic CD8" T cells, particularly granzyme B (GzmB)™ cells, in the peripheral blood
and synovial tissue of ACPA-positive RA patients. These cells are activated by citrulli-
nated antigens and contribute to synovitis and tissue destruction [84]. GzmB degrades
components of the synovial extracellular matrix—such as tenascin-C—thereby generating
pro-inflammatory fragments [85]. In contrast, a distinct subset of GzmK* CD8* T cells
have recently gained attention. These cells are abundant in the sublining regions of RA
synovium and exhibit limited cytotoxicity, but maintain chronic inflammation by producing
inflammatory cytokines such as IFN-y, activating complementary cells, and interacting
with stromal cells [86]. The differentiation of these two CD8" T cell subsets is also distinct
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(Figure 4): GzmK™* cells predominantly display central memory (CM) or effector memory
(EM) phenotypes and respond strongly to cytokines such as IL-7 and IL-15. Under TCR
stimulation, they downregulate GzmK and upregulate GzmB [87]. In contrast, GzmB™" cells
represent more terminally differentiated effector phenotypes and are primarily induced via
TCR stimulation, with IL-12 and IFN-y acting as key cytokines [88]. We have also identified
a subset of CD8" T cells with B cell-helper capacity. These cells produce cytokines such as
IFN-y and IL-21 and share functional characteristics with Tph cells. They are abundant
in the joints of autoantibody-positive RA patients [89]. Intriguingly, age-associated CD4*
T cells (ThA) were recently reported to possess a dual functionality, exhibiting both cyto-
toxic properties like CD8" T cells and B cell-helper functions, supporting autoantibody
production [90].

In addition to CD8* T cells, NK cells also play important roles within RA joints.
CD16* NK cells are increased in RA synovial tissue and are activated through immune
complexes to produce IFN-y. This NK-derived IFN-y promotes the expansion of CD90*
FLS, which express high levels of HLA-DR and inflammatory cytokines such as IL-6. These
activated FLS enhance CD4* T cell activation via antigen presentation and contribute to
the maintenance of chronic inflammation and autoimmunity in RA [91].

Angiogenesis in RA synovium is promoted by various factors, including vascular en-
dothelial growth factor (VEGF), TNF-«, IL-6, and IL-17. Among these, VEGF is considered
the principal pro-angiogenic factor in RA [92]. FLS constitutively express VEGEF, and their
expression is further enhanced by hypoxia and pro-inflammatory cytokines [93]. TNF and
IL-6 inhibitors, such as infliximab and tocilizumab, suppress VEGF production and are
positively correlated with reductions in synovitis severity, as assessed by ultrasound [92].

3.3. Progression of Joint Destruction

During the clinical phase of RA, joint destruction progresses and ultimately leads
to irreversible deformity and functional impairment. TNF-oc and IL-1f induce FLS and
chondrocytes to express MMP-3, which contributes to cartilage matrix degradation [94].
Furthermore, IL-6-mediated trans-signaling promotes RANKL expression by FLS, thereby
inducing osteoclast differentiation and bone resorption [4].

IFN-vy, in addition to modulating FLS function, enhances their motility and invasive-
ness, contributing to the destructive remodeling of joint tissues. This process is mediated via
the JAK2-FAK signaling pathway and is suppressed by JAK inhibitors [95]. Osteoclasts are
central to bone erosion. TNF-«, IL-6, IL-1§3, and IL-17 upregulate RANKL expression in FLS,
promoting osteoclastogenesis and activation. IL-1(3 enhances the bone-resorbing activity of
osteoclasts and also contributes to RANKL-independent activation [96]. Moreover, TNF-«,
in the presence of M-CSF, can induce osteoclast differentiation from murine macrophages
independently of RANKL [97]; however, in human monocytes, synergistic actions with
other cytokines—particularly IL-6 and TGF-f—are considered essential [98,99]. Since FLS
do not express mIL-6R, trans-signaling is again critical for IL-6-induced RANKL expression
in these cells [100]. Transcription factors such as Ets2 and SOX5 are also activated under
IL-6 trans-signaling and contribute to RANKL upregulation [101].

Although FLS are the primary source of RANKL in RA, we showed that double-
negative B cells—including T-bet* subsets—and switched memory B cells also express
RANKL [102]. In untreated RA patients, the frequency of T-bet* B cells correlates with
bone erosions, joint space narrowing, and modified total sharp score (mTSS) [103]. In
addition, T cells can also serve as a source of RANKL in RA (Figure 4). CD4" T cells from
RA patients have been shown to express RANKL upon stimulation with inflammatory
cytokines such as IL-21 and IL-23, thereby contributing to bone destruction [104]. However,
recent molecular analyses have demonstrated that the majority of RANKL-producing cells
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in RA synovium are FLS [105]. Interestingly, the inhibition of RANKL alone effectively
suppresses bone erosion but does not sufficiently control synovitis, suggesting that the
mechanisms of joint inflammation and bone destruction are at least partially distinct [106].

4. Conclusions

RA represents a paradigm of chronic inflammation in which cytokine networks orches-
trate the continuum from autoimmunity to synovitis and joint destruction. Our synthesis
of current evidence highlights that although TNF-& and IL-6 remain the most dominant
and therapeutically validated cytokines, a broader spectrum—including IL-1§3, IL-17,
BAFF/APRIL, type I IFN, and novel mediators identified by single-cell and proteomic
technologies—collectively shape disease progression. This complexity underscores why
blockade of a single cytokine may fail in a subset of patients and points to the need for
strategies that can modulate multiple signaling pathways simultaneously, as exemplified
by JAK inhibitors.

From the authors’ perspective, one of the most pressing frontiers is the preclinical
phase. Cytokine perturbations clearly precede the onset of arthritis, yet reliable biomarkers
that predict transition to overt disease remain elusive, and preventive interventions have
not been firmly established. Deeper exploration of this “window of opportunity,” through
longitudinal profiling and molecular stratification, may ultimately allow us to intercept
disease before irreversible tissue injury occurs. At the same time, heterogeneity within
the synovium—such as FLS subsets driving fibrosis, or pathogenic Tph/T-bet™ B cell
interactions sustaining chronicity—reminds us that RA is not a uniform condition. Future
therapies will likely need to account for such endotype-specific differences.

In conclusion, while cytokine-targeted therapies have already transformed RA man-
agement, the continued integration of omics technologies, spatial immunology, and clinical
observation holds the promise of a more precise and preventive approach. We envision
a future in which cytokine signatures not only guide treatment selection but also enable
early intervention strategies, redefining the trajectory of RA from inevitable progression to
a potentially preventable disease.
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Abstract

Chronic kidney disease (CKD) is a frequent and clinically significant comorbidity in pa-
tients with rheumatoid arthritis (RA), with a reported prevalence ranging from 20% to
50% depending on the cohort and definition applied. The high burden of CKD in RA
reflects the complex interplay between traditional risk factors (aging, hypertension, dia-
betes, and dyslipidemia) and RA-specific factors such as persistent systemic inflammation,
immune complex deposition, and long-term exposure to nephrotoxic agents, including
older DMARD:s (gold, D-penicillamine) and calcineurin inhibitors. Histopathologically,
RA-associated kidney involvement encompasses a broad spectrum of conditions, including
mesangial proliferative glomerulonephritis, membranous nephropathy, AA amyloido-
sis, and drug-induced interstitial nephritis. Recent advances in RA therapy, particularly
the widespread use of biologic DMARDs, have markedly reduced the incidence of AA
amyloidosis and may exert indirect renoprotective effects through stringent inflammation
control. However, targeted synthetic DMARDs such as Janus kinase (JAK) inhibitors re-
quire careful dose adjustment in CKD and heightened infection vigilance. CKD in RA
is a strong predictor of cardiovascular events, serious infections, and all-cause mortality.
Importantly, recent data indicate that even low-grade albuminuria below the traditional
microalbuminuria threshold is associated with excess mortality in RA. Early detection
through routine monitoring of eGFR and urinary albumin-to-creatinine ratio (uUACR),
combined with individualized pharmacologic adjustment and close collaboration with
nephrologists, is essential for optimizing long-term outcomes. This review provides an
updated synthesis of the epidemiology, pathophysiological mechanisms, therapeutic strate-
gies, and prognostic implications of CKD in RA, with a particular focus on both Japanese
and international evidence.

Keywords: rheumatoid arthritis; chronic kidney disease; renal impairment; inflammation;
biologics; TNF inhibitor; IL-6 inhibitor; JAK inhibitor; nephroprotection

1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune inflammatory disease that primar-
ily affects the synovial joints; however, its systemic nature often leads to extra-articular
manifestations, including renal involvement. Chronic kidney disease (CKD) has emerged
as a clinically relevant comorbidity in patients with RA, contributing to increased morbidity,
mortality, and therapeutic complexity. The prevalence of CKD among patients with RA is
significantly higher than that in the general population, with estimates ranging from 20%
to 50%, depending on the study design and definitions employed [1-3].
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Several mechanisms have been proposed to explain this increased susceptibility, in-
cluding traditional risk factors such as aging, hypertension, diabetes, and dyslipidemia,
as well as RA-specific factors such as persistent systemic inflammation, long-term use of
nephrotoxic agents such as nonsteroidal anti-inflammatory drugs (NSAIDs), and adverse
effects of disease-modifying anti-rheumatic drugs (DMARDs) [1,4,5]. The histopathological
findings in RA-associated nephropathy are diverse, ranging from mesangial proliferative
glomerulonephritis and membranous nephropathy to AA amyloidosis and drug-induced
tubulointerstitial nephritis [6-9].

Advances in RA management, particularly the widespread use of biological and tar-
geted synthetic DMARDs, have improved disease control and may help mitigate renal
complications in patients with RA. Interleukin-6 (IL-6) inhibitors have shown promise in
preserving renal function, particularly in patients with AA amyloidosis [10-12]. Neverthe-
less, the presence of CKD complicates therapeutic decision-making and requires careful
dose adjustment and interdisciplinary collaboration.

This review aimed to provide a comprehensive overview of the epidemiology, patho-
physiology, clinical management strategies, and prognostic implications of CKD in pa-
tients with RA by synthesizing evidence from clinical studies and basic research across
diverse populations.

2. Methods (Literature Search Strategy)

This narrative review was conducted based on a comprehensive literature search
of PubMed and Embase databases. The search included articles published up to March
2025. The following key terms and their combinations were used: “rheumatoid arthritis”,
“chronic kidney disease”, “renal impairment”, “albuminuria”, “biologic DMARDs”, “IL-6
inhibitor”, “TNF inhibitor”, “JAK inhibitor”, “SGLT2 inhibitor”, and “glomerulonephritis”.

Only English-language articles were included. Both observational and interventional
studies, as well as relevant systematic reviews and meta-analyses, were considered. Case
reports were included only when they provided mechanistic insights or addressed rare
renal manifestations. Editorials and non-peer-reviewed articles were excluded. Reference

lists of key publications were also manually screened to identify additional relevant studies.

3. Epidemiological Background

Chronic kidney disease (CKD) is increasingly recognized as a frequent and clinically
significant comorbidity in patients with RA. Epidemiological studies have reported a wide
range of CKD prevalence in RA, with rates varying from 20% to 50%, depending on the
population and diagnostic criteria used [3]. For example, the French COMEDRA cohort
reported that 8.8% of patients with RA had an estimated glomerular filtration rate (eGFR)
below 60 mL/min/1.73 m? and 9% had proteinuria [1]. In a Japanese retrospective cohort
study of 1077 patients with RA, the baseline prevalence of CKD, defined as an eGFR <60 or
proteinuria >1+, was 24.5%, and the cumulative incidence over 10 years was 60% [2].

The growing burden of CKD in patients with RA is partly attributable to the aging
RA population and improved survival resulting from early diagnosis and better disease
control. Indeed, the average age of patients with RA has been rising globally, and comorbid
conditions such as hypertension and diabetes, which are key risk factors for CKD, are
more prevalent in older adults. Long-term follow-up studies have shown that patients
with RA are more likely to progress to CKD than age- and sex-matched non-RA controls.
For instance, in a 20-year cohort study, approximately 25% of patients with RA developed
an eGFR < 60, compared to 20% in non-RA individuals [13].

Several risk factors for the development and progression of CKD in patients with
RA have been identified. A multicenter Japanese study demonstrated that advanced age
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(>65 years; odds ratio [OR], 5.19), hypertension (OR, 3.05), diabetes mellitus (OR, 1.52),
dyslipidemia (OR, 1.53), and higher cumulative glucocorticoid exposure (OR, 1.45) were
independently associated with a reduced eGFR [4].

In addition, the frequent use of nonsteroidal anti-inflammatory drugs (NSAIDs) in-
creases the risk of new-onset CKD by approximately 1.4-fold and may increase all-cause
mortality [1]. Genetic susceptibility may further influence the risk of developing CKD.
For example, the HLA-DRB1*DR6 allele is associated with a higher CKD prevalence in
Japanese patients with RA [14].

A substantial proportion of patients with RA exhibit low-grade albuminuria, and
values below the traditional microalbuminuria range may provide prognostic information
for these patients. In the National Health and Nutritional Examination Surveys (NHANES)
from 1999 to 2018, the uACR-mortality curve in RA showed an L-shaped threshold near
~6 mg/g, suggesting that “normal-high” albuminuria warrants attention [15]. Independent
cohorts have also been associated with microalbuminuria (uACR 30-300 mg/g) and higher
mortality [16]. These data support the incorporation of albuminuria, not just eGFR, into
risk appraisal.

From a measurement standpoint, Kidney Disease: Improving Global Outcomes
(KDIGO) 2024 recommends staging CKD according to eGFR categories (G1-G5) and albu-
minuria categories (A1-A3), emphasizing periodic screening in at-risk populations in which
annual eGFR/uACR is reasonable, and more frequent testing is justified in patients with
active disease, nephrotoxic analgesic use, or existing CKD [17-19]. Finally, the therapeutic
era matters: the decline of AA amyloidosis with modern anti-cytokine strategies likely
alters the renal epidemiology of RA; however, drug-related nephrotoxicity (e.g., chronic
NSAID exposure) remains a modifiable contributor to the CKD burden [17,20].

In Japanese data, concomitant CKD independently increased the risk of hospitalized
infections among patients with RA, and infections (including sepsis) were the leading
reasons for Intensive Care Unit (ICU) admission in a Japanese ICU cohort of patients with
RA, underscoring infection vulnerability when renal impairment coexists [21,22].

Together, these findings suggest that both traditional and RA-specific factors interact
to increase the risk of CKD in patients with RA. In particular, older patients with RA have
a higher prevalence of renal impairment than younger patients. However, recent evidence
suggests that maintaining a low disease activity may attenuate the rate of eGFR decline. A
large prospective study showed that patients with RA with sustained low disease activity
had slower renal function loss than those with high disease activity, highlighting the
importance of inflammation control in preserving renal outcomes [23]. Over the past two
decades, improved survival in patients with RA due to earlier diagnosis and the adoption
of treat-to-target strategies has paradoxically increased the clinical burden of age-related
comorbidities, including CKD. In Japan, the average age of patients with RA has increased
considerably, further amplifying the impact of age-associated renal risks.

4. Pathophysiology

Renal involvement in RA occurs through both inflammatory and drug-induced mech-
anisms. Systemic inflammation in RA leads to elevated circulating cytokines, such as tumor
necrosis factor-alpha (TNF-«) and IL-6, which contribute to glomerular injury, vascular dys-
function, and interstitial fibrosis. IL-6 levels are markedly elevated in advanced CKD and
play a key role in promoting proteinuria, glomerular permeability, and renal fibrosis [24].
Cytokine-induced disruption of the glomerular basement membrane (GBM) can cause
podocyte injury and loss of charge selectivity, resulting in proteinuria [25-27]. Beyond
serving as a marker of glomerular injury, proteinuria itself actively contributes to the pro-
gression of kidney damage. Excessive filtration of albumin leads to its uptake by proximal
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tubular epithelial cells via endocytic pathways, triggering cellular stress responses and the
release of pro-inflammatory and pro-fibrotic mediators. Extracellular vesicles (EVs), includ-
ing exosomes as a major subclass, have emerged as important mediators of intercellular
communication in the kidney. Experimental and translational studies have demonstrated
that albumin overload induces the release of these EVs from tubular epithelial cells. These
vesicles carry cytokines, chemokines, and microRNAs that propagate local inflammation,
activate interstitial fibroblasts, and promote tubulointerstitial fibrosis. Thus, albuminuria
represents not only a consequence of glomerular injury but also a direct driver of tubular
inflammation and chronic kidney disease progression [26,27].

In RA, chronic systemic inflammation contributes directly to glomerular and tubu-
lointerstitial injuries. Activated T lymphocytes and macrophages infiltrate the glomeruli
and release cytokines, such as IL-6, TNF-«, and interferon-y. These mediators enhance the
permeability of the glomerular basement membrane (GBM), leading to protein leakage and
mesangial activation. Immune complexes containing rheumatoid factor or anti-citrullinated
protein antibodies may deposit along the subepithelial or mesangial regions, triggering
complement activation and subsequent podocyte injury.

Furthermore, podocytes can internalize IgG via the neonatal Fc receptor (FcRn), am-
plifying local inflammation and proteinuria. Collectively, these immunological events
promote mesangial proliferation, endothelial activation, and progressive glomerular dam-
age, as illustrated in Figure 1.
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“.‘ of immune complexes
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Increased permeability of —
the GBM induced by
activated T lymphocytes
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Mesangial IgA deposition with
mesangial cell proliferation

Mesangial cell Endothelial cell Glomerular basement
membrane (GBM)

Figure 1. Immunological mechanisms of renal injury in rheumatoid arthritis. The diagram illustrates
mesangial IgA deposition, mesangial proliferation, cytokine-mediated glomerular permeability, and
subepithelial immune complex accumulation. Activated T cells and inflammatory cytokines damage
the glomerular basement membrane (GBM) and podocytes, while FcRn-mediated IgG trafficking
perpetuates proteinuria. Abbreviations: GBM, glomerular basement membrane; FcRn, neonatal Fc
receptor; IgG, immunoglobulin G; IgA, immunoglobulin A.

4.1. Immune-Complex-Mediated Renal Injury in Rheumatoid Arthritis

Renal involvement in rheumatoid arthritis (RA) has traditionally been attributed
to immune-complex-mediated mechanisms. Circulating immune complexes containing
rheumatoid factor and other autoantibodies may deposit within glomerular structures,
leading to complement activation and inflammatory cell infiltration. Histopathological
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studies have demonstrated that membranous nephropathy and mesangial proliferative
glomerulonephritis represent typical renal manifestations associated with these immune-
mediated processes in RA [7,9]. Although the overall incidence of such classical immune-
complex-mediated glomerular lesions has declined in the biologic era, these entities remain
relevant, particularly in patients with long-standing or inadequately controlled disease [2,
4].

4.2. AA Amyloidosis in the Biologic Era

AA amyloidosis has historically been a major cause of chronic kidney disease (CKD)
and progression to end-stage renal disease in patients with poorly controlled RA. Persistent
systemic inflammation results in sustained elevation of serum amyloid A, which promotes
amyloid deposition within renal tissue and leads to progressive proteinuria and renal
dysfunction [28]. The introduction and widespread use of biologic DMARDs, especially IL-
6 inhibitors, have dramatically reduced the incidence and progression of AA amyloidosis
in RA, as demonstrated in both Japanese and international cohorts [9-11]. Nevertheless,
AA amyloidosis remains clinically relevant in selected patient populations, including those
with delayed diagnosis, limited access to biologic therapy, or refractory inflammatory
disease [12].

4.3. Drug-Induced Renal Injury and Nephrotoxicity

Drug-related nephrotoxicity continues to play an important role in the development
and progression of CKD in patients with RA. Nonsteroidal anti-inflammatory drugs are well
recognized to cause hemodynamic renal injury through inhibition of prostaglandin synthe-
sis, leading to reduced renal perfusion and acute or chronic kidney dysfunction [29]. In addi-
tion, older disease-modifying anti-rheumatic drugs, such as gold salts and D-penicillamine,
have been associated with immune-mediated interstitial nephritis and proteinuric renal
disease [30]. Calcineurin inhibitors, including tacrolimus, may induce dose-dependent
nephrotoxicity through sustained vasoconstriction, endothelial dysfunction, and promotion
of renal fibrosis, particularly with long-term exposure [31]. These observations underscore
the importance of careful drug selection and regular renal monitoring in patients with RA,
especially those with pre-existing CKD.

4.4. Emerging Molecular Pathways Linking RA-Associated Inflammation and Renal Injury

Beyond classical immune-complex-mediated mechanisms, recent experimental studies
have highlighted several molecular pathways that may bridge systemic inflammation and
renal parenchymal injury in RA. Oxidative stress and activation of the renin—angiotensin
system contribute to endothelial dysfunction, podocyte injury, and progressive glomeru-
losclerosis [32]. Inflammatory signaling through the IL-17-ERK/AKT pathway has been
implicated in amplifying mesangial cell proliferation and tubular epithelial damage [33,34].
In addition, activation of the Wntl/[3-catenin pathway promotes fibroblast activation and
renal interstitial fibrosis, thereby accelerating CKD progression [35].

At present, most supporting evidence for these pathways derives from experimental
and preclinical studies, and their direct relevance to human RA-associated CKD requires
validation through future translational and clinical investigations.

4.5. Summary of Mechanistic Pathways

Taken together, RA-associated renal injury reflects a complex interplay between
immune-complex deposition, chronic inflammation, drug-related nephrotoxicity, and
emerging molecular pathways that promote endothelial dysfunction and renal fibrosis.
These mechanisms are summarized schematically in Figure 2 and provide a biological
rationale for early inflammation control and integrated renoprotective strategies.
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Figure 2. Conceptual framework illustrating the pathophysiological links between rheumatoid
arthritis (RA) and chronic kidney disease (CKD). This figure summarizes the major mechanisms
contributing to renal injury in RA, encompassing immune-mediated pathways (such as chronic
systemic inflammation and autoantibody- or immune-complex-mediated glomerular injury) as well
as non-immunologic mechanisms, including endothelial dysfunction, hemodynamic stress, and
cardiometabolic factors. The framework highlights the bidirectional interaction between RA dis-
ease activity and CKD progression, integrating inflammatory and hemodynamic processes within
a unified conceptual model. In addition, proteinuria is depicted as an active pathogenic mediator,
whereby excessive albumin uptake by tubular epithelial cells induces the release of extracellu-
lar vesicles, including exosomes, which amplify local inflammation and fibrotic responses within
the tubulointerstitium.

5. Treatment and Management

Managing RA in patients with coexisting CKD requires a dual approach: effective
control of systemic inflammation to prevent further renal injury, and tailored adjustment
of pharmacologic regimens to preserve kidney function and avoid drug-induced nephro-
toxicity. Tight disease control has been shown to slow the decline in renal function in RA,
supporting the treat-to-target strategy, even in patients with impaired kidney function [23].

5.1. Adjustment of Anti-Rheumatic Medications

Methotrexate (MTX), a cornerstone drug used in RA management, is primarily ex-
creted renally. In patients with CKD, especially those with eGFR < 30 mL/min/1.73 m?,
MTX accumulation can lead to serious toxicity, such as bone marrow suppression, necessi-
tating dose reduction or discontinuation [36,37]. Leflunomide, which is hepatically metabo-
lized, should be used with caution in patients with CKD, although its active metabolite
can accumulate in advanced renal dysfunction [38]. Sulfasalazine and hydroxychloro-
quine have relatively favorable renal safety profiles and may be continued in mild to
moderate CKD, although adjustments may be required in end-stage renal disease or
dialysis [37,39-41].

Calcineurin inhibitors, such as tacrolimus, although used in some refractory RA
cases, should generally be avoided in patients with progressive CKD because of their
dose-dependent nephrotoxicity [37,42]. If renal impairment develops during treatment,
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alternative treatment agents should be considered. Glucocorticoids require careful tapering
because prolonged use can exacerbate hypertension and diabetes, indirectly worsening
renal outcomes [2]. The risk of infection with glucocorticoid therapy has also increased in
patients with CKD.

5.2. Pain Management and NSAID Use

Nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly used for pain control
in RA; however, they pose a significant risk to patients with CKD. NSAIDs impair glomeru-
lar perfusion by inhibiting prostaglandin synthesis, potentially leading to acute kidney
injury (AKI), particularly in the context of volume depletion or coadministration with
renin—angiotensin system inhibitors. Chronic NSAID use can cause interstitial nephritis
and accelerate the progression of CKD. Therefore, NSAIDs should be minimized or avoided
when possible, and if used, they should be prescribed at the lowest effective dose for the
shortest duration, with close monitoring of renal function, urine output, and blood pres-
sure [17]. Acetaminophen and weak opioids may be considered as alternative analgesics,
with dose adjustments based on renal clearance.

5.3. Renal Protective Strategies (Clinical Implementation)

A risk-based CKD care plan aligned with KDIGO 2024 guidelines should be incor-
porated into routine RA management. First, we recommend at least annual eGFR and
uACR screening (more frequent screening is required in patients with active disease,
pre-existing CKD, or nephrotoxin exposure) and stage by G1-G5 and A1-A3 to guide
risk-based care [18,19]. Because low-range albuminuria already has prognostic value
in RA, “high-normal” uACR should be considered, even when eGFR is preserved [15].
Blood pressure should be controlled according to the guideline targets using angiotensin-
converting enzyme (ACE) inhibitors/angiotensin receptor blockers (ARBs) for albuminuric
CKD unless contraindicated [18,19]. Analgesia should be NSAID-sparing. If NSAIDs are
unavoidable, the lowest effective dose should be used for the shortest duration with renal
monitoring [17].

Renal dosing, avoidance criteria, and recommended monitoring parameters (e.g., complete
blood count and serum creatinine for methotrexate) for non-JAK anti-rheumatic agents are
summarized in Table 1 (see Table 2 for Janus kinase (JAK) inhibitors).

Table 1. Anti-rheumatic drugs in CKD (non-JAK): dosing/avoidance and renal considerations.
Notes: Renal dosing needs and class-specific caveats are summarized; for JAK inhibitors, see Table 2.
Abbreviations: AA amyloidosis, amyloid A amyloidosis; CBC, complete blood count; CKD, chronic
kidney disease; eGFR, estimated glomerular filtration rate; NSAIDs, nonsteroidal anti-inflammatory
drugs; TNF, tumor necrosis factor.

Use in Advanced

Drug Renal Adjustment CKD (eGFR < Monitoring Key Comments
30) Parameters
Methotrexate Reduce dose or extend Avoid CBC; serum Accumulation risk;
interval at eGFR 30-59 creatinine myelosuppression

Active metabolite

No adjustment usually long half-life; limited

Liver enzymes; CBC;

Leflunomide Use with caution

required renal function CKD data
Sulfasalazine NO adjustment in Use with caution ~ CBC; renal function Rare 1nte1"s.t1t1a1
mild-moderate CKD nephritis
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Table 1. Cont.

Use in Advanced

Drug Renal Adjustment CKD (eGFR < Monitoring Key Comments
Parameters
30)
No adiustment usuall Renal function; Partial renal
Hydroxychloroquine J required Y Use with caution ophthalmologic clearance; retinal
4 exam toxicity
Glucocorticoids .
(low-moderate No adjustment required Can be used Blood p ressures Long-term mgtabohc
glucose; infection and CV risk
dose)
NSAIDs Avoid or minimize use Avoid Serum creatinine; AKI risk; (.:KD
electrolytes progression
. Dose adjustment . Serum creatinine; Dose-dependent
Tacrolimus . Avoid .
required trough level nephrotoxicity
TNF inhibitors No adjustment required Can be used Renal function No 1ntr1n'31.c
nephrotoxicity
IL-6 inhibitors No adjustment required Can be used Renal function; CRP Benef1c1a.l for.AA
amyloidosis

Abatacept

No adjustment required

Can be used

Renal function

Favorable renal

safety profile

Table 2. JAK inhibitors: suggested dosing based on renal function in RA. Notes: Dose adjustment
recommendations are based on eGFR and refer to adult patients with RA. In patients with advanced
CKD, particularly eGFR < 30 mL/min/1.73 m?, the use of JAK inhibitors should be approached
with caution or avoided, depending on the specific agent, due to limited clinical data and altered
pharmacokinetics. Baricitinib requires the most stringent renal dose adjustment because of predomi-
nant renal elimination, whereas upadacitinib and tofacitinib rely mainly on hepatic metabolism with
less renal clearance. Peficitinib is primarily metabolized hepatically and may be used without dose
adjustment in mild to moderate CKD; however, evidence in advanced CKD remains limited. Abbrevi-
ations: AKI, acute kidney injury; CKD, chronic kidney disease; eGFR, estimated glomerular filtration
rate; JAK, Janus kinase; NSAID, nonsteroidal anti-inflammatory drug; RAAS, renin—angiotensin—
aldosterone system.

Inl{ﬁ)liior Renal Elimination Dose Adjustment in CKD Use i?eéi‘llialzca‘e ;1) CKD Clzzz;;eizifiis
Baricitinib High (~70-75%)  Reduce dose at eGFR30-59  Not recommended ‘Al‘\lfsl /i%sf”éi‘ :;’B’fgﬁ;ﬁ’:
Tofacitinib Moderate (~30%) Reduce dose at eGFR < 60 Not recommended Stable eiﬁﬁ;gl Hliraiss;smonitor

Uiy towviary MW i mid Ll deadn

Filgotinib Moiiizliil(izgive Reduce dose at eGFR < 60 Not recommended Limifgvgrlfcz ddg[ég void

revcinto Mmmalcasg  Nodematn Uit T T b ety

When indicated, sodium-glucose cotransporter 2 (SGLT2) inhibitors can be considered
for albuminuric CKD with adequate eGFR, regardless of diabetes status, to slow CKD pro-
gression and reduce cardio—renal events, following product-specific eGFR thresholds, and
monitor for volume depletion and mycotic infections [18,43,44]. Glucagon-like peptide-1
(GLP-1) receptor agonists are appropriate for patients with type 2 diabetes/obesity and
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high cardiovascular risk, and may provide kidney benefits (e.g., slower albuminuria pro-
gression); they should be considered alongside SGLT2 inhibitors when appropriate [45,46].
Comprehensive multimorbidity management, including lipids, glycemia, weight, smoking
cessation, and vaccination (e.g., zoster), is essential to mitigate infection and cardiovascu-
lar risk in patients with CKD and those undergoing immunomodulatory therapy [18,19].
Early rheumatology—nephrology co-management is recommended when patients reach
CKD stage G3b—G5 and/or exhibit persistent albuminuria of category A2 or higher, as
these thresholds identify individuals at substantially increased risk of progression and
complications [18,19].

A pragmatic treatment pathway integrating risk staging, DMARD selection, and
cotherapy is outlined in Figure 3.

Management of Renal Involvement in Rheumatoid Arthritis

l Nephrology co-management for CKD stages G3b-G5
GFR<45 i d istent albuminuri
Controlling the activity of RA as a & mlimisl) andiprpersisteot albuminriz
driver of CKD progression ‘ ‘
e rer o Minimize other
‘ Minimize kidney workload Kidney injuries
Immunomodulatory Low salt diet RAASi Smoking cessation
interventions with disease- m—
modifying drugs Avoid high- SGLT2i Avoid nephrotoxic
protein diet agents
GLPla NSAIDs, PPIL
csDMARDs (dose—adjusted) BMI<25 MRA ( S, S,
— ERA calcineurin inhibitors)
bDMARDs Target blood i
o . pressure: Diabetes - y o
JAK inhibitors (dose-adjusted) 120/80 poehi | : ge;:;s;?;; Zl:mnuna >A2
® Rapid eGFR decline
Assess and monitor - ® Immunosuppressive
AKI risk/episode escalation planned

Check vaccination status
(influenza, pneumococcal, zoster)

Figure 3. Management pathway for chronic kidney disease in patients with rheumatoid arthritis. This
figure illustrates a stepwise management strategy for CKD in patients with RA, integrating immuno-
logic disease control with renoprotective interventions. Initial risk stratification is based on estimated
glomerular filtration rate and albuminuria category. Rheumatology-nephrology co-management
is recommended for patients with CKD stage G3b—G5 and/or persistent albuminuria of category
A2 or higher albuminuria (uUACR > 30 mg/g). Acute kidney injury risk factors, including NSAID
exposure, dehydration, infection, and combined renin—angiotensin system blockade, should be ac-
tively assessed. Diagnostic kidney biopsy should be considered in cases of persistent albuminuria,
unexplained AKI, or progressive renal dysfunction. Vaccination against influenza, pneumococcus,
and herpes zoster is recommended prior to initiation of biologic or JAK inhibitor therapy whenever
feasible. RA, rheumatoid arthritis; CKD, chronic kidney disease; csDMARDs, conventional synthetic
disease-modifying anti-rheumatic drugs; bPDMARDs, biologic DMARDs; JAK, Janus kinase; RAAS;,
renin—angiotensin—aldosterone system inhibitors; SGLT2i, sodium-glucose cotransporter 2 inhibitors;
GLP-1a, glucagon-like peptide-1 receptor agonists; MRA, mineralocorticoid receptor antagonists;
ERA, endothelin receptor antagonists; NSAIDs, nonsteroidal anti-inflammatory drugs; PPIs, proton
pump inhibitors.

5.4. Acute Kidney Injury, Kidney Biopsy, and Vaccination Strategies

Acute kidney injury represents an important but often underrecognized complication
in patients with RA, particularly in the context of dehydration, infection, NSAID exposure,
or combined renin—angiotensin system blockade [1,17]. Episodes of AKI may accelerate
long-term CKD progression and adversely affect overall prognosis.
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Regarding diagnostic evaluation, kidney biopsy should be actively considered in
patients with RA who present with persistent albuminuria of category A2 or higher
(uACR > 30 mg/g), especially when the etiology is unclear, proteinuria is progressive, or im-
munosuppressive therapy is being escalated. Biopsy is also indicated in cases of unexplained
AKI, rapidly progressive renal dysfunction, or suspected glomerulonephritis [18,19].

Because both immunosuppression and CKD heighten infection risk, vaccination plays
a pivotal role in clinical management. Seasonal influenza, pneumococcal, and recombinant
zoster vaccines should be administered according to international recommendations, ideally
prior to initiation of biologic or JAK inhibitor therapy [47-50].

5.5. RA Treatment in Dialysis or Transplant Settings

Patients with RA undergoing dialysis require active disease management. As MTX
and tacrolimus are contraindicated in end-stage kidney disease (ESKD), treatment regimens
typically center on glucocorticoids and biologic agents. In patients with advanced CKD
or those on dialysis, biologics do not require renal dose adjustment and demonstrate high
treatment retention; vigilance for infection remains essential [51,52]. Balancing immunosup-
pressive therapy with disease control is challenging for kidney transplant recipients with
RA. Escalating glucocorticoid doses should be avoided, if possible, and biologic DMARDs
should be introduced to maintain disease remission while minimizing additional im-
munosuppression. Individualized treatment planning through rheumatology-nephrology
collaboration is essential for optimizing both graft survival and RA control [37].

5.6. SGLT?2 Inhibitors and GLP-1 Receptor Agonists: Mechanisms and Expected Benefits
(Rationale & Evidence)

SGLT?2 inhibitors reduce proximal tubular sodium-glucose reabsorption and restore
tubuloglomerular feedback, thereby lowering intraglomerular pressure, reducing albu-
minuria by approximately 30%, and attenuating renal inflammation and fibrosis, which
extend to diabetic and non-diabetic CKD [43]. GLP-1 receptor agonists improve weight,
blood pressure, lipid levels, and inflammatory adipokine signaling, providing atheroscle-
rotic cardiovascular risk reduction with kidney signals, including slower albuminuria
progression [45,46].

Randomized trials have demonstrated disease-modifying kidney effects of SGLT2
inhibitors: DAPA-CKD and EMPA-KIDNEY reduced the composite endpoints of sustained
eGFR decline, ESKD, or renal death, including non-diabetic CKD [43]. Large cardiovascular
outcome trials of GLP-1 receptor agonists (e.g., LEADER and SUSTAIN-6) have shown
reduced major adverse cardiovascular events (MACE) and albuminuria progression, with
accumulating evidence of kidney protection [45,46].

Direct RA-CKD randomized trials with renal endpoints are lacking; however, given
that the high cardiometabolic burden in RA and the prognostic impact of albuminuria,
translating CKD guideline strategies to RA, is reasonable, although disease-specific trials are
awaited [18,19,44,46]. Safety requires attention to volume depletion and mycotic infections
with SGLT2 inhibitors and gastrointestinal / gallbladder adverse events with GLP-1 receptor
agonists; choices should be individualized according to comorbidities and concurrent
DMARD:s [44,46]. Notably, biologic exposure is associated with a lower incidence of CKD
than non-biologic regimens, suggesting that inflammation control and SGLT2i/GLP-1 RA
co-therapies may be complementary in reducing residual cardiorenal risk [10,18,19,43-46].

6. Biologic and Targeted Therapies: Renal Implications of TNF
Inhibitors, IL-6 Inhibitors, and JAK Inhibitors

The advent of biological disease-modifying anti-rheumatic drugs ((DMARDs) and
targeted synthetic DMARDs (tsDMARDs) has revolutionized the treatment of rheumatoid
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arthritis (RA), offering improved joint outcomes and systemic benefits, including potential
renoprotection in patients with RA. As chronic inflammation is a key driver of renal
impairment in RA, suppression of pro-inflammatory cytokines may confer indirect but
meaningful renal protection.

6.1. TNF-« Inhibitors

TNF inhibitors such as infliximab and etanercept have long been used in RA treat-
ment. Their introduction significantly reduces systemic inflammation and acute-phase
reactants, thereby contributing to a dramatic decline in the incidence of secondary AA
amyloidosis [28]. A large retrospective cohort study using U.S. Veterans Affairs data
showed that the use of biological agents, including TNF inhibitors, was associated with a
lower incidence of CKD and a slower decline in the estimated glomerular filtration rate
(eGFR) compared to non-biological therapies. Specifically, the annual rate of eGFR decline
improved from —1.0 mL/min/1.73 m?/year to —0.4 mL/min/1.73 m?/year following the
initiation of biologic treatment [10].

Contemporary comparative data from a multicenter Japanese cohort similarly sug-
gested a renal benefit signal with TNF blockade: TNF inhibitors were linked to a lower
CKD incidence than CTLA4-Ig (abatacept) (HR 0.67, 95% CI 0.46-0.97) [53].

Although TNF inhibitors are generally well tolerated in patients with CKD, rare
cases of immune-mediated nephropathies, such as lupus-like nephritis and membranous
nephropathy, have been reported, likely due to shifts in immune regulation. Causal
inference is limited, but clinicians should monitor for new-onset proteinuria/hematuria
during therapy [8,54,55].

6.2. IL-6 Inhibitors

IL-6 plays a central role in inflammation, SAA production, and subsequent amyloid
deposition in AA amyloidosis. Tocilizumab, an anti-IL-6 receptor monoclonal antibody,
has demonstrated excellent efficacy in controlling systemic inflammation and reducing
SAA levels, making it particularly valuable in patients with RA and AA amyloidosis. In
a single-center analysis from Heidelberg, patients with renal amyloidosis treated with
tocilizumab had significantly better 5-year renal survival rates (71%) than those treated
with TNF inhibitors (28%) [12]. These findings suggest superior renal preservation with
IL-6 inhibition in the selected populations. Beyond amyloidosis, overall, biologic exposure
is associated with a lower incidence of CKD and slower eGFR decline than non-biologic
regimens in real-world data [10].

Tocilizumab is also advantageous in patients with CKD, where methotrexate coad-
ministration is contraindicated, as it is highly effective as monotherapy [51,52]. Moreover,
treatment persistence rates are higher with IL-6 inhibitors in patients with impaired renal
function [52].

6.3. JAK Inhibitors

Janus kinase (JAK) inhibitors, such as tofacitinib, baricitinib, peficitinib, upadacitinib,
and filgotinib, block the intracellular signaling of pro-inflammatory cytokines, including
IL-6, and exert potent anti-inflammatory effects when administered orally. Their clinical
utility has expanded substantially over the past decade; however, use in patients with
chronic kidney disease (CKD) requires careful consideration because of differences in renal
elimination, potential susceptibility to acute kidney injury (AKI), and an increased risk of
infection [24].
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6.3.1. Pharmacokinetics and Renal Elimination

Pharmacokinetic profiles differ substantially among currently available JAK inhibitors.
Baricitinib is predominantly eliminated through the kidneys, with approximately 70-75% of
the administered dose excreted unchanged in the urine, necessitating strict dose reduction
in patients with impaired renal function. In contrast, tofacitinib and upadacitinib are
metabolized primarily by hepatic pathways, with renal clearance accounting for a smaller
proportion of drug elimination, thereby allowing greater dosing flexibility in patients with
mild to moderate CKD.

Despite these differences, dose adjustment is generally recommended for all JAK in-
hibitors when estimated glomerular filtration rate (eGFR) falls below 60 mL/min/1.73 m?,
and most agents are contraindicated or not recommended in advanced CKD
(eGFR < 30 mL/min/1.73 m?), depending on the specific compound and regulatory guidance.

6.3.2. Renal Safety and Risk of Acute Kidney Injury

Evidence from large randomized controlled trials and post-marketing surveillance
suggests that JAK inhibitors are not intrinsically nephrotoxic, and sustained declines in
eGFR are uncommon under stable clinical conditions [53]. However, AKI may occur
indirectly, particularly in vulnerable clinical settings. Episodes of infection, fever-related
volume depletion, concomitant use of nonsteroidal anti-inflammatory drugs, or combined
renin—angiotensin system blockade may predispose patients receiving JAK inhibitors to
transient renal dysfunction.

Accordingly, baseline assessment and periodic monitoring of serum creatinine
and eGFR are essential, especially during treatment initiation, dose escalation, and
intercurrent illness.

6.3.3. Infection Risk and Herpes Zoster in Patients with CKD

One of the most clinically relevant safety concerns associated with JAK inhibitors
is the increased risk of herpes zoster, which consistently exceeds that observed with
biologic DMARDs [50]. This risk is further amplified in patients with CKD, who exhibit
baseline immune dysregulation and impaired antiviral immunity. Advanced age, renal
impairment, and JAK inhibitor therapy act synergistically to increase the likelihood of
severe or disseminated zoster infection.

For this reason, recombinant zoster vaccination should be strongly recommended
prior to initiation of JAK inhibitor therapy, particularly in patients with CKD, in accordance
with international vaccination guidelines [50].

6.3.4. Comparative Renal Safety Among JAK Inhibitors

Agent-specific pharmacokinetic differences have important clinical implications for
renal safety. Baricitinib requires the most stringent renal dose adjustment because of its high
dependence on renal elimination, whereas upadacitinib demonstrates the least reliance on
renal clearance among currently approved agents. These distinctions should be explicitly
considered when selecting therapy for patients with CKD.

At present, no randomized controlled trials have directly compared renal outcomes
among different JAK inhibitors in CKD-stratified RA populations. Available data are
derived largely from post hoc analyses and observational studies, underscoring the need
for cautious interpretation.

6.3.5. Integration with CKD-Specific Management

In patients with RA and CKD, JAK inhibitors should generally be positioned after
optimization of conventional synthetic and biologic DMARD therapy. Treatment selection
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should incorporate individualized dose adjustment based on eGFR, careful avoidance of
concurrent nephrotoxic exposures, and close collaboration with nephrologists in patients
with CKD stage G3b or higher. The dose-adjustment principles summarized in Table 2
provide a practical framework for daily clinical practice.

6.3.6. Evidence Gaps and Future Perspectives

Despite the widespread use of JAK inhibitors, robust evidence regarding their long-
term renal safety or potential renoprotective effects remains limited. Most pivotal trials
excluded patients with advanced CKD and did not incorporate renal endpoints, such as
albuminuria progression or AKI incidence, as primary outcomes. Future prospective RA
trials incorporating CKD-specific endpoints and stratified analyses by renal function are
urgently needed to inform optimal use of JAK inhibitors in this high-risk population.

The renal dose adjustments for JAK inhibitors are summarized in Table 2.

7. Prognosis and Outcomes
7.1. eGER Trajectories and Predictors

Higher RA disease activity is consistently associated with faster eGFR decline, un-
derscoring the renoprotective value of tight inflammatory control [23]. Traditional deter-
minants, such as age, hypertension, diabetes, and established CVD, remain salient, but
inflammatory biomarkers (e.g., CRP) and albuminuria provide incremental prognostic
information in RA [5,15]. Longitudinal data indicate that a meaningful minority of patients
with RA transition from preserved function to CKD over time; for example, eGFR < 60
accrued to ~15% at 10 years and ~25% at 20 years in a classic cohort [13].

7.2. Progression to End Stage Kidney Disease (ESKD)

RA increases the risk of kidney failure at the population level. In a nationwide
Korean cohort of >930,000 individuals, the incidence of ESKD was 0.81 vs. 0.37 per
1000 person-years in patients with RA versus non-RA, yielding an adjusted HR of 2.10
(95% CI 1.90-2.31) over 7.6 years; thus, the absolute annual risk was low (~0.08%), but
the relative risk was roughly doubled [56]. The excess appears more pronounced in
younger patients with RA and those with fewer baseline comorbidities, implying that
inflammatory mechanisms rather than competing risks dominate in some subgroups [56].
Secondary AA amyloidosis historically accounts for a share of kidney failure in RA; with
biologic therapies, its incidence and renal progression have declined, but vigilance remains
warranted in persistently inflamed diseases [20].

7.3. Cardiovascular Events and Mortality in RA with CKD

There is a vascular risk of CKD compounds in RA. In a Taiwanese nationwide
RA cohort, the presence of CKD was associated with incident ischemic heart disease
HR 1.57 (95% CI 1.38-1.79) and stroke HR 1.24 (1.06-1.43) versus RA without CKD [57]. In
a Japanese RA cohort, CKD was a predictor of all-cause mortality (HR 1.64 [1.05-2.57]),
which increased to HR 4.76 (2.24-9.51) in very high-risk CKD [2]. These data emphasize
the need for integrated cardio—renal risk reduction (blood pressure, lipids, glycemia, and
smoking cessation) along with inflammation control [4].

7.4. Albuminuria as an Early Prognostic Signal

In patients with RA, albuminuria poses a risk even at low levels. In the NHANES
1999-2018, the uACR-mortality relationship displayed an L-shaped threshold near 6 mg/g;
above this level, mortality rose steadily [15]. Additional cohorts have reported approxi-
mately 1.5-fold higher mortality with microalbuminuria (30-300 mg/g) [16]. Clinically,
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routine uACR testing complements eGFR, improves stratification, and can trigger early
renoprotective measures.

7.5. Clinical Take-Home Themes

Several themes emerged from these data. First, higher RA disease activity is consis-
tently associated with a steeper decline in kidney function, underscoring the importance
of inflammation control as a renoprotective strategy [23]. Second, albuminuria carries
prognostic weight even at low ranges. RA cohorts show an L-shaped association between
uACR and mortality, with a threshold of approximately 6 mg/g, and microalbuminuria
(30-300 mg/g) confers additional risk [15]. Third, although the absolute annual incidence
of ESKD among patients with RA is low (~0.08% in contemporary nationwide data), the
relative risk is approximately double compared to that in individuals without RA [56].
Fourth, the coexistence of CKD and RA amplifies downstream events, with higher rates
of cardiovascular complications and all-cause mortality than in RA without CKD [2,57].
Finally, therapeutic decision-making should adopt KDIGO-aligned, cardio-renal-conscious
care—routine eGFR and uACR monitoring, ACEi/ARB for albuminuric disease, and
NSAID-sparing analgesia—while integrating co-therapies such as SGLT2 inhibitors or
GLP-1 receptor agonists when indicated [18,19,44,46].

8. Future Directions and Unmet Needs

Despite growing recognition of the close bidirectional relationship between rheuma-
toid arthritis (RA) and chronic kidney disease (CKD), several critical knowledge gaps
remain. To date, most randomized controlled trials of disease-modifying anti-rheumatic
drugs (DMARDs) have systematically excluded patients with advanced CKD, and renal
outcomes have rarely been incorporated as primary or key secondary endpoints. Con-
sequently, evidence guiding treatment decisions in this high-risk population is largely
extrapolated from non-CKD cohorts. Future RA trials should therefore prospectively in-
tegrate CKD-specific outcomes, including longitudinal changes in estimated glomerular
filtration rate (eGFR) slope, albuminuria trajectories, and the incidence of acute kidney
injury (AKI), in line with contemporary nephrology trial frameworks.

Second, CKD-stratified trial designs are urgently needed to clarify the comparative
renal safety and potential renoprotective effects of biologic and targeted synthetic DMARDs
across different stages of kidney dysfunction. Observational studies suggest heterogeneity
in renal risk profiles among tumor necrosis factor inhibitors, IL-6 inhibitors, and Janus
kinase inhibitors, but robust head-to-head comparisons with renal endpoints are lack-
ing. Stratification by CKD stage would allow more precise and individualized treatment
selection in vulnerable populations with RA.

Third, emerging multi-omics technologies, including single-cell transcriptomics, spa-
tial transcriptomics, and proteomics, provide unprecedented opportunities to dissect the
cellular and molecular crosstalk between synovial inflammation and renal parenchymal
injury. Recent applications of spatially resolved transcriptomic approaches in kidney
disease have revealed distinct inflammatory and fibrotic niches that cannot be captured
by bulk analyses. Integration of these advanced technologies with well-phenotyped RA
cohorts may enable the identification of novel biomarkers and therapeutic targets specific
to RA-associated CKD, thereby facilitating translational advances from bench to bedside.

Finally, interventional strategies explicitly targeting cardio—reno—metabolic risk war-
rant focused investigation in RA-specific CKD populations. Large cardiovascular and renal
outcome trials have demonstrated that sodium—glucose cotransporter 2 inhibitors and
glucagon-like peptide-1 receptor agonists confer substantial renoprotective and cardiopro-
tective benefits in patients with CKD and diabetes or cardiovascular disease. However,
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patients with systemic inflammatory diseases such as RA have been underrepresented
in these studies. Prospective trials evaluating these agents in RA-associated CKD may
establish a new paradigm of integrated immunologic and renoprotective management.

9. Conclusions

Chronic kidney disease (CKD) is a frequent and clinically meaningful comorbidity in
patients with rheumatoid arthritis, driven by the combined effects of traditional cardio—-
renal risk factors, persistent systemic inflammation, immune-mediated renal injury, and
cumulative drug exposure. Even low-grade albuminuria below conventional microalbu-
minuria thresholds carries prognostic significance in RA, underscoring the importance of
early detection.

Modern RA therapies have substantially reduced the burden of AA amyloidosis and
may indirectly confer renal protection through tight inflammatory control. However, dose
adjustment and vigilant safety monitoring remain mandatory for several DMARD classes,
particularly JAK inhibitors and calcineurin inhibitors.

Routine surveillance of eGFR and uACR, risk-adapted pharmacologic adjustment,
timely nephrology co-management, and individualized decisions regarding kidney biopsy
are central to optimizing long-term outcomes.

Future RA research must move beyond joint-centered endpoints to incorporate renal
and cardio-renal endpoints, thereby establishing truly integrated care strategies for this
high-risk population.
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Abstract: Background/Objectives: The Janus kinase inhibitors (JAKi) tofacitinib (TOFA), baricitinib
(BARI), upadacitinib (UPA), and filgotinib (FILGO) are effective drugs for the treatment of rheumatoid
arthritis. However, the US Food and Drug Administration (FDA) raised concerns about the safety of
TOFA after its approval. This prompted the European Medicines Agency (EMA) to issue two safety
warnings for limiting TOFA use, then extended a third warning to all JAKi in patients at high risk of
developing serious adverse effects (SAE). These include thrombosis, major adverse cardiac events
(MACE), and cancer. The purpose of this work was to analyze how the first two safety warnings
from the EMA affected the prescribing of JAKi by rheumatologists in Italy. Methods: All patients
with rheumatoid arthritis who had been prescribed JAKi for the first time in a 36-month period
from 1 July 2019, to 30 June 2022 were considered. Data were obtained from the medical records of
29 Italian tertiary referral rheumatology centers. Patients were divided into three groups of 4 months
each, depending on whether the JAKi prescription had occurred before the EMA'’s first safety alert
(1 July-31 October 2019, Group 1), between the first and second alerts (1 November 201929 February
2020, Group 2), or between the second and third alerts (1 March 2021-30 June 2021, Group 3). The
percentages and absolute changes in the patients prescribed the individual JAKi were analyzed.
Differences among the three groups of patients regarding demographic and clinical characteristics
were also assessed. Results: A total of 864 patients were prescribed a JAKi during the entire period
considered. Of these, 343 were identified in Group 1, 233 in Group 2, and 288 in Group 3. An
absolute reduction of 32% was observed in the number of patients prescribed a JAKi between Group
1 and Group 2 and 16% between Group 1 and Group 3. In contrast, there was a 19% increase in
the prescription of a JAKi in patients between Group 2 and Group 3. In the first group, BARI was
the most prescribed drug (227 prescriptions, 66.2% of the total), followed by TOFA (115, 33.5%) and
UPA (1, 0.3%). In the second group, the most prescribed JAKi was BARI (147, 63.1%), followed by
TOFA (65, 27.9%) and UPA (33, 11.5%). In the third group, BARI was still the most prescribed JAKi
(104 prescriptions, 36.1%), followed by UPA (89, 30.9%), FILGO (89, 21.5%), and TOFA (33, 11.5%).
The number of patients prescribed TOFA decreased significantly between Group 1 and Group 2
and between Group 2 and Group 3 (p < 0.01). The number of patients who were prescribed BARI
decreased significantly between Group 1 and Group 2 and between Group 2 and Group 3 (p < 0.01).
In contrast, the number of patients prescribed UPA increased between Group 2 and Group 3 (p < 0.01).
Conclusions: These data suggest that the warnings issued for TOFA were followed by a reduction
in total JAKi prescriptions. However, the more selective JAKi (UPA and FILGO) were perceived by
prescribers as favorable in terms of the risk/benefit ratio, and their use gradually increased at the
expense of the other molecules.

Keywords: janus kinase inhibitors; safety warnings; prescribing attitude; rheumatoid arthritis
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1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by systemic
inflammation and persistent synovitis, which can lead to joint damage, disability, and
significant comorbidities [1]. The pathogenesis of RA involves a complex interaction be-
tween genetic, environmental, and immunological factors that lead to the activation of
the immune system against joint tissues [2]. The latest recommendations of the European
Alliance of Associations for Rheumatology (EULAR) recommend adding or switching to bi-
ologic disease-modifying antirheumatic drugs (hDMARDs) or targeted synthetic DMARDs
(tsDMARDs), such as JAK inhibitors (JAKi), for patients with inadequate responses to
conventional synthetic DMARDs (csDMARDs) [3]. Specifically, JAKi are a class of drugs
approved in recent years for the treatment of rheumatoid arthritis [4] that inhibit the JAK en-
zymes involved in cytokine signaling through the intracellular JAK/STAT pathway, leading
in turn to the activation of intranuclear transcription factors of several genes encoding for
pro-inflammatory molecules [5]. Currently, four JAKi have been approved by the European
Medicines Agency (EMA). These include tofacitinib (TOFA), which mainly inhibits JAK1
and JAK2 and to a lesser extent JAK2; baricitinib (BARI), which primarily inhibits JAK
1 and JAK2; and upadacitinib (UPA) and filgotinib (FILGO), both selective for JAK1 [6].
In addition to the indication for the treatment of rheumatoid arthritis, TOFA and UPA
have been approved for the treatment of psoriatic arthritis (PsA) and radiographic (TOFA
and UPA) or non-radiographic (UPA) axial spondyloarthritis (axSpA) [7]. JAKi have some
advantages over biologics, such as oral administration, rapid onset of action, broad mecha-
nism of action, efficacy in treatment-resistant cases, and absence of immunogenicity, which,
on the other hand, may be responsible for the formation of anti-drug antibodies (ADAs)
during biologic therapy, possibly reducing its efficacy [8]. Although in registrational stud-
ies these drugs have been shown to have an acceptable safety profile, further concerns
emerged in the post-marketing phase for TOFA regarding the possible increased risk of
thromboembolism, major cardiovascular events (MACE), and cancer development [9-11].
This prompted the FDA to add in July of 2019 a warning (Boxed Warning) to the TOFA label
and to request a phase 3b-4, a randomized, open-label, noninferiority ORAL surveillance
study [12,13]. In November of that year, the EMA issued a similar notice, followed by two
subsequent notices in March of 2021 and November of 2022 [14] emphasizing the increased
risk of the aforementioned complications and serious and fatal infections associated with
TOFA use. Therefore, in accordance with EMA recommendations, the manufacturer in-
formed the physicians of TOFA-associated risks, recommending that a dose of 5 mg twice
daily for the treatment of rheumatoid arthritis not be exceeded and treating patients older
than 65 years only when alternative treatments are not available. Moreover, physicians
were made aware that patients aged 50 years and older with at least one additional car-
diovascular risk factor had been shown by ORAL surveillance study to have an increased
incidence of myocardial infarction compared with patients treated with an anti-TNF-alpha
biologic, and that there was in the treated patients an increased incidence of malignancies,
including lung cancer and lymphoma. This communication was followed by a similar
recommendation that TOFA should not be used in patients older than 65 years, in smokers
or former smokers, and in patients with other risk factors for cardiovascular disease, unless
suitable therapeutic alternatives are unavailable. In January of 2023, the EMA’s Committee
for Medicinal Products for Human Use (CHMP) approved the measures recommended by
the Pharmacovigilance Risk Assessment Committee (PRAC). These recommendations not
only confirmed that TOFA increases the risk of major cardiovascular problems, cancer, VTE,
serious infections, and death from any cause compared with drugs in the TNF-alpha in-
hibitor class but were also extended to all other officially approved JAKi, although specific
studies on these molecules had not yet been conducted [15].

The purpose of the present multicenter study was to analyze any changes in the pre-
scribing attitude of JAKi in the treatment of rheumatoid arthritis by Italian rheumatologists
over a period of 36 months, including the period before and after the first and second EMA
safety warnings.
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2. Material and Methods

All patients with rheumatoid arthritis who had been prescribed a specific JAK inhibitor
for the first time within a 36-month period from 1 July 2019 to 30 June 2022 were considered.
The patients were then divided into three groups based on the timing of their prescriptions:
Group 1 included patients prescribed the JAK inhibitor before the first EMA safety alert
(1 July-31 October 2019), Group 2 included those prescribed between the first and second
alerts (1 November 2019-29 February 2021), and Group 3 included patients prescribed
between the second and third alerts (1 March 2021-30 June 2022). The percentage and
absolute changes in patients prescribed a single JAKi were analyzed. Differences in the
three groups of patients, with regard to the demographics and clinical characteristics of
the treated patients, were also assessed. Therefore, the differences in the prescription of
JAKi in the three groups considered were analyzed in both absolute and relative terms with
respect to single molecules. Any differences in the 3 groups considered with regard to the
demographic and clinical data of the treated patients were also considered. Specifically, the
male/female ratio, the age of the treated patients, the presence or absence of a cigarette
smoking habit, and associated comorbidities were analyzed. Other parameters such as
the seropositivity /seronegativity of rheumatoid arthritis, disease activity, and previous
or concomitant treatments were also analyzed. Prescription data were extracted from the
medical records of 29 tertiary rheumatology centers distributed in different Italian regions.
This study is part of the Blologics Retention Rate Assessment (BIRRA) project, which
focuses on studying the effects of current therapy in rheumatic diseases. The study was
conducted according to the principles of the Declaration of Helsinki and was approved
by local ethics committees, the main one being the Ethics Committee of the Emilia Vasta
Nord Area, protocol code 34.713, approved on 28 August 2019. The statistical analysis was
conducted by the Fisher—Yates exact test for qualitative data and the Mann-Whitney U
test and the Wilcoxon Signed Rank test for quantitative data. A p value less than or equal
to 0.05 or 0.01 indicated a statistically significant result. The MedCalc program, version
12.5.0.0 (MedCalc software Ltd., Ostend, Belgium), was used for statistical analysis.

3. Results

A total of 864 patients were prescribed JAKi during the entire period considered in
this study. Of these, 343 were identified in Group 1, 233 in Group 2, and 288 in Group 3. An
absolute reduction of 32% was observed in the number of patients prescribed JAKi between
Group 1 and Group 2 and 16% between Group 1 and Group 3. In contrast, there was a 19%
increase of the prescription of JAKi in patients between Group 2 and Group 3. In the first
group, BARI was the most prescribed drug (227 prescriptions, 66.2% of the total), followed
by TOFA (115, 33.5%) and UPA (1, 0.3%). In the second group, the most prescribed JAKi
was BARI (147, 63.1%), followed by TOFA (65, 27.9%) and UPA (33, 11.5%). In the third
group, BARI was still the most prescribed JAKi (104 prescriptions, 36.1%), followed by UPA
(89, 30.9%), FILGO (89, 21.5%), and TOFA (33, 11.5%). However, the number of patients
prescribed TOFA decreased significantly between Group 1 and Group 2 and between Group
2 and Group 3 (p < 0.01). The number of patients who were prescribed BARI decreased
significantly between Group 1 and Group 2 and between Group 2 and Group 3 (p < 0.01).
In contrast, the number of patients prescribed UPA increased between Group 2 and Group
3 (p < 0.01). The F:M ratio increased between Groups 1 and 2 (4.0 vs. 4.8; p < 0.05) and then
decreased between Groups 2 and 3 (4.8 vs. 2.7; p < 0.01). A reduction in the visual analog
scale of pain (VAS) 0-100 was observed in Group 2 as compared to Group 1 (median 60,
IQR 40-80 vs median 70, IQR 50-80; p < 0.05). There was also a significant reduction in
dyslipidemia and cancer cases between Group 1 and Group 2 (p < 0.05). Glucocorticoid use
in combination with JAKi treatment increased significantly between Group 1 and Group 2
(p < 0.05) and between Group 2 and Group 3 (p < 0.01). All these data are summarized in
Table 1 and Figure 1.
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Table 1. Demographic and clinical characteristics of patients.

Characteristic Group 1 Group 2 Group 3
N 343 233 288
M:F 68:275 40:193 * 78-210*
Age, yrs 61 58 58
[IQR] 54-70 48-66 50-67
BML, kg/m? 246 24.7 25
[IQR] 22.7-27.0 23.0-27.0 22.8-27.9
Smokers, n yes:no:former 52:198:63 51:130:32 48:176:49
Disease duration, yrs 6.3 6.5 6.7
[IQR] 1.8-13.5 3.2-12.8 2.6-12.8
RF presence, % 63.4 61.2 59.3
ACPA presence, % 59.5 58.4 54.9
Diabetes 9.3 52 9.0
Arterial hypertension 37.0 30.9 35.7
Comorbidities, % Hypercholesterolemia 26.5 18.0 21.9
MACE 5.2 3.4 6.6
Cancer 6.4 2.1% 5.2
Tender Joints, n 8 8 8
[IQR] 4-12 4-12 4-12
Swollen Joints, n 5 5 4
[TIQR] 2-8 3-8 3-8
ESR, mm/h 32 34 31
[IQR] 19-46 20-46 18-48
PCR, mg/dL 1.3 1.3 1.2
[IQR] 0.5-3.0 0.6-2.6 0.5-3.8
VAS, 0-100 * 60 70 70
[IQR] 40-80 50-80 50-80
PGA-Med, 0-10 7 5 7
[IQR] 5-8 5-8 5-7
DAS28 5.4 5.4 53
[IQR] 4.8-6.1 4.8-6.0 4.7-5.9
DAS28-CRP 49 5.0 5.0
[IQR] 4.3-5.6 4.2-54 4.3-5.6
Baricitinib 66.2 63.1* 36.1%*
o Filgotinib 0 0 21.5
JAKI; % Tofacitinib 33.5 27.9* 11.5*
Upadacitinib 0.3 9.0 30.9*
None 74.6 71.2 65.3
JAKi naive; % One 25.1 279 30.9
Two 0.3 0.9 3.8
Treatment line after 2 2 5
csDMARD-IR
14 2-4 2-4
[IQR]
csDMARDsozoncomltant, 49.0 455 434
Glucocorticoid *, % 32.7 42.0* 43.8 *
Glucocorticoid, mg/day
(PDN-eq) > > 5
4-5 5-5 4-6
[IQR]

RF = rheumatoid factor; ACPA = anti-citrullinated peptide antibody; ESR = erythrocyte sedimentation rate;
CRP = C-reactive protein; VAS = visual analog scale; PGA = global physical assessment; DAS = disease activity
score; JAKi = JAK inhibitor; csDMARDs-IR = inadequate response to treatment with conventional synthetic
DMARDs; PDN-eq = Prednisone-equivalent; * = statistically significant (see results sections for details).

122



J. Clin. Med. 2024, 13, 3929

- -BARI —TOFA - UPA e FILGO

250 -

200 A

150 4

100 4

50 4

Number of patient prescribed a JAKi

GROUP 1 GROUP 2 GROUP 3

Figure 1. Variation over time in the number of patients prescribed a given JAKi.

4. Discussion

In this multicenter retrospective observational study, we analyzed how the first two
safety warnings issued by the EMA on the use of TOFA influenced the attitudes of Italian
rheumatologists in prescribing TOFA and the other JAKi approved for rheumatoid arthritis.

The first observed finding is that the total number of patients prescribed JAKi de-
creased after the first and second safety alerts as compared to the previous period over a
comparable time frame. Because we did not consider the total number of patients treated
with other second-line drugs such as biologics during the periods covered by our study, we
cannot demonstrate that the observed absolute reduction in the number of JAKi prescrip-
tions is statistically significant. However, assuming with good probability that the total
number of patients treated with any type of second-line drug was constant throughout the
duration of the study, our results suggest that JAKI prescribing actually decreased after the
safety alerts.

We found that the percentage of patients treated with the individual JAKi changed
significantly over the different periods considered. Specifically, the relative percentage of
prescriptions of non-selective JAKi and, in particular, the pan-JAK inhibitor TOFA and
the selective JAK1/JAK2 inhibitor BARI, decreased significantly both in the comparison
between Group 1 and Group 2 and in the comparison between Group 2 and Group 3.

In the pre-alert period, BARI was the most prescribed JAKi. This is probably due
to some features of BARI, including its once-daily administration and the possibility of
reducing the dosage in elderly subjects, making its use more flexible than TOFA [16]. BARI
remained the most prescribed JAKi even in the later periods considered in this study,
although its prescriptions decreased significantly along with those of TOFA despite the fact
that the safety warning referred only to TOFA. This may be explained assuming that BARI
was perceived to be just as risky as TOFA because it belongs to the same class of drugs.

On the other hand, we observed a gradual increase in prescriptions of the JAK1-
selective inhibitor UPA throughout the period examined and a significant number of
prescriptions of the JAK1-selective inhibitor FILGO in Group 3. It should be noted that UPA
was approved and made reimbursable by the Italian Drug Agency (AIFA) after the start
of the first study period considered. A portion of the UPA prescriptions in Group 1 were
therefore allowed through a limited number of free samples provided by the manufacturer.
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Therefore, it was not possible to fairly compare UPA prescriptions in Group 1 with those in
the subsequent groups. In addition, the statistical analysis of FILGO prescriptions was not
possible because FILGO was approved only in the third period of our study.

It is likely that the reduction in prescriptions of non-selective or partially selective
JAKi compared with second-generation JAK1-selective molecules was influenced by the
perception that safety problems mainly affected older molecules. This probably favored
the progressive prescriptions of UPA and FILGO over TOFA and BARI. It should be noted
that this study was conducted prior to the EMA’s third warning of November 2022, which
extended the alert to all JAKi molecules. However, data from another study indicate that
even after this third alert, the prescriptions of JAK-1 selective inhibitors, and in particular
UPA, continued to increase, even though selectivity is more a concept based on theory than
on actual data [17].

The renal elimination of UPA has been shown to be minimal, with only about
20 percent of the dose eliminated in the urine as unchanged drug. This reduces the risk of
drug accumulation in patients with impaired renal function, contributing to the safety of
the treatment. Although data on the renal function of patients included in this study are
not available, it cannot be ruled out that part of the increase in UPA prescriptions is due to
this pharmacokinetic peculiarity of the drug [18]. In this regard, it has been reported that
the co-occurrence of RA with end-stage renal disease (ESRD) is greater than 1%, probably
due to the impact of diabetes and hypertension, comorbidities often associated with this
rheumatic disease [19].

An unexpected result of our study was the relative decrease in the ratio of females
to males treated with JAKi between Group 1 and Group 3. One possible explanation is
the different risk perception of the therapy between the two genders, which consequently
favored prescribing JAKi in males after receiving information about the potential risks from
the physician [20]. A statistically significant reduction in cancer cases was also observed
between Groups 1 and 2 (p < 0.05). We do not have detailed information on the nature of
the cancer cases reported during the study. However, all cases were incidental and led to
the discontinuation of treatment with JAKi. Non-melanoma skin cancers (NMSCs) were
excluded from the calculation. The reduction in cancer cases could be due to more careful
patient selection following EMA warnings.

Finally, an interesting finding was the statistically significant increase in glucocorticoid
use expressed as a prednisone-equivalent (PDN-eq) dose in combination with JAKi in
Groups 2 and 3 as compared to the initial group (p < 0.01), respectively. This could reflect
an increasing confidence in the safety of JAKi due to actual experience in the use of these
molecules, with a reduction in prescribers’ fear of possible cardiovascular and infectious
adverse effects after combination with glucocorticoids [21,22]. In addition, the increased
glucocorticoid use expressed as prednisone-equivalent doses in Groups 2 and 3 could
be related to the higher severity of disease in these patients, who had already failed
other therapies.

The limitations of the study are that the periods between the groups were not contigu-
ous, and this could have introduced bias related to seasonal variations or other uncontrolled
external factors. The periods were also not directly comparable because of different drug
availability. In addition, the retrospective nature of the study could have introduced se-
lection and information bias. An additional limitation is that the second period analyzed
in this study coincided with the peak of COVID-19 cases. In this regard, a three-month
observational study conducted in the United States showed that patients taking biologic
DMARDs (bDMARDs) and JAKi were more likely to discontinue or delay drug use than
those taking conventional synthetic DMARDs (csDMARDs). The main reason was con-
cern about possible increased susceptibility or the severity of COVID-19, as well as the
cancellation or postponement of appointments [23].

In conclusion, the data reported by this Italian multicenter study underscore that the
first two EMA safety warnings negatively affected the use of JAKi but at the same time
promoted a shift toward the use of more selective molecules in this class, and in particular
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the JAK1-selective molecules. Further studies are needed to clarify how JAKi prescribing
might be affected in the future as more data on its safety become available. It will also
be necessary to clarify whether safety issues will affect other indications of JAKi besides
rheumatic diseases, such as chronic inflammatory bowel disease, psoriasis and atopic
dermatitis. In this way, it will be possible to refine patient selection criteria, ensuring a
balanced approach that maximizes therapeutic efficacy and minimizes potential adverse
effects without depriving those who might benefit from JAKi therapy in view of the high
disabling potential of immune-mediated inflammatory diseases.
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Abstract: Objectives: A common complication in patients with rheumatoid arthritis (RA) is intersti-

tial lung disease (ILD). Antibodies (Abs) to anti-aminoacyl-transfer ribonucleic acid synthetase (ARS)

are linked to ILD in patients with idiopathic inflammatory myopathies (IIM). There have been limited
studies of anti-ARS Abs in RA. In this study, we examined anti-ARS Abs in ILD in patients with
RA. Methods: Anti-ARS Abs in serum from patients with RA were measured. Results: There were
higher anti-ARS Ab levels in RA patients with ILD (mean £ SDM, 16.3 & 32.3 vs. 7.4 £ 7.0 (Index),

p:

5.58 x 10712), usual interstitial pneumonia (14.4 & 24.4 vs. 7.4 + 7.0 [Index], p = 3.14 x 10712),

and nonspecific interstitial pneumonia (17.9 & 37.7 vs. 7.4 £ 7.0 (Index), p = 5.07 x 107%) compared
with patients without chronic lung disease. The area under the curve (AUC) of the receiver operating

characteristic curve for anti-ARS Ab was too low to allow for discrimination among RA patients
with/without chronic lung disease (0.608, 95% confidence interval (CI) 0.560-0.655, p = 8.69 X 107°).
Multiple logistic regression analyses of age, smoking status, anti-ARS Abs, as well as Steinbrocker
stage generated an ARS-index with a high AUC value (0.707, 95%CI 0.662-0.752, p = 2.20 x 10719).
Conclusions: Anti-ARS Abs are related to ILD pathogenesis in RA and may be a biomarker for ILD.

Keywords: rheumatoid arthritis; anti-aminoacyl-transfer ribonucleic acid synthetase antibodies;

interstitial lung disease
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1. Introduction

Rheumatoid arthritis (RA), characterized by synovial joint destruction, is a repre-
sentative systemic inflammatory disease [1]. It can be complicated with extra-articular
manifestations such as chronic lung diseases (CLD), including interstitial lung disease
(ILD), emphysema, and airway disease (AD) [2]. Unfortunately, patients with RA com-
plicated with ILD or AD often have a prognosis that is poor [3-7]. The usual interstitial
pneumonia (UIP) pattern of ILD confers a poor prognosis in patients with RA [8]. Thus, the
pathogenesis of ILD and AD in RA should be elucidated. The term acute-onset diffuse ILD
(AoDILD) covers a broad range of disorders that frequently occur in RA patients, including
drug-induced ILD, acute exacerbation of ILD, and pneumocystis pneumonia, which confer
a poor prognosis [9,10].

Antibodies (Abs) that recognize the Fc of immunoglobulin G are designated as rheuma-
toid factors (RFs), and Abs against citrullinated peptides are termed anti-citrullinated
peptide antibodies (ACPAs). ACPA and RF are specific for RA and, therefore, can aid the
diagnosis of RA [11]. RF and ACPA were reported to be involved in ILD in RA [12-15]
and are considered auto-Ab biomarkers of ILD in RA [16]. The production of Abs to anti-
melanoma differentiation-associated gene 5, which recognizes RNA helicase, was linked
to clinically amyopathic dermatomyositis with rapidly progressive ILD [17]. However, it
was reported that these auto-Abs were present in RA patients with AD [18]. Auto-Abs
against enzymes that attach specific amino acids to transfer ribonucleic acid (tRNA) present
in idiopathic inflammatory myopathies (IIM) are designated anti-aminoacyl-tRNA syn-
thetase (ARS) Abs. Anti-ARS Abs include antibodies against eight antigens (Jo1 [histidyl
tRNA synthetases], PL-7 [threonyl tRNA synthetases], PL-12 [alany]l tRNA synthetases],
EJ [glycyl tRNA synthetases], O] [isoleucyl tRNA synthetases], KS [asparaginyl tRNA
synthetases], Zo [phenylalanyl tRNA synthetases], and Ha [tyrosyl tRNA synthetases])
and were specifically detected as myositis-specific Abs in patients with IIM [19,20]. ILD
is frequently complicated in patients with IIM who also have anti-ARS Abs [20]. Anti-
synthetase syndrome, a clinical subset of IIM, is categorized by mechanic’s hands, ILD,
myositis, arthritis, the production of anti-ARS Abs, fever, and Raynaud’s phenomenon [21].
ILD in IIM patients with anti-ARS Abs was reported to progress slowly but did not confer
a poor prognosis in patients [22]. Anti-ARS Abs were also detected in idiopathic interstitial
pneumonia [23-27], but not RA [19,27,28]. Another study analyzed anti-ARS Abs qualita-
tively and showed they were involved in ILD with RA [29]. Limited studies have examined
anti-ARS Abs in RA or other autoimmune diseases. Here, anti-ARS Abs were quantitated
and their association with ILD was investigated in patients with RA.

2. Materials and Methods
2.1. Patients

Five hundred and fifty-eight RA patients with chest computed tomography findings and
fifty-two healthy controls were recruited at Tokyo Hospital, Sagamihara Hospital, Nagoya
Medical Center, Miyakonojo Medical Center, Nagasaki Medical Center, and Himeji Medical
Center. All patients with RA fulfilled the American College of Rheumatology criteria for
RA [30] or theumatoid arthritis classification criteria [11]. Predominant chest computed tomog-
raphy findings of RA patients [31] were used to diagnose emphysema, nonspecific interstitial
pneumonia (NSIP), AD, no CLD, or UIP (Supplementary Figure S1). The ILD groups included
UIP and NSIP patients and the CLD (+) group included NSIP, emphysema, AD, and UIP.
The production of anti-ARS Abs was analyzed using serum collected from patients with RA
and controls. The 558 RA patients included 1 case complicated with polymyositis, 1 with
dermatomyositis, 1 with scleroderma, and 1 with systemic lupus erythematosus.

Eleven RA patients with AoDILD were treated with corticosteroid pulse therapy at
Sagamihara Hospital (mean age at admission + standard deviation [SD], 65.9 & 8.1 years,
five male patients). These patients fulfilled the American College of Rheumatology RA
criteria 30. Five had an acute exacerbation of ILD and six had drug-induced ILD; the
definitions of these cases were previously described [10]. Sera from patients with RA with
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AoDILD were obtained at admission and under stable conditions at least three months
before admission.

This study was reviewed and approved by the Research Ethics Committees of Tokyo
Hospital (190010, 29 May 2019), Sagamihara Hospital, and the Central Institutional Review
Board of the National Hospital Organization. Written informed consent was obtained
from all study participants except for those who were deceased before the initiation of
the study. Any serum samples obtained before this study were anonymized to prevent
identifying participants and analyses were only approved by the Sagamihara National
Hospital Research Ethics Committee based on this condition. This study was conducted in
accordance with the principles of the Declaration of Helsinki.

2.2. Detection of Anti-ARS Abs

Serum anti-ARS Abs were measured by enzyme-linked immunosorbent assay (ELISA,
Mesacup anti-ARS tests, Medical & Biological Laboratories, Tokyo, Japan) according to
the manufacturer’s instructions. Index values = (sample absorbance—negative control
absorbance)/ (positive control absorbance—negative control absorbance) x 100. The cut-off
value was 11.374 based on the 98th percentile of healthy controls (n = 52), although the
cut-off level recommended by the kit manufacturer was 25. To discriminate between anti-
Jol Abs, anti-PL7 Abs, anti-PL12 Abs, anti-EJ Abs, and anti-OJ Abs, anti-ARS Abs were
also detected by a line blot assay (Euroline Myositis Profile 3, Euroimmun AG, Liibeck,
Germany) using patient sera positive for anti-ARS Abs as determined by ELISA. Clinical
information of some RA patients was previously described [18]. Steinbrocker stages were
assessed as previously reported [32].

2.3. Statistical Analysis

Anti-ARS Abs titers between RA patients without CLD or controls were compared
by the Mann—-Whitney U-test. Fisher’s exact test with 2 x 2 contingency tables was used
to compare the presence of anti-ARS Abs in RA patients without CLD. Multiple logistic
regression analyses were used to generate an ARS-index from anti-ARS Ab, smoking status
[never smoker: 0; past smoker: 1; current smoker: 2], Steinbrocker stage [1-4], and age
[years]. To compare RA patients with/without CLD, receiver operating characteristic
(ROC) curves for anti-ARS Abs or the ARS-index were used. The area under the curve
(AUC) values of ROC curves were compared by the chi-squared test. Cut-off levels were
optimized on the basis of the highest Youden’s index. Anti-ARS Ab levels in serum from
RA patients with stable lung disease and AoDILD conditions were tested by the Wilcoxon
signed-rank test.

3. Results
3.1. Comparisons of Anti-ARS Abs in RA Subsets with CLD (—) RA Patients

Anti-ARS Abs in RA patient sera detected by ELISA and Ab levels in subsets under-
went a comparison with those in the CLD (—) group (Supplementary Figure S2 and Table 1).
Anti-ARS Ab levels were increased in RA with ILD (mean + SD, 16.3 +32.3vs. 74 + 7.0
[Index], p = 5.58 x 10712), UIP (14.4 4- 24.4 vs. 7.4 + 7.0 [Index], p = 3.14 x 10~'?), and
NSIP (17.9 + 37.7 vs. 7.4 £ 7.0 [Index], p = 5.07 x 107°). Anti-ARS Ab levels were also
increased in RA and CLD (11.2 214 vs. 7.4 = 7.0 [Index], p = 1.77 X 1075). This indicated
that anti-ARS Ab titers were linked with ILD, UIP, NSIP, and CLD in RA.
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Table 1. Anti-ARS Ab levels in RA patients.

n Anti-ARS Ab, Index (SD) p
ILD 138 16.3 (32.3) 5.58 x 10712
UIP 63 14.4 (24.4) 3.14 x 10712
NSIP 75 17.9 (37.7) 5.07 x 107°
Airway disease 166 7.1(3.5) 0.3559
Emphysema 39 10.4 (12.7) 0.2131
CLD (+) 343 11.2 (21.4) 1.77 x 1075
CLD (-) 215 7.4 (7.0)

RA: rheumatoid arthritis; ARS: aminoacyl-transfer ribonucleic acid synthetase; UIP: usual interstitial pneumonia;
NSIP: nonspecific interstitial pneumonia; ILD: interstitial lung disease; AD: airway disease; CLD: chronic lung
disease; Ab: antibody. ILD group includes UIP and NSIP groups. The CLD (+) group includes UIP, NSIP, AD,
and emphysema patients. The average values for each group are shown. Standard deviations are shown in
parentheses. Differences compared with the CLD (—) population were tested using the Mann-Whitney U-test.

Evaluations of RA patients that might have been positive for anti-ARS Abs used a cut-
off value based on the results from healthy controls (Table 2). Anti-ARS Ab positivity was
associated with ILD (1 [%], 47 [34.1%] vs. 18 [8.4%], p = 1.08 X 10~13), UIP (25 [39.7%] vs.
18[8.4%], p = 1.15 x 10~ 1), NSIP (22 [29.3%] vs. 18 [8.4%], p = 2.63 x 10~8), and emphysema
(9 [23.1%] vs. 18 [8.4%], p = 0.0003) in RA. Anti-ARS Ab positivity was also increased in RA
with CLD (70 [20.4%] vs. 18 [8.4%],p =1.73 x 10~8). Evaluations of anti-ARS Abs positivity
in RA patients used the recommended cut-off value (Supplementary Table S2). Anti-ARS
Ab positivity was associated with ILD (1 [%], 10 [7.2%] vs. 3 [1.4%], p = 0.0070) and NSIP
(7[9.3%] vs. 3 [1.4%], p = 0.0037) in RA. The precise profiles of anti-ARS Abs were analyzed
by line blot assay in 16 RA patient sera positive for anti-ARS Abs by ELISA (Supplementary
Table S2); these RA patients included 1 with polymyositis, 1 with dermatomyositis, and
1 with scleroderma. Anti-ARS Abs were detected in 12 patients (75.0%) by line blot assays
of samples from 16 patients. The sera from two RA patients with UIP and one with NSIP
were positive for two or more anti-ARS Abs by line blot assay. Anti-PL7 Abs were found in
all RA patients with UIP.

Table 2. The positivity of anti-ARS Ab in RA patients.

Anti-ARS Ab Positive, n (%) p
ILD 47 (34.1) 1.08 x 1013
uIP 25 (39.7) 1.15 x 1011
NSIP 22 (29.3) 2.63 x 1078
AD 14 (8.4) 0.1272
Emphysema 9(23.1) 0.0003
CLD (+) 70 (20.4) 1.73 x 1078
CLD (-) 18 (8.4)

RA: rheumatoid arthritis; ARS: aminoacyl-transfer ribonucleic acid synthetase; ILD: interstitial lung disease; UIP:
usual interstitial pneumonia; NSIP: nonspecific interstitial pneumonia; AD: airway disease; CLD: chronic lung
disease; Ab: antibody. ILD group includes UIP and NSIP groups. The CLD (+) group includes UIP, NSIP, AD, and
emphysema patients. The cut-off value was set to 11.374 based on the 98th percentile of 52 healthy controls. The
value for each group is shown. Percentages are shown in parentheses. Differences compared with the CLD (—)
population were tested using Fisher’s exact test using 2 x 2 contingency tables.

3.2. Comparison of Anti-ARS Abs Between RA Patients and Healthy Controls

A comparison of anti-ARS Ab levels demonstrated increased levels in all RA subsets
and RA, per se, compared with healthy controls (n = 52, 5.3 £ 2.1 [Index], Supplementary
Figure S2 and Table 3).
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Table 3. The anti-ARS Ab levels in RA subsets or overall RA patients were compared with

healthy controls.
P

ILD 3.83 x 10712
UIP 3.85 x 10713
NSIP 234 x 1077
AD 9.12 x 107°

Emphysema 0.0002
CLD (+) 2.58 x 1077

CLD () 0.0007
RA 2.61 x 1077

RA: rheumatoid arthritis; ARS: aminoacyl-transfer ribonucleic acid synthetase; UIP: usual interstitial pneumonia;
NSIP: nonspecific interstitial pneumonia; ILD: interstitial lung disease; AD: airway disease; CLD: chronic lung
disease; Ab: antibody. Differences compared with the healthy control group were tested using the Mann-Whitney
U-test.

3.3. Multiple Logistic Regression Analysis of Anti-ARS Ab

Multiple logistic regression analyses were performed to eliminate the effects of clinical
manifestation on the association of anti-ARS Abs with CLD (Supplementary Table S3). The
association of anti-ARS Abs with CLD was observed in univariate analysis (p = 0.0241,
odds ratio [OR] 1.04, 95% confidence interval [CI] 1.01-1.08), and it remained significant
(Padjusted = 0.0204, ORgjusted 1.04, 95% CI1.01-1.08),when conditioned on age, Steinbrocker
stage, and smoking status. Thus, these data suggested the independent association of
anti-ARS Abs with CLD in RA.

Multiple logistic regression analyses were also conducted to eliminate the possibil-
ity of confounding the association of anti-ARS Abs between RA and healthy controls
(Supplementary Table S4). The association was revealed to be independent of age and sex.

3.4. ROC Analyses

A ROC curve of anti-ARS Ab was used for comparisons between RA with/without
CLD (Figure 1A). The AUC of the ROC curve for anti-ARS Ab (0.608, 95% confidence
interval [CI] 0.560-0.655, p = 8.69 x 107°) was not high enough for clinical use as a
biomarker. Multiple logistic regression analysis of age, anti-ARS Abs, smoking status, and
Steinbrocker stage was performed to generate an ARS-index: 0.0415 x (anti-ARS Abs) +
0.0565 x (age)—0.1917 x (Steinbrocker stage) + 0.4560 x (smoking status) — 3.3217. The
AUC of the ROC curve was 0.707 (95% CI 0.662-0.752, p = 2.20 x 1071, Figure 1B) and was
significantly greater than that for anti-ARS Abs (p = 0.0024). An ARS-index with a greater
AUC value was generated by multiple logistic regression analysis of age, anti-ARS Abs,
smoking status, and Steinbrocker stage.
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Figure 1. ROC curves using anti-ARS Abs and multiple logistic regression analysis to compare CLD
(+) and CLD (—) RA. ROC curves for anti-ARS Abs (A) and multiple logistic regression analysis
(B) with anti-ARS Abs (Index), Steinbrocker stage (1-4), age (years), and smoking status (never
smoker: 0; past smoker: 1; current smoker: 2) were calculated. The AUC values of the ROC curves
with 95% Cls and the cut-off levels are shown. RA: rheumatoid arthritis; ARS: aminoacyl-transfer
ribonucleic acid synthetase; CLD: chronic lung disease; Ab: antibody; ROC: receiver operating
characteristic; AUC: area under the curve; CI: confidence interval.

3.5. Detection of Anti-ARS Abs in RA Patients with AoDILD

Anti-ARS Abs measured in sera from patients with RA and AoDILD indicated that
two RA patients were positive (Figure 2). No difference was found between RA patients
under stable or AoDILD conditions. Anti-ARS Abs in two RA patients with AoDILD were
analyzed by line blot assay; one patient had anti-PL7 Abs, anti-PL12 Abs, and anti-Jo1Abs,
and the other had anti-JolAbs. The Ab profiles of the two patients under stable conditions
were the same as those in patients with RA and AoDILD.

/

200

100

Anti-ARS Ab (Index)

Stable AoDILD

Figure 2. Anti-ARS Ab levels in sera from RA patients with AoDILD. Anti-ARS Ab levels in sera
from RA patients under stable and AoDILD conditions are shown. Differences were tested using the
Wilcoxon signed-rank test. AoDILD: acute-onset diffuse interstitial lung disease; RA: rheumatoid
arthritis; ARS: aminoacyl-transfer ribonucleic acid synthetase; Ab: antibody.

4. Discussion

The current study showed that anti-ARS Abs were involved in ILD, NSIP, and UIP
in patients with RA. The AUC value of ROC curves for anti-ARS Abs was not sufficiently
high for clinical use as a biomarker for the comparison between RA with/without CLD. An
ARS-index was generated using age, anti-ARS Abs, smoking status, and Steinbrocker stage,
and the AUC value of the ROC curve for the ARS-index was higher than that for anti-ARS
Ab alone.

A correlation between several auto-Abs and ILD was previously reported for
RA [12-15]. We noted that anti-ARS Abs were associated with ILD in RA. A relation-
ship between anti-ARS Abs and UIP and NSIP was demonstrated in this study, suggesting
the participation of anti-ARS Abs in the common pathogenesis of UIP and NSIP in RA.
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The functions of individual ACPA, RF, and anti-ARS Abs in the pathogenesis of ILD in RA
might be revealed in the future.

Anti-ARS Abs were reported in idiopathic interstitial pneumonia patients without
myopathy [23-27], but not in RA patients [19,27,28]. Anti-ARS Abs were reportedly present
in 6.1% of RA patients by a line blot assay and these were related to ILD RA [29]. We
observed that 15.8% of RA patients developed anti-ARS Abs as measured by ELISA using
our cut-off level, which confirmed an association between anti-ARS Abs and ILD. Our
findings suggest that ELISA has higher sensitivities than the line blot assay.

Multiple logistic regression analysis showed the independent association of anti-ARS
Abs from age, Steinbrocker stage, and smoking status. However, it is still possible that
other clinical factors would influence the associations.

An ARS index was generated by multiple logistic regression analysis using age,
smoking status, anti-ARS Abs, and Steinbrocker stage. The AUC value of the ROC curve of
the ARS-index was greater than that for anti-ARS Abs, suggesting anti-ARS Abs might be
useful complex biomarkers for CLD in patients with RA. Since ILD is heterogeneous, other
antibodies could be involved in the pathogenesis of other subsets of ILD in RA. Thus, other
antibodies should be investigated to improve the index for clinical use.

The cut-off level in this study was set for anti-ARS Ab positivity (11.374) and it was
lower than the recommended cut-off level (25). However, our cut-off level was better for
the discrimination of ILD in RA patients. Anti-ARS Ab levels > 25 were observed in 16
RA patients in the ELISA; each anti-ARS Ab was detected in 12 of these RA patients in
the line blot assay. Anti-PL-7 Abs were detected in all RA patients with UIP. The 16 RA
patients included 1 with polymyositis, 1 with dermatomyositis, and 1 with scleroderma.
The distribution patterns of anti-ARS Abs in RA differed from those in IIM [33], suggesting
different pathogenesis of ILD between patients with RA and IIM. Thus, anti-ARS Abs
might be useful biomarkers for ILD or CLD in RA.

Anti-ARS Abs were present in RA with AoDILD although ILD in IIM patients with
anti-ARS Abs progressed slowly [22]. These results suggested different functions of anti-
ARS Abs in RA and IIM.

Because a modest sample size was used, large-scale replicating studies of anti-ARS
Abs in patients with RA should be conducted on multi-ethnic populations. Since anti-ARS
Abs were analyzed in only patients with RA in the present study, anti-ARS Ab profiles also
should be analyzed in other autoimmune disease patients. Because the information on the
prognosis of RA patients with ILD was not available, we were not able to evaluate whether
the disease progression of ILD in RA patients with anti-ARS Abs was slow or rapid.

5. Conclusions

This quantitative analysis of anti-ARS Abs in RA suggests an association between
anti-ARS Abs and ILD.
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in patients with RA and controls.
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Abstract: Background/Objectives: Interstitial lung disease (ILD) is one of the most severe compli-
cations of rheumatoid arthritis (RA). Real-world data on antifibrotic treatment are needed. Our
objective was to evaluate the real-world effectiveness and tolerability of antifibrotic agents in patients
with progressive fibrosing RA-ILD. Methods: A longitudinal, retrospective, observational study
was conducted on a cohort of RA-ILD patients treated with either nintedanib or pirfenidone. The
data collected included pulmonary function test (PFT) results, adverse events (AEs), tolerability,
and drug retention. Results: Twenty-seven patients were included; 25 (92.5%) initiated nintedanib,
while two initiated pirfenidone. The median follow-up duration was 25 months (IQR 7-27). The
mean decline in %pFVC and %pDLCO from ILD diagnosis to the initiation of antifibrotic therapy
were —8.9% and —14.8%, respectively. After 6 months of treatment, most patients achieved stabi-
lization in PFT: a A%pFVC of +1.2% (p = 0.611 compared with baseline) and a A%pDLCO of +3.9%
(p = 0.400). Eighteen patients completed one year of therapy, with a modest improvement in %pFVC
(+4.7%; p = 0.023) and stabilization in %pDLCO (—3.8%; p = 0.175). This trend persisted among the
nine patients who completed 2 years of treatment (%pFVC +7.7%; p = 0.037 and %pDLCO —2.2%;
p = 0.621). During the follow-up period, 15% of patients died, and 4% underwent lung transplantation.
Adverse events occurred in 81% of patients, leading to discontinuation in 18.5% of cases. The most
frequent adverse events were gastrointestinal events and hepatitis, leading to a permanent dose
reduction of 40% for nintedanib and 14% for pirfenidone. A second antifibrotic agent was prescribed
for 18.5% of the patients. At the end of the follow-up period, 63% of the total cohort remained on
antifibrotic therapy. Conclusions: According to our results, antifibrotic initiation was associated with
a modest improvement in the trajectory of %pFVC and stabilization in %pDLCO. The discontinuation
rate in our cohort (37%) was higher than that reported in clinical trials but similar to that reported in
previously published real-world studies.

Keywords: rheumatoid arthritis; interstitial lung diseases; antifibrotics; nintedanib; pirfenidone

1. Introduction

Interstitial lung disease (ILD) is one of the most common and severe extra-articular
manifestations of rheumatoid arthritis (RA) and significantly contributes to both morbidity
and mortality [1-7]. The most prevalent ILD subtypes among RA patients are usual
interstitial pneumonia (UIP) and nonspecific interstitial pneumonia (NSIP). The UIP pattern
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observed in RA-ILD closely resembles idiopathic pulmonary fibrosis (IPF), and both are
associated with a high risk of progressive pulmonary fibrosis (PPF) and increased short-
term mortality. Additionally, some RA patients with NSIP-type ILD may also develop
progressive fibrosing patterns [7].

The clinical trajectory of RA-ILD varies widely. Approximately 55% of RA-ILD patients
experience disease progression [8,9], with an estimated 40% meeting the criteria for PPF
within 5 years of onset, characterized by a rapid decline in lung function, progression to
chronic respiratory failure, and an increased risk of premature mortality [10,11]. In patients
with a fibrosing phenotype, the same profibrotic pathways that lead to pulmonary fibrosis
in IPF are activated [12,13]. Once these pathways are triggered, they follow an autonomous
and self-perpetuating clinical course [12,13]. Inhibiting these activated profibrotic pathways
with antifibrotic agents, such as nintedanib or pirfenidone, remains the only strategy to
slow or potentially stop fibrosis progression.

Nintedanib has been formally approved by health authorities for the treatment of
progressive fibrosing ILD, regardless of its underlying cause, based on the INBUILD trial,
which demonstrated a significantly reduced annual rate of forced vital capacity (FVC)
decline in these patients [14]. In a focused evaluation of the INBUILD study comparing the
rate of decline in % FVC over 52 weeks among patients with autoimmune-related ILD, no
significant differences were observed based on the HRCT pattern. The adjusted difference
for the UIP-like fibrotic pattern was 124.2 (95% CI: 31.1 to 217.4), compared to 41.7 (95% CI:
—112.2 to 195.5) for other fibrotic patterns (p = 0.37) [15]. Subanalyses of the 89 patients
with RA-ILD in the INBUILD trial revealed similar efficacy to that observed in other causes
of PF-ILD [16].

Pirfenidone was evaluated in RA-ILD patients in the TRAILL1 trial, a placebo-controlled
study with limited statistical power [17]. Although the primary endpoint (a composite
of >10% decline in percent predicted FVC (%pFVC) or death within one year) was not met,
pirfenidone was associated with a significantly slower rate of FVC decline compared to
placebo. Post hoc analyses revealed that the effect of pirfenidone on the decline in FVC
was more significant in patients with a UIP pattern [17]. Based on these findings, the
2023 guidelines from the American College of Rheumatology (ACR) and the American
College of Chest Physicians (CHEST) for the management of ILD in systemic autoimmune
rheumatic diseases conditionally recommend adding pirfenidone as a treatment option for
RA-ILD patients with progression despite first-line treatment [18].

Although nintedanib and pirfenidone are effective in slowing the progression of ILD,
both drugs are associated with adverse events (AEs) that may restrict their use, often result-
ing in dose adjustments or discontinuation. While clinical trials provide valuable insights,
real-world studies are particularly important because they reflect a broader and more
representative patient population typically encountered in clinical practice. Clinical trials
frequently exclude patients with advanced disease stages or prevalent comorbidities, while
real-world studies not only encompass these individuals but also offer the opportunity for
extended follow-up periods.

This study aims to bridge this gap by evaluating the effectiveness and tolerability of
antifibrotic therapy in a real-world cohort of patients with RA-ILD PFF.

2. Methods
2.1. Study Sample

We conducted a review of medical records and hospital pharmacy-prescribing databases
to identify all RA patients who initiated nintedanib or pirfenidone as part of routine clinical
care at two tertiary referral hospitals (Bellvitge University Hospital and Dr. Peset University
Hospital, Spain). Antifibrotic therapies were prescribed in all cases due to progressive
fibrosing RA-associated interstitial lung disease (RA-ILD), and no patients were excluded
based on poor outcomes or early death.

In line with previous studies from our group [19-21], progressive ILD was defined
by one or more of the following criteria during follow-up: a relative decline of >10% in
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the %pFVC or >15% in the predicted diffusing capacity for carbon monoxide, corrected
for hemoglobin (%pDLCO) during follow-up, or a relative decline of 5-10% in %pFVC
accompanied by a reduction of less than 15% in %pDLCO, together with worsening respi-
ratory symptoms and increased fibrosis as assessed by thoracic high-resolution computed
tomography (HRCT) [14,22]. These changes occurred within 2 years of ILD diagnosis [14].

RA was diagnosed according to the ACR 1987 classification criteria [23] or the
ACR/EULAR 2010 criteria [24], depending on the year of diagnosis. ILD was identi-
fied using HRCT of the chest, with experienced thoracic radiologists classifying cases into
three main radiologic patterns based on the American Thoracic Society (ATS)/European
Respiratory Society (ERS) International Multidisciplinary Consensus Classification of Id-
iopathic Interstitial Pneumonias [25]: (1) UIP; (2) NSIP, and (3) other patterns. The fi-
nal diagnosis of progressive fibrosing RA-ILD was confirmed in all patients through a
multidisciplinary approach.

Patients were managed according to a standardized protocol within a specialized mul-
tidisciplinary unit, overseen jointly by a pulmonologist and a rheumatologist. Pre-existing
treatments, including glucocorticoids (GCs), conventional synthetic disease-modifying
antirheumatic drugs (csDMARDs), immunosuppressants (ISs), and biologic DMARDs
(bDMARDs) initially remained unchanged in all patients. However, adjustments to GC
dosages were made as needed after the initiation of antifibrotic therapy, at the discretion of
the treating physician.

Pulmonary function tests (PFTs) were conducted every 6 months following the initia-
tion of treatment. All tests were performed in a standardized manner, following the 2002
recommendations of the Spanish Society of Pneumology and Thoracic Surgery [26]. Both
%pFVC and %pDLCO were measured simultaneously for each patient.

2.2. Clinical Assessments and Outcome Variables

The effectiveness of antifibrotic therapies was assessed by evaluating changes in
%pFVC and %pDLCO before and after treatment initiation. The progression of PFTs
was categorized according to the definitions established by the ATS as worsening (a
decrease in %pFVC > 10% or %pDLCO > 15%), stabilization (changes in %pFVC < 10% or
%pDLCO < 15%), or improvement (an increase in %pFVC > 10% or %pDLCO > 15%) [27,28].

Data regarding antifibrotic therapies included the specific drug used, dosage, duration
of follow-up from the first dose, treatment status at the endpoint (continuation or discon-
tinuation), reasons for discontinuation (if applicable), tolerability, and side effect profile.
Additional information on lung transplants and deaths (including causes of death) was also
collected. The endpoint for follow-up was defined as the date of the last clinic visit, death,
or lung transplant. A retrospective analysis of prospectively collected data was performed.

2.3. Statistical Analysis

The results are expressed as the mean =+ standard deviation (SD) or as the median (in-
terquartile range [IQR], 25th—75th) as appropriate for continuous data, whereas categorical
variables are presented as the number of cases and percentages.

The Kolmogorov-Smirnov test was employed to determine whether numerical vari-
ables followed a normal distribution. Depending on the distribution, numerical variables
were compared using either the Student’s t-test or the Mann-Whitney U test. For categorical
variables, the chi-squared test or Fisher’s exact test was applied, as appropriate.

Pulmonary function trends were quantified as a percentage change (delta) from the
time of diagnosis of RA-ILD to the time of initiation of antifibrotic treatment (T0) and in
relation to TO for all subsequent evaluations after starting therapy. The paired sample t-
test was used to compare pre- and post- antifibrotic treatment means of the main outcome
efficacy measures evaluated. Statistical significance was defined as p < 0.05.
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3. Results
3.1. Patient Characteristics

To date, antifibrotic therapies have been administered to 27 patients with ongoing
progressive fibrosing RA-ILD despite prior immunosuppressive treatment. The key base-
line characteristics of this cohort are summarized in Table 1. The mean age at the start
of antifibrotic therapy was 67 + 10 years. At that time, the median duration of RA was
70.5 months (interquartile range [IQR], 25th-75th percentile: 27.5-114 months), while the
median time since ILD diagnosis was 29 months (IQR: 20-50 months).

Table 1. Characteristics of patients with RA-ILD at the initiation of initial antifibrotic medication.

Demographics and RA Characteristics

N =27

Age at age at initiation of antifibrotic treatment, years
(mean =+ SD)

67 =10

Sex, woman/man

12 (44.5%) /15 (55.5%)

Body mass index (BMI), missing data = 4 (mean + SD) 28.3+£5.3
Smoker or ex-smoker 18 (67%) Current: 1 (4%)
Positive rheumatoid factor 23 (85%)
Positive ACPA 22 (81.5%)

Median duration of RA, months (IQR 25th-75th)

70.5 (27.5-114)

DAS28-ESR at initiation of antifibrotic treatment

Remission or low activity 17 (63%)
Moderate or high activity 10 (37%)
ILD characteristics
Median duration of ILD, months (IQR 25th—-75th) 29 (20-50)
HRCT pattern of ILD
Usual interstitial pneumonia (definite or probable) 21 (78%)
Fibrotic non-specific interstitial pneumonia 5 (18%)
Combined pulmonary fibrosis and emphysema 1 (4%)
%pFVC at initiation of initial antifibrotic medication 86.6 £15
%pDLCO at initiation of initial antifibrotic medication 54.3 £ 14.8
Prior treatments
Glucocorticoids 26 (96%)
Mean dose (£ SD), mg/day (IQR 25th-75th) 8.3 + 5.4 (5-10)
csDMARDs or immunosuppressants * 22 (81.5%)

Number of previous csDMARDs or

1.4 (minimum 1, maximum 2)

immunosuppressants
Methotrexate 7 (26%)
Leflunomide 18 (67%)
Sulfasalazine 2 (8%)
Mycophenolate mofetil 2 (8%)

bDMARD * 20 (74%)

Number of previous bDMARD 1.5 (minimum 1, maximum 6)
Rituximab 10 (37%)

Number of cycles 4.4 (minimum 1, maximum 10)
Abatacept 11 (41%)
TNFi 4 (15%)
Tocilizumab 1 (4%)

Antifibrotic medication

Nintedanib 25 (92%)

Pirfenidone

As initial antifibrotic medication/ After nintedanib 2 (8%)/5 (18.5%)

Concomitant medication

Glucocorticoids 25 (93%)
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Table 1. Cont.

Dose of prednisone at initiation of initial antifibrotic

medication, 79+5

(mean =+ SD)

csDMARDs or immunosuppressants 21 (78%)
Leflunomide 16 (59%)
Mycophenolate mofetil 4 (15%)

Methotrexate 1 (4%)

bDMARD or JAKi * 22 (81.5%)
Abatacept 13 (48%)
Rituximab 10 (37%)
TNFi 1 (4%)
JAKi 2 (8%)

Need for oxygen therapy at initiation of initial

antifibrotic medication
* Some patients received more than one. Abbreviations ACPA: anticitrullinated protein autoantibodies; bD-
MARD: biologic disease-modifying antirheumatic drugs; csDMARDs: conventional synthetic disease-modifying
antirheumatic drugs; DAS28-ESR: Disease Activity Score in 28 joints using Erythrocyte Sedimentation Rate; HRCT:
high-resolution computed tomography; ILD: interstitial lung disease; IQR: interquartile range; JAKi: Janus kinase
inhibitors; %pDLCO: percent predicted diffusing capacity for carbon monoxide corrected for hemoglobin; %pFVC:
percent predicted forced vital capacity; RA: rheumatoid arthritis; SD: standard deviation; TNFi: tumor necrosis
factor inhibitor.

7 (26%)

Anticitrullinated protein antibodies (ACPA) were positive in 81.5% of patients, and
rheumatoid factor (RF) in 85%. Radiologically, 21 patients (78%) were classified as hav-
ing UID, five (18%) as fibrotic NSIP, and one (4%) as combined pulmonary fibrosis and
emphysema (CPFE). A smoking history was reported in 18 patients (67%).

With respect to antifibrotic treatment, 25 (92.5%) patients initiated therapy with
nintedanib, while two started therapy with pirfenidone due to concurrent anticoagu-
lant use. During follow-up, nintedanib was switched to pirfenidone in five patients because
of adverse effects; thus, seven (26%) patients received pirfenidone at some point during the
follow-up period.

At the onset of antifibrotic therapy, 10 (37%) patients exhibited moderate to high
RA activity according to the DAS28 ESR score (>3.2). The mean %pFVC was 86.6 & 15
(IQR 25th-75th percentile, 73-97.1), and the mean %pDLCO was 54.3 £ 14.8 (IQR 44-66).
Fourteen (52%) patients presented a decline of >10% in %pFVC.

3.2. Treatment Characteristics

Prior to the initiation of antifibrotic therapy (see Table 1), 26 (96%) patients had been
treated with GCs, 22 (82%) had received at least one csDMARD or IS, and 20 (74%) had
been treated with one or more bDMARDs.

Previous csDMARDs and IS included leflunomide (LEF) in 18 (67%) patients, methotrex-
ate (MTX) in seven (26%), sulfasalazine in two (8%), and mycophenolate mofetil (MMF)
in two (8%). The previous bDMARDs administered were rituximab (RTX) in 10 (37%),
abatacept (ABA) in 11 (41%), anti-tumor necrosis factor (TNF) alpha agents in four (15%),
and tocilizumab in one (4%).

All patients received antifibrotic therapy combined with either a bDMARD, a csD-
MARDY/IS, or both: 17 (63%) received a bDMARD plus a csDMARD/IS, 5 (19%) received
only a csDMARDY/IS, and five (19%) were on bDMARD monotherapy. Additionally, 25
(93%) patients also received GC at a mean dose of 8.3 &= 5.4 mg/day (IQR 5-10).

The biologic agents initially administered at the start of antifibrotic therapy were
ABA in 11 (41%), RTX in 8 (30%), JAK inhibitors (JAKis) in one (4%), and adalimumab in
one (4%). During follow-up, ABA was replaced by a JAKi in one patient, and RTX was
exchanged with ABA or vice versa in three patients (two initially treated with ABA were
switched to RTX, and one initially treated with RTX to ABA). The immunosuppressive
treatments used were LEF in 16 patients (59%), MMF in four (15%), and MTX in one (4%).
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Two patients (7.4%) had type 3 pulmonary hypertension confirmed by right heart
catheterization and seven patients (26%) required oxygen therapy at the start of antifibrotic
therapy. The median follow-up period after initiating antifibrotic agents was 25 months
(IQR 7-27), with a total follow-up of 48.7 patient years.

3.3. Efficacy Endpoints

Changes in the primary efficacy outcome measures assessed at 6 months and 1 year
following the initiation of antifibrotic therapy are presented in Tables 2 and 3 and illustrated
in Figure 1. Across the entire study population, prior to starting therapy, the mean decline
in %pFVC and %pDLCO from the time of ILD diagnosis to the initiation of antifibrotic
treatment (T0) was —8.9% (95% CI: 7.81 to 16.02; p = 0.0001) and —14.8% (95% CI: 9.53 to
20.16; p = 0.0001), respectively.

120
80
60
40
20
0
At time of RA-ILD At the start of the 6 months post- 12 months post-
diagnosis initial antifibrotic treatment treatment
medication
—%pFVC %pDLCO

Figure 1. Evolution of the predicted forced vital capacity (%pFVC) and the predicted diffusing
capacity for carbon monoxide corrected for hemoglobin (%pDLCO) before initiation of antifibrotic
therapy and after 1 year of treatment.

In three patients, antifibrotic therapy was discontinued due to adverse effects before
completing 6 months of treatment. In the remaining 24 patients (twenty-one UIP and three
non-UIP patterns), a slower decline in PFT parameters was observed after 6 months of
therapy (delta: percentage change from baseline): A%pFVC + 1.2% (95% CI: —5.67 to 3.41;
p = 0.611 compared with T0) and A%pDLCO + 3.9% (95% CI: —13.51 to 5.63; p = 0.400).

At 1 year of treatment, data were unavailable for nine patients: three had died due to
ILD progression, four had discontinued treatment due to adverse effects, and two had not
yet completed 12 months of therapy. Among the 18 patients who completed one year of
therapy (15 UIP and three NSIP patterns), a modest improvement in %pFVC was observed
(A +4.7%, 95% CI: —8.66 to —0.74; p = 0.023), along with a slowing in %pDLCO decline
(A —3.8%,95% CI: —1.82 to —9.25; p = 0.175).

Nine of the 24 patients completed 2 years of treatment (seven UIP and two NSIP),
maintaining a response in PFTs: A%pFVC: +7.7% (95% CI: —16.07 to —0.66; p = 0.037) and
A%pDLCO: —2.2% (95% CI: —7.67 to —12.07; p = 0.621).
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Table 2. Changes before and after 6 months and after 1 and 2 years of treatment with antifibrotic

(IQR, 25th-75th)

(IQR, 25th-75th)

medication.
Before Antifibrotics
At Time of RA-ILD Diagnosis At Lime of Initiation of Initial
Mean - SD Antifibrotic Medication Delta p Value
Mean + SD (Mean) (95% CI)

Total sample (N =

27)

%FVC predicted 95.5 4 14.6 (88.1-107.5) 86.6 + 15 (73-97.1) —8.9% 0.0001 (7.81 to 16.02)
%DLCO predicted 69.1 £ 18.8 (55.4-79.5) 54.3 £ 14.8 (44-66) —14.8%  0.0001 (9.53 to 20.16)
After 6 months of treatment

At time ofinitiation of initial
s . c .. 6 months post-treatment
antifibrotic medication Delta p value
mean + SD
mean £ SD (IOR, 25th-75th) (mean) (95% CI)
(IQR, 25th-75th) !
Total sample (N =
24)
UIP: 21 /Non-UIP: 3
%FVC predicted 88.2 £ 19 (73.7-102.7) 89.4 + 22.7 (74.4-105.5) +1.2% 0.611 (—5.67 to 3.41)
%DLCO predicted 57.4 4+ 16.6 (46.2-68.1) 61.3 4= 24.9 (40.5-79.6) +3.9% 0.400 (—13.51 to 5.63)
After 1 year of treatment
At tlm'e .oflm.tlatlon. of ! nitial 12 months post-treatment
antifibrotic medication Delta p value
mean + SD
mean + SD (IQR, 25th-75th) (mean) (95% CI)
(IQR, 25th-75th) ’
Total sample (N =
18)
UIP: 15/NSIP: 3
%FVC predicted 87.5 £ 20.7 (71.8-108.6) 92.2 + 24.8 (76-115.8) +4.7% 0.023 (—8.66 to 0.74)
%DLCO predicted 58.2 +17.9 (45.7-69.9) 54.4 +16.7 (42.7-67) —3.8%  0.175(—1.82 to —9.25)
After 2 years of treatment
At ;ﬁ;ﬁziﬁitlxl:;:;ilg:lal 24 months post-treatment Delta p value
mean < SD (IQR, 25th—75th) mean F SD (IQR, 25th-75th) (mean) (95% CI)
Total sample (N =9)
UIP: 7/NSIP: 2
%FVC predicted 89.1 £19.7 (71.6-111.4) 97.4 +19.7 (84.3-120.1) +7.7% 0.037 (—16.07 to 0.66)
%DLCO predicted 60.8 £ 20.3 (43.8-81.9) 58.6 £ 15.1 (45.5-73.1) —22%  0.621 (—7.67 to —12.07)

%pFVC = predicted forced vital capacity; %pDLCO = predicted diffusing capacity for carbon monoxide, corrected
for hemoglobin; UIP: usual interstitial pneumonia and NSIP: fibrotic non-specific interstitial pneumonia.

A comparison of pre- and post-treatment pulmonary variables revealed that PFT
deterioration either slowed or stabilized in approximately three quarters of the patients
(Table 3 and Figure 2). Additionally, prednisone doses were reduced in 10 out of 25 patients
(40%) following the initiation of antifibrotic therapy, with a mean reduction of —5.8 mg/day
(SD: 3.5 mg; 95% CI: 7.73 to 15.62; p < 0.046). Efficacy comparisons between radiological
patterns could not be performed due to the low number of non-UIP patterns.

3.4. Antifibrotic Tolerability and Retention

Seventeen patients (63%) continued treatment after a median follow-up period of
25 months (IQR 7-27) following the initiation of antifibrotic therapy. Among the 10 patients
who discontinued treatment, the reasons were death due to ILD progression and infectious
complications in four patients (15%), lung transplantation in one patient (4%), and adverse
events leading to treatment discontinuation in five patients (18.5%). The retention rate of
patients initially treated with nintedanib was 52% (13/25).
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Table 3. Lung function test results according to the definitions of ATS after antifibrotic therapy.

After 6 Months of Treatment

N=24
Improvement Stabilization Worsening
%FVC predicted 12.5% (3) 75% (18) 12.5% (3)
%DLCO predicted 21% (5) 58% (14) 21% (5)
After 12 months of treatment
N =18
%FVC predicted 22.2% (4) 66.7% (12) 11.1% (2)
%DLCO predicted 11.1% (2) 61.2% (11) 27.7% (5)
After 24 months of treatment
N=9
%FVC predicted 44.5% (4) 55.5% (5) 0
%DLCO predicted 22.2% (2) 44.5% (4) 33.3% (3)
100
80
60 @ Stabilization
OImprovement
40 .
Bl Worsening

20

%pFVC %pDLCO

Figure 2. Lung function test results (as defined by the ATS) after 12 months of antifibrotic therapy.

A total of 81.5% (22/27) of patients experienced adverse events (AEs) attributed to
antifibrotic treatment. Their frequency and types are detailed in Table 4. As expected, the
most common events were gastrointestinal events and hepatitis.

In 48.1% (13/27) of patients, antifibrotic therapy was temporarily suspended (mean
number of suspensions: 1.38 & 0.5; range: 1-2), and in 63% (17/27) of patients, the recom-
mended dosage was temporarily reduced (mean number of dose reductions:
1.53 + 0.5; range: 1-3).

The most frequent AEs leading to treatment discontinuation or permanent dose
reduction were diarrhea and hepatitis.

As previously reported, a second antifibrotic agent was prescribed for five (18.5%)
patients; all were initially treated with nintedanib and were switched to pirfenidone due to
adverse events. Among these five patients, three (60%) remained on pirfenidone after a
median follow-up of 13 months.
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Table 4. Adverse events associated with antifibrotic therapy.

N =27
Any adverse event 22 (81.5%)
Most frequent adverse events
Diarrhea 17 (63%)
Nausea/Vomiting 9 (33%)
ALT o AST increased 7 (26%)
Decreased appetite/weight loss 10 (37%)
Asthenia 2 (7.4%)
Abdominal pain 3 (11%)
Adverse event leading to permanent dose
reduction
Nintedanib (N = 25)/Pirfenidone (N =7) 10 (40%) /1 (14%)
Adverse event leading to treatment 5 (18.5%)

discontinuation

4. Discussion

To date, the effectiveness and tolerability of antifibrotics in RA-ILD have been eval-
uated in two randomized controlled trials (INBUILD and TRAIL1) [16,17], three obser-
vational studies [29-31], and several case reports and case series [32-36]. Our study is
among the few real-world analyses assessing antifibrotic effectiveness and drug reten-
tion in RA-ILD patients. Real-world data enable the inclusion of a more diverse patient
population, making the findings more reflective of daily clinical practice. Additionally,
real-world studies offer valuable insights into long-term safety, especially concerning rare
adverse events.

In both clinical trials (INBUILD with nintedanib and TRAIL1 with pirfenidone), an-
tifibrotic treatment demonstrated only a significant reduction in the rate of FVC decline,
without stopping or improving its value [16,17]. In contrast, real-world studies appear to
demonstrate either stabilization or a modestly improved trajectory in %pFVC [29-31].

In our cohort, the initiation of antifibrotics was associated with an initial stabilization
in %pFVC at 6 months, followed by a gradual, modest improvement (+4.7%; p = 0.023)
after the first year of therapy, whereas %pDLCO showed a mild, non-significant decline
(—3.8%; p = 0.175), indicating stabilization. The discrepancy between our results and those
of the clinical trials may be explained by selection bias, as all our patients were worsening
prior to starting antifibrotic treatment, which may bias outcomes toward improvement or
stabilization after this time point.

Duarte et al. [30] also reported that antifibrotic therapy interrupted the decline in FVC,
shifting from a pre-treatment decrease of 300 &= 500 mL per year to an improvement of
200 =+ 400 mL in the year following treatment initiation (p = 0.336), whereas %pDLCO
continued to decline slightly (3% pre-treatment vs. 2.9% post-treatment, p = 0.75). In Juge
et al.’s study, both nintedanib and pirfenidone were associated with a reduced decline in
the FVC and DLCO trajectories over 18 months [29]. This trajectory change was signifi-
cant for %pFVC (0.3% per year post-initiation compared with 6.2% per year pre-initiation,
p = 0.03) but not for absolute FVC or DLCO. In Behera’s study, after 6 months of antifi-
brotic treatment, the lung function values stabilized, with the %FVC from 62.5 £ 20.04 at
baseline to 63.2 £ 18.2 (p = 0.3) and the %DLCO increasing from 70.1 £ 15.2 to 72.1 + 12.4
(p=0.15) [31].

Recently, Ushio et al. have further demonstrated that nintedanib combined with ISs
significantly improves %FVC in patients with connective tissue disease-associated pro-
gressive fibrosing ILD, including cases with RA-ILD. Before treatment, the mean monthly
decline in FVC was —0.70%/month. After therapy, this shifted to a mean increase of
+0.54% /month (p < 0.001), with greater improvements observed in the nintedanib+IS group
(+1.71%/month) compared to the nintedanib monotherapy group (+0.34%/month). Addi-
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tionally, serum KL-6 levels, a biomarker of fibrosis, decreased significantly. The authors
concluded that nintedanib improves %FVC in connective tissue disease-associated PF-
ILD, with the combination of nintedanib plus ISs proving more effective than nintedanib
monotherapy in stabilizing pulmonary function [32].

Despite the apparent beneficial effect of antifibrotic therapy, 15% of our patients
died, and 4% underwent lung transplantation during the follow-up period. In other
observational studies, mortality rates ranged from 22% to 35% [29,30], whereas Juge’s study
reported a lung transplant rate of 5% [29], which closely aligns with our findings. Given
the persistently high rates of lung transplant and mortality, it may be worth reconsidering
whether antifibrotics are being introduced too late in clinical practice and assessing the
potential benefit of initiating them earlier in patients with fibrotic ILD patterns.

Real-world data confirm the safety of antifibrotic treatments combined with glucocorti-
coids, csDMARDs/ISs (LEF, MTX, and MMEF), with or without biologic agents (particularly
ABA and RTX) or JAK inhibitors, without any observed increase in serious infection
risk [29-36]. AEs occurred in 81% of our patients, which is higher than the 25% to 55.4%
reported in other observational studies [29-31], but lower than the 100% reported in the
INBUILD and TRAIL 1 trials [16,17]. As in other studies, the most common AEs were
gastrointestinal events and hepatitis.

In our series, adverse events resulted in a permanent dose reduction for 40% of patients
on nintedanib and 14% on pirfenidone and led to the discontinuation of antifibrotic therapy
in 18.5% of patients (compared with 21.4% of RA-ILD patients treated with nintedanib
in the INBUILD trial [16] and 24% of patients treated with pirfenidone in the TRAIL1
trial [17]).

However, owing to this and other factors (such as death from ILD progression and
infectious complications, or the need for lung transplantation), the retention rate at the end
of the follow-up period was only 63% (52% for nintedanib). The discontinuation rate in our
cohort was 37% overall and 48% among those initially treated with nintedanib, which was
higher than that reported in clinical trials (INBUILD: 23.8%, TRAIL1: 24%), but similar to
that reported in previously published real-world studies (30% to 46%) [29,30].

Finally, on the basis of our experience with both RA-ILD and systemic sclerosis-
associated ILD, switching to pirfenidone may be a successful alternative for patients
intolerant to nintedanib. In our series, efficacy comparisons between radiological patterns
could not be performed due to the low number of non-UIP patterns. However, in the
study by Juge et al. [29], both nintedanib and pirfenidone demonstrated similar changes in
FVCpp trajectory, with no statistically significant differences.

When interpreting our study’s results, it is crucial to acknowledge several limitations
inherent to its retrospective observational design. These include the small sample size,
selection bias (as all patients had experienced ILD worsening prior to initiating antifi-
brotic therapy), the absence of post-treatment HRCT, the concomitant use of oral GCs,
c¢sDMARDs/ISs, and/or biologics in all patients, and the lack of a control group. While
the effects on lung progression cannot be definitively attributed solely to antifibrotics, the
study specifically included patients with progressive RA-ILD who had not responded to
conventional therapies. Furthermore, the baseline regimens of csDMARDs, ISs, and /or
biologic agents were maintained without de-escalation throughout the follow-up period
after antifibrotic initiation, allowing patients to serve as their own controls. Pre- and
post-treatment lung function trends provided compelling evidence of treatment effects
attributable to antifibrotic rescue therapy, a conclusion further supported by the use of
objective outcome measures, which minimized examiner bias. Nonetheless, we cannot
rule out other residual confounders affecting associations between antifibrotics use and
outcomes, since no adjusted analysis could be performed due to the small sample size.

However, our data reflect outcomes from real-world clinical practice in managing
refractory cases of this severe complication, with the added strength that our study was
conducted independently of corporate sponsorship. Additionally, patients were followed
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in a structured, protocolized manner with standardized data collection, and the duration of
antifibrotic exposure was relatively prolonged.

In conclusion, our real-world data indicate that antifibrotic therapy stabilizes lung
function in most patients with progressive fibrosing RA-ILD. Adverse events are frequent,
particularly gastrointestinal events, which impact treatment survival and lead to a nonneg-
ligible rate of permanent dose reduction and treatment discontinuation. Further studies
with larger sample sizes are necessary to strengthen these findings, particularly regarding
effectiveness analysis, and to better establish the optimal therapeutic window for their use.
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Abstract: Background/Objectives: Osteoporosis is common in rheumatoid arthritis (RA), occurring
either systemically or locally around inflamed joints. Decreased metacarpal bone density is a known
marker of RA progression and hand function impairment. Although RA is generally characterized by
symmetrical arthritis, some patients exhibit asymmetrical joint involvement. This study investigates
the frequency of unilateral metacarpal bone density reduction in RA patients and aims to identify
associated factors. Methods: This study included 143 RA patients (107 females, mean age 62.4 yrs.,
mean disease duration 11.1 yrs.). Bilateral hand X-rays were used to measure the cortical thickness
rate (CTR) of the 2nd to 4th metacarpals. Unilateral bone density reduction was defined as a
thin-to-thick-side CTR ratio (CTRR) < 0.8. Associations between CTR reduction and unilateral
wrist joint damage (WJD) were analyzed. Results: Unilateral CTR reduction (CTRR < 0.8) was
observed in 16.8% of patients, significantly associated with unilateral WJD. Among patients with
unilateral WJD, 50.0% showed CTRR lateral (+) compared to 10.1% without unilateral W]JD (p < 0.01).
ANCOVA revealed significant effects of W]D laterality on CTRR, with an interaction effect showing
greater CTRR laterality when thin-side WJD was present without thick-side WJD. Post-biologic
treatment, CTR values decreased in both hands, indicating no improvement in bone density reduction.
Conclusions: Approximately 17% of RA patients exhibited unilateral relative metacarpal bone
density reduction, closely associated with unilateral W]D. This first detailed report on bone density
laterality in RA underscores the need for early intervention and rehabilitation strategies in RA patients

with hand involvement.

Keywords: rheumatoid arthritis; metacarpal bone density laterality; asymmetric wrist joint damage

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory systemic autoimmune disease
characterized by the inflammation of the synovial membrane. While the etiology of RA
is unclear, environmental factors, genetic susceptibility, and interactions among multiple
immune cells are assumed to be involved in RA pathogenesis [1].

In this era of biological agents, the prognosis of patients with RA has improved.
However, the prevalence of osteoporosis in RA patients remains high. Osteoporosis in RA
patients likely occurs through two mechanisms: generalized osteoporosis, observed as axial
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skeletal osteoporosis associated with factors such as immobility, glucocorticoid use, and
other comorbidities [2,3]; and localized osteoporosis that develops around the joints due to
inflammation and inflammatory mediators, which is observed as cortical bone loss in the
diaphysis [4,5]. Research on osteoporosis in RA has mainly focused on generalized bone
loss, with less attention to localized loss, seen as cortical reduction around the joints [6,7].

Periarticular osteoporosis, a form of localized osteoporosis, has been identified as one
of the characteristics of RA [8,9]. Evidence suggests periarticular osteoporosis occurs early
in the course of RA [10] and has been suggested to precede bone erosion [11]. Periarticular
osteoporosis is thought to be directly influenced by inflammation, primarily driven by
the local release of inflammatory cytokines [12]. Cross-sectional studies showed that bone
loss in the diaphysis regions of hand cortical bones was associated with joint damage,
suggesting a relationship between these processes. Therefore, periarticular osteoporosis
has distinct risk factors compared to systemic osteoporosis, which is primarily induced by
immobility and treatments such as glucocorticoids [13-15].

Regarding inflammatory bone loss in the hands, osteoporosis occurs not only in pe-
riarticular regions directly affected by arthritis but in the cortical bone of the metacarpal
diaphysis. This suggests that inflammation-induced bone loss may extend to adjacent
cortical bones even without direct synovial contact [16-18]. Furthermore, decreased bone
density in the metacarpals has been reported as a surrogate marker for disease progres-
sion [19-21], morbidity [22,23], comorbidity [24,25], and impaired hand function [26],
highlighting the importance of its assessment.

Symmetrical arthritis is characteristic of RA and was included in the 1987 Rheumatoid
Arthritis Classification criteria [27]. It is defined as simultaneous involvement of the same
joint areas on both sides of the body, where bilateral involvement of one or more proximal
interphalangeal, metacarpophalangeal, and metatarsophalangeal joints is acknowledged
without requiring absolute symmetry. However, studies show that some patients exhibit
asymmetrical arthritis [28,29].

We encountered a case of asymmetrical osteoporosis in the metacarpals of a patient
presenting with asymmetrical lesions in carpal bones (Figure 1). While decreased bone
density in the metacarpal diaphysis is characteristic of RA-associated osteoporosis, whether
or not asymmetrical hand arthritis leads to unilateral reduction in hand bone density
remains unclear. Based on previously reported methods to evaluate the thickness of
metacarpal cortical bone [25,30], we examined the frequency of unilateral cortical bone
density reduction in the metacarpal diaphysis. We aimed to determine the frequency of
unilateral bone density reduction in RA patients with asymmetrical hand arthritis and to
identify contributing factors beyond joint damage that may underlie these differences.

Figure 1. Rheumatoid arthritis patients typically exhibit symmetrical arthritis, though some are
known to show asymmetric arthritis. We encountered a patient with asymmetrical osteoporosis of
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the metacarpal bones and asymmetrical carpal lesions, which inspired this study. Upper Red Circled
Regions: These focus on the cortical bone of the metacarpal diaphysis, showing differences in cortical
thickness. The thinning of the cortical bone in these areas is more pronounced on one side, suggesting
localized bone loss, often associated with periarticular osteoporosis in rheumatoid arthritis. Lower
Red Circled Regions: These highlight the wrist joint areas, illustrating bone erosion, joint space
narrowing, or other joint damage. A clear asymmetry between the left and right wrist joints is
observed, indicating more severe joint damage on one side, likely due to localized inflammation and
progressive joint damage.

2. Materials and Methods
2.1. Subjects

The study participants comprised 143 RA patients (107 females) diagnosed according
to 1987 American College of Rheumatology classification criteria for RA [27] and /or 2010
ACR/EULAR classification criteria for RA [31] and treated at Ishikawa Prefectural Central
Hospital or Kanazawa University Hospital. Although patients diagnosed before 2010
were initially classified using the 1987 criteria due to the unavailability of the 2010 criteria
at that time, all patients met the 2010 ACR/EULAR classification criteria at the time of
this investigation.

2.2. Methods

C-reactive protein (CRP), rheumatoid factor (RF), anti-cyclic citrullinated peptide anti-
bodies (anti-CCP), and erythrocyte sedimentation rate were measured from patient serum
samples. Swollen and tender joints, patient visual analogue score (VAS), and physician
VAS were assessed during physical examinations. Based on these assessments, disease
activity indices such as the Clinical Disease Activity Index, Simplified Disease Activity
Index, Disease Activity Score in 28 joints with Erythrocyte Sedimentation Rate, and Dis-
ease Activity Score in 28 joints with CRP were calculated. In some patients, the Health
Assessment Questionnaire was also evaluated. Smoking status, alcohol consumption,
and comorbidities, including diabetes mellitus and chronic kidney disease (CKD), were
assessed from medical records. Diabetes was defined as its diagnosis prior to or at baseline,
or use of oral antidiabetic medications. CKD was defined as estimated glomerular filtra-
tion rate < 60 mL/min/1.73 m?, or persistent kidney abnormalities, such as proteinuria,
>3-months [32]. Dominant hand, and history of hand surgery, were also evaluated in
medical records. Regarding medications, the use of nonsteroidal anti-inflammatory drugs,
disease-modifying antirheumatic drugs, prednisolone, methotrexate, bisphosphonates,
vitamin D supplements, and other anti-osteoporosis drugs was investigated. For patients
taking prednisolone or methotrexate, the dosage was recorded. The use of biological agents
(infliximab, etanercept, adalimumab, tocilizumab, abatacept, golimumab, and certolizumab
pegol) was also evaluated. Additionally, Steinbrocker’s staging and functional classification
were assessed from medical records [33].

2.3. Radiological Examinations

X-rays of both hands were obtained using Fuji computed radiography (FCR 9000C,
Fujifilm Corporation, Tokyo, Japan). Radiographs were examined in the electronic medical
record system by one of two blinded readers. The method for evaluating cortical thickness
rate (CTR) was based on the techniques described by Roldan et al. [30] and Haara et al. [25].
The outer (periosteal) diameter and inner (endosteal) diameter were measured at the
midpoint of the diaphysis in the 2nd to 4th metacarpal bones of both hands. The CTR for
each metacarpal was calculated as the thickness of the cortical bone (difference between
outer and inner diameters) divided by the outer diameter (Figure 2). The average CTR
across the 2nd to 4th metacarpals was then calculated and defined as the CTR for this
study. Based on the report by Vehmas et al. [34], CTR < 0.50 was defined as low. CTR
was evaluated in both hands and the metacarpal with lower CTR was designated “thin-
side” while that with higher was designated “thick-side.” The ratio of thin- to thick-side
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CTRs was termed CTRR. In the absence of studies on CTRR laterality, from osteoporosis
diagnostic criteria [35], we defined CTRR < 0.8 as CTRR lateral (+). Bone damage was
classified as Stage II per Steinbrocker’s criteria [33]. Wrist joint damage (W]D), including
damage of the wrist, carpal bones, and metacarpophalangeal (MP) joints of the 2nd to 4th
fingers, was assessed in both hands. For W]D, patients with findings on only one side were
classified as WJD lateral (+) and on both or neither side as WJD lateral (—).

Figure 2. In this radiographic image of the metacarpal bone, the solid white line (upper line in the figure)
represents the periosteal (outer) diameter, and the dotted white line (lower line in the figure) represents
the endosteal (inner) diameter. These measurements are taken at the midpoint of the diaphysis. Cortical
thickness is calculated as the difference between the outer and inner diameters, and the cortical thickness
rate (CTR) is calculated by dividing the cortical thickness by the outer diameter.

The formula for CTR is as follows:
CTR = (outer diameter — inner diameter)/outer diameter

2.4. Statistical Analyses

Results are expressed as mean + standard deviation for normally distributed data,
while non-normally distributed data are presented as median with interquartile ranges
(25th percentile [Q1] to 75th percentile [Q3]). For univariate analyses, differences in means
between two groups were evaluated using the Mann-Whitney U test for continuous vari-
ables. For categorical data, Chi-square or Fisher’s exact test was applied. For nonparametric
paired data, the Wilcoxon test was used. To evaluate correlations between continuous para-
metric data, Pearson’s correlation test was used. Multivariate analysis was performed using
analysis of covariance (ANCOVA). Explanatory variables included those with significant
correlations in univariate analysis as well as clinically relevant variables. Variables that did
not have a normal distribution were logit-transformed to meet the normality assumption
required for statistical analysis. SPSS version 26.0 was used for all statistical analyses with
two-tailed p < 0.05 deemed statistically significant.

3. Results
3.1. Study Participants

This study included 143 RA patients (107 females, 36 males, mean £ SD: age
62.4 £+ 12.1 yrs, disease duration 11.1 £ 9.3 yrs). Demographic data are shown in Ta-
ble 1. Smoking was reported in 25 patients (17.5%), alcohol consumption in 23 (16.1%), and

153



J. Clin. Med. 2024, 13, 7652

126 (88.1%) were right-handed. A history of hand surgery was reported in seven (4.9%),
diabetes mellitus in eighteen (12.6%), and chronic kidney disease in six (4.2%) patients. As
most study participants were outpatients, disease activity indices indicated remission or
low activity (Table 1). Regarding medication, 4.8 £ 4.1 mg/week methotrexate was admin-
istered to 95 (66.4%), 1.8 &= 2.3 mg/day prednisolone to 73 (51.0%) and disease-modifying
antirheumatic drugs to 47 patients (32.8%). Biologic agents were administered to 56 patients
(39.2%). Bisphosphonates were used by forty-three (30.1%), vitamin D supplements by
twenty-five (17.3%), and other anti-osteoporosis drugs by three patients (2.1%) (Table 1).

Table 1. Characteristics of study participants.

Variable Values (n = 143)
Age (yrs.) Median (IQR): 64 (54-71)
Sex (female/male) 107/36
Disease duration (yrs) Median (IQR): 8 (4-14)
Height (cm) 156.9 + 9.4
Weight (kg) Median (IQR): 52.3 (46.2-61.4)
Body mass index 220+ 3.1
Smoking, n (%) 25 (17.5%)
Alcohol drinking, n (%) 23 (16.1%)
Right-handedness, n (%) 126 (88.1%)
Operation (hand), n (%) 7 (4.9%)
Diabetes mellitus, n (%) 18 (12.6%)
Chronic kidney disease, n (%) 6 (4.2%)
CRP (mg/dL) Median (IQR): 0.10 (0.00-0.30)
ESR (mm/1h) Median (IQR): 16 (9-29)
DAS28-CRP Median (IQR): 1.73 (1.24-2.40)
DAS28-ESR 2.79 £1.10
CDAI Median (IQR): 2.2 (0-5.16)
SDAI Median (IQR): 2.4 (0.3-5.5)
RF positive, n (%) 92/113 (81.4%)
ACPA positive, n (%) 53/71 (74.6%)
Methotrexate, n (%) 95 (66.4%)
Dose (mg/week) 48+41
Prednisolone, n (%) 73 (51.0%)
Dose (mg/day) 1.8+25
DMARD:s, n (%) 47 (32.8%)
Biologic therapy, n (%) 56 (39.2%)
Bisphosphonate, n (%) 43 (30.1%)
Vitamin D, n (%) 25 (17.5%)
Other anti-osteoporosis drug, n (%) 3(2.1%)

Median (Q1-Q3): The median value is presented with the interquartile range (25th percentile [Q1] to 75th
percentile [Q3]). Mean + SD: The mean value is presented with its standard deviation (SD). Age (yrs.): Age in
years. Sex (female/male): Number of female and male participants. Disease duration (yrs.): Duration of disease
in years. Height (cm): Participant height in centimeters. Weight (kg): Participant weight in kilograms. Body mass
index: Body mass index calculated as weight (kg) divided by height squared (m?). Smoking, n (%): Number
and percentage of participants who smoke. Alcohol drinking, n (%): Number and percentage of participants
who consume alcohol. Right-handedness, n (%): Number and percentage of participants with right-handed
dominance. Operation (hand), n (%): Number and percentage of participants who underwent hand surgery.
Diabetes mellitus, n (%): Number and percentage of participants with diabetes. Chronic kidney disease, n (%):
Number and percentage of participants with chronic kidney disease. CRP (mg/dL): C-reactive protein levels in
milligrams per deciliter. ESR (mm/1 h): Erythrocyte sedimentation rate in millimeters per hour. DAS28-CRP:
Disease Activity Score in 28 joints with CRP. DAS28-ESR: Disease Activity Score in 28 joints with Erythrocyte
Sedimentation Rate. CDAI: Clinical Disease Activity Index. SDAI: Simplified Disease Activity Index. RF positive,
n (%): Number and percentage of participants testing positive for rheumatoid factor. ACPA positive, n (%):
Number and percentage of participants testing positive for anti-citrullinated protein antibody. Methotrexate, n (%):
Number and percentage of participants treated with methotrexate. Dose (mg/week): Weekly dose of methotrexate
in milligrams. Prednisolone, n (%): Number and percentage of participants treated with prednisolone. Dose
(mg/day): Daily dose of prednisolone in milligrams. DMARDs, n (%): Number and percentage of participants
treated with disease-modifying antirheumatic drugs (DMARDs). Biologic therapy, n (%): Number and percentage
of participants receiving biologic therapies. Bisphosphonate, n (%): Number and percentage of participants
treated with bisphosphonates f. Vitamin D, n (%): Number and percentage of participants treated with vitamin D.
Other anti-osteoporosis drug, n (%): Number and percentage of participants treated with non-bisphosphonate
anti-osteoporosis drugs.
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3.2. Metacarpal CTR

The mean bilateral CTR of the 2nd to 4th metacarpals was 0.423 £ 0.123, with the
thin-side being 0.399 + 0.125 and the thick-side 0.446 & 0.124, making CTRR 0.890 = 0.088.
CTR < 0.500 was observed in 114 patients (79.7%) on the thin-side and 95 (66.4%) on the
thick-side. In total, 19 patients (13.2%) showed CTR < 0.500 exclusively on the thin-side
and 29 (20.3%) > 0.500 on both sides (Table 2).

Table 2. Characteristics of study participants.

Values (n = 143)

Thin-side CTR 0.399 £+ 0.125
Thick-side CTR 0.446 + 0.124
Mean of thin- and thick-side CTRs 0.423 + 0.123
Low CTR (thin-side), n (%) 114 (79.7%)
Low CTR (thick-side), n (%) 95 (66.4%)
Low CTR (only thin-side), n (%) 19 (13.2%)
Normal CTR (both thin- and thick-sides), n (%) 29 (20.3%)
Joint damage
Wrist joint: none, n (%) 77 (53.8%)
Wrist joint: unilateral, n (%) 24 (16.7%)
Wrist joint: bilateral, n (%) 42 (29.4%)
2nd MP joint: none, n (%) 113 (79.0%)
2nd MP joint: unilateral, n (%) 8 (5.6%)
2nd MP joint: bilateral, n (%) 22 (15.4%)
3rd MP joint: none, n (%) 117 (81.8%)
3rd MP joint: unilateral, n (%) 12 (8.4%)
3rd MP joint: bilateral, n (%) 14 (9.8)
4th MP joint: none, n (%) 122 (85.3%)
4th MP joint: unilateral, n (%) 12 (8.4%)
4th MP joint: bilateral, n (%) 8 (5.6%)

Mean =+ SD: The mean value is presented with its standard deviation (SD). CTR: cortical thickness rate. In each
patient, the side with the lower cortical thickness rate (CTR) of the metacarpals was designated the “thin-side”
and that with the higher CTR the “thick-side”. Low CTR (thin-side), n (%): proportion of cases with CTR < 0.50
on the thin-side. Low CTR (thick-side), n (%): proportion of cases with CTR < 0.50 on the thick-side. Low CTR
(only thin-side), n (%): proportion of cases with CTR < 0.50 on thin-side only. Normal CTR (both thin- and
thick-side), n (%): proportion of cases with CTR > 0.50 on both sides. Wrist joint/2nd—4th MP joint: none, n
(%): No lesions detected. Wrist joint/2nd—4th MP joint: unilateral, n (%): Lesions present on one side (right
or left). Wrist joint/2nd—4th MP joint: bilateral, n (%): Lesions present on both sides (right and left). MP joint:
Metacarpophalangeal joint.

3.3. Damage to Wrist and Metacarpophalangeal Joints

Regarding W]D, 77 patients (53.8%) showed none, 24 (16.8%) showed unilateral and
42 (29.4%) bilateral damage. For MP joints, the figures were as follows: 2nd MP joint—one
hundred and thirteen (79.0%), eight (5.6%), and twenty-two (15.4%) patients; 3rd MP
joint—one hundred and seventeen (81.8%), twelve (8.4%), and fourteen (9.8%); and 4th
MP joint—one hundred and twenty-two (85.9%), twelve (8.5%), and eight patients (5.6%),
respectively (Table 2).

3.4. Unilateral Reduction of Metacarpal CTR

CTRR lateral (+) was observed in 24 patients (16.8%). Among the 20 patients with
known hand dominance, 10 showed reduced cortical thickness on the dominant side, and
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10 on the non-dominant side. A total of 119 patients (83.2%) had CTRR > 0.8, classified as
CTRR lateral (—). CTRR showed a non-normal distribution; therefore, a logit transformation
was applied to approximate normality. This approximation was confirmed by examining
the histogram of the transformed data (Figure 3).

Number of participants

25

20

8.00
Logit CTRR

Figure 3. Histogram of Logit CTRR values. This histogram shows the distribution of Logit CTRR
values. The x-axis represents Logit CTRR values, ranging from approximately 0 to 8, and the y-axis
indicates the frequency of occurrences in each range. The distribution of this histogram closely
approximates a normal distribution.

3.5. Comparative Analysis of Laterality in Metacarpal CTR and W]D

In patients with W]D, a Chi-square test revealed a significant association between
W]JD and metacarpal CTR laterality where 50.0% of patients classified as W]D lateral (+)
were also CTRR lateral (+), compared to only 10.1% of those classified as W]D lateral (—).
Thus, unilateral WJD was associated with an almost 5-fold higher frequency of laterality
in metacarpal cortical thickness. While this strong association was observed between
CTR and W]D laterality (p < 0.01, Table 3), no significant association was found between
W]D laterality and hand dominance, nor between WJD laterality and other parameters.
In additional analysis, we compared 102 patients diagnosed with the 1987 criteria and
later meeting the 2010 criteria (Old group), with 41 patients meeting the 2010 criteria from
the start (New group). CTR lateral (+) was observed in twenty of the Old group and
four of the New group with no significant difference between these groups (Chi-square
test, p = 0.24). These findings suggest that the diagnostic criteria did not influence CTRR
laterality (Supplementary Data, Table S1).

Table 3. Comparison of laterality in wrist joint damage and cortical thickness rate ratio (CTRR) in

RA Patients.
WJD Lateral (+) W]JD Lateral (—)
CTRR lateral (+) 12 12 24
CTRR lateral (—) 12 107 119
24 119 143

CTRR: cortical thickness rate ratio = CTR (thin-side)/CTR (thick-side). CTRR lateral (+) = CTRR < 0.8. CTRR
lateral (—) = CTRR > 0.8. WJD: wrist joint damage. W]D lateral (+) = WJD in one hand. WJD lateral (—) = W]D in
both hands or no hand. WJD lateral (+) and CTRR lateral (+) were significantly related: X2 test (p < 0.001).

3.6. Relationship Between Thin- and Thick-Side CTRs, Logit CTRR, and Various
Parameters (ANCOVA)

ANCOVA were conducted using thin- and thick-side CTRs as dependent variables
to assess the effects of wrist joint lesions, sex (female), handedness, age, and interactions
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between thin- and thick-side WJDs. No significant interaction between thin- and thick-
side WJDs was observed. Age was significant in both analyses (p < 0.001), whereas
high p-values for sex and handedness indicated adjustment was unnecessary (Analysis 1,
Table 4). ANCOVA was repeated with thin- and thick-side CTRs as dependent variables
adjusted for age, excluding sex and handedness as parameters. Consistently, no significant
interaction effect between thin- and thick-side W]Ds was observed (Analysis 2, Table 4).
Additional analyses were conducted excluding the interaction between thin- and thick-
side W]Ds. For thin-side CTR, significant effects were observed for thin-side W]D (p =
0.004), thick-side WJD (p = 0.005), and age (p < 0.001). For thick-side CTR, significant
effects were found for thick-side W]D (p < 0.001) and age (p < 0.001), while no significant
effect for thin-side WJD was observed (p = 0.627) (Analysis 3, Table 4). Further multiple
comparisons were performed. For thin-side CTR, a significant difference was observed
based on presence or absence of thin-side WJD (main effect test: p = 0.005, estimated
marginal mean CTR difference of 0.05637) and thick-side WJ]D (main effect test: p = 0.004,
estimated marginal mean CTR difference of 0.06035) (Table 5). For thick-side CTR, no
significant difference was found based on presence or absence of thin-side WJD (main
effect test: p = 0.627, mean CTR difference of 0.00956); however, a significant difference was
observed for presence or absence of thick-side WJD (main effect test: p < 0.001, estimated
marginal mean CTR difference of 0.093) (Table 5). ANCOVA was conducted with Logit
CTRR as the dependent variable. Following the approach used in Analysis 2 for thin-
and thick-side CTRs, adjustments were made for age, and the effects of thin-side WJD,
thick-side W]D, and their interaction were examined. Neither age, thin-side W]D, nor thick-
side WJD showed statistical significance, whereas interaction between thin- and thick-side
W]Ds was significant (Table 4). Further multiple comparisons were performed. In the
simple main effects test, when thick-side WJD was absent, Logit CTRR was significantly
lower in the presence of thin-side W]D compared to its absence (mean difference: —1.461,
OR: 0.232, p < 0.001). When thin-side W]D was present, Logit CTRR was significantly
higher in the presence of thick-side WJD compared to its absence (mean difference: 0.833,
OR: 2.300, p = 0.014). In contrast, no significant difference in Logit CTRR was observed
between the presence and absence of thin-side WJD when thick-side WJD was present or
between presence and absence of thick-side W]D when thin-side W]JD was absent (Table 5).
Additional analyses revealed that neither rheumatoid factor (RF) and/or anti-CCP Ab nor
prednisolone use had a significant impact on thin-CTR, thick-CTR or CTRR (Supplementary
Data, Tables S2 and S3). Prednisolone use had also no significant impact on the laterality of
joint damage (Supplementary Data, Table 54).

Table 4. Analysis of covariance between thin-side CTR, thick-side CTR, Logit CTRR, and associ-
ated parameters.

Analysis 1 Analysis 2 Analysis 3
F df p-value F df p-value F df p-value
Age 63.54 1,125 <0.001 ** 72.18 1,138 <0.001 ** 72.78 1,139 <0.001 **
Sex (Female) 0.99 1,125 0.32 not included not included
Thin-side Dominant hand 0.00 1,125 0.95 not included not included
CTR Thin-side WJD 334.40 1, 8.041 <0.001 ** 33.60 1, 1.060 0.10 8.00 1,136 0.005 **
Thick-side WJD 114.22 1,8.041 <0.001 ** 46.58 1,1.030 0.09 8.69 1,139 0.004 **
Interaction 0.01 1,125 0.92 0.19 1,138 0.67 not included
Analysis 1 Analysis 2 Analysis 3
F df p-value F df p-value F df p-value
Age 72.78 1,125 <0.001 ** 86.36 1,138 <0.001 ** 86.22 1,139 <0.001 **
Sex (Female) 0.91 1,125 0.34 not included not included
Thick-side Dominant hand 0.00 1,125 0.96 not included not included
CTR Thin-side WJD 1.83 1,1.028 0.40 0.72 1,1.014 0.55 0.24 1,139 0.63
Thick-side WJD 6.64 1,1.023 0.23 23.74 1, 1.007 0.13 21.10 1,139 <0.001 **
Interaction 1.28 1,125 0.26 0.77 1,138 0.38 not included
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Table 4. Cont.

Analysis 2
F df p-value
Age 0.41 1,138 0.52
Logit Thin-side WJD 2.95 1,1.003 0.34
CTRR Thick-side WJD 0.30 1,1.001 0.68
Interaction 3.94 1,138 <0.05 *

CTR: cortical thickness rate. In each patient, the side with the lower cortical thickness rate (CTR) of the metacarpals
was designated the “thin-side” and that with the higher CTR the “thick-side”. WJD: wrist joint damage. CTRR: cor-
tical thickness rate ratio = CTR (thin-side) /CTR (thick-side). Logit CTRR = In {CTRR/(1-CTRR)}. To approximate a
normal distribution for analysis of covariance (ANCOVA), CTRR was transformed using logit transformation. This
involved applying the logit function to CTRR values, defined as: Logit CTRR = In {CTRR/(1-CTRR)}. Interaction
*: interaction between thin- and thick-side WJDs. Analysis 1: ANCOVA with the following dependent variable
and factors: age, sex (female), dominant hand, W]D thin-side, W]D thick-side, and interaction between thin- and
thick-side W]Ds. Analysis 2: ANCOVA with the following dependent variable and factors: age, WJD thin-side,
WIJD thick-side, and interaction between thin- and thick-side W]Ds. (excluding sex (female) and dominant hand
in Analysis 1). Analysis 3: ANCOVA with the following dependent variable and factors: age, W]D thin-side,
W]JD thick-side (excluding interaction between thin- and thick-side W]Ds in Analysis 2). F: F-value. df: degrees
of freedom, expressed as F (df1, df2), where df1 is df for the factor between-groups and df2 is df for the error
within-groups. *: significant, p-value < 0.05. **: significant, p-value < 0.01.

Table 5. Effect of W]JD on thin-side CTR, thick-side CTR, and CTRR: post-hoc analysis of ANCOVA.

Thinner side CTR, Analysis 3

Thick-side WJD (—) Thick-side WD (+) EM mean Main effect p-value
Thin-side W]D (—) 0.443 0.383 0.413 -
Thin-side W]D (+) 0.387 0.326 0.356 —0.056 0.005
EM mean 0.415 0.354
Main effect —0.060
p-value 0.004 **
Thicker side CTR, Analysis 3
Thick-side WJD (—) Thick-side WD (+) EM mean Main effect p-value
Thin-side W]D (—) 0.482 0.390 0.436 0010 0.63
Thin-side W]D (+) 0.473 0.380 0.426 : :
EM mean 0.477 0.385
Main effect —0.093
p-value <0.001 **
Logit CTRR, Analysis 2
Thick-side WJD (=) Thick-side WD (+) Slmgflfeez’t“am OR p-value
Thin-side W]D (—) 2.883 a 2.642b b-a —0.242 0.785 0.57
Thin-side W]D(+) 1423 ¢ 2.255d d-c 0.833 2.300 0.014 *
c-a d-b
Simple main effect —1.461 —0.386
OR 0.232 0.680
p-value <0.001 ** 0.38

In each patient, the side with the lower cortical thickness rate (CTR) of the metacarpals was designated the
“thin-side” and that with the higher CTR the “thick-side”. W]D: wrist joint damage. CTRR: cortical thickness rate
ratio = CTR (thin-side) /CTR (thick-side). Logit CTRR = In {CTRR/(1-CTRR)}. To ensure normality of variables for
the analysis of covariance (ANCOVA), the variable CTRR was transformed using a logit transformation. This
process involved applying the logit function to CTRR values, defined as: Logit CTRR = In {CTRR/(1-CTRR)}.
Analysis 1: ANCOVA with the following dependent variable and factors: age, sex (female), dominant hand, WJD
thin-side, W]D thick-side, and interaction between thin- and thick-side W]Ds. Analysis 2: ANCOVA with the
following dependent variable and factors: age, WJD thin-side, W]D thick-side, and interaction between thin- and
thick-side W]Ds. (excluding sex (female) and dominant hand in Analysis 1). Analysis 3: ANCOVA with the
following dependent variable and factors: age, W]D thin-side, W]JD thick-side (excluding interaction between
thin- and thick-side W]Ds in Analysis 2). EM = estimated marginal mean, the adjusted mean accounting for
covariates in the ANCOVA model. OD: odds ratio. *: significant, p-value < 0.05. **: significant, p-value < 0.01.

3.7. CTR Evaluation in Right and Left Hands Pre- and Post-Biologic Therapy in 30 Patients

In 30 patients, CTR was evaluated in both hands pre- and post-biologic therapy. CTR
significantly decreased from 0.460 + 0.105 to 0.413 £ 0.107 in the right hand and from
0.457 4 0.106 to 0.423 £ 0.113 in the left hand (Table 6). Among patients with CTR > 0.50
at baseline, significant reductions were also observed: right hand from 0.569 + 0.275 to
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0.497 £ 0.0855 and left hand from 0.567 % 0.390 to 0.506 + 0.102 (Table 6). Analysis of
30 cases revealed that the duration of biologic agent administration had no significant effect
on CTRs (Supplementary Data, Table S5), and differences in effects among agents could
not be evaluated due to small sample sizes.

Table 6. CTR of right and left hands pre- and post-biologic therapy.

Pre-Biologics Post-Biologics Number p-Value

CTR (right) 0.460 £ 0.105 0.413 £ 0.107 30 <0.001 **
CTR (left) 0.457 £ 0.106 0.423 £ 0.113 30 0.029 *
CTR (right) # 0.569 £ 0.275 0.497 £ 0.855 11 0.018 *
CTR (left) # 0.567 £ 0.390 0.506 £ 0.102 10 0.041 *

#: CTR > 0.50 at baseline. *: significant, p-value < 0.05. **: significant, p-value < 0.01.

4. Discussion

Metacarpal bone density decrease was bilateral in 66.4% and relatively unilateral in
16.8% of the RA patients studied. The latter was closely associated with ipsilateral WJD,
suggesting asymmetrical W]D is involved in unilateral decreased metacarpal bone density.

Roldan et al. [30] reported that cortical bone loss in the metacarpals of RA patients
correlated with the length of the observation period, identifying erythrocyte sedimentation
rate and total steroid dosage as independent factors in multivariate analysis. This demon-
strated an association between systemic inflammation and decreased metacarpal bone
density. In our study, Logit CTRR was analyzed as the dependent variable using ANCOVA,
adjusted for age and including thin-side WJD, thick-side W]D, and their interaction. Age,
thin-side WJ]D, and thick-side WJD were not significant factors, whereas the interaction
was. Further multiple comparisons showed that under conditions without thick-side W]D,
Logit CTRR was significantly lower when thin-side WJD was present than when absent
(mean difference: —1.461, OR: 0.232, p < 0.001). With thin-side W]D present, Logit CTRR
was significantly higher when thick-side WJD was also present (mean difference: 0.833,
OR: 2.300, p = 0.014). The lowest Logit CTRR, indicating the greatest laterality in CTR, was
observed when thick-side WJD was absent and thin-side WJD was present. This suggests
unilateral W]D is reflected in the laterality of CTR. Previous research has shown that in-
flammatory bone loss in periarticular osteoporosis of the hand affects not only periarticular
regions but the cortical bone of the metacarpal diaphysis, independent of direct synovial
contact [15,17,18]. Our findings suggest inflammation in the hand joints, likely through
localized cytokine release, contributed to reduction in cortical bone density of the ipsilateral
metacarpal diaphysis.

RA is generally characterized by symmetrical joint involvement [36], but asymmetrical
arthritis has been reported in some patients [28,29,37]. Halla et al. [37] examined small
joints of the hands and feet and found asymmetrical involvement was common, with
90% of wrist joints showing symmetrical involvement and 10% asymmetry. Similarly,
Zangger et al. [29] found asymmetrical joint involvement in small joints of the hands and
feet in 13-16% of cases. In our study, unilateral WJD was observed in 24 patients (16.8%),
consistent with previous reports, suggesting that localized factors such as cytokine release
may contribute to asymmetrical metacarpal bone density reduction. Koh JH [38] and Yaku
A [39] reported faster bone destruction progression in the dominant hand. However, in our
study, we observed no significant difference between right and left sides nor any effect by
hand dominance. This may be due to the use of different radiographic methods or that only
six of the one hundred and thirty-two patients with hand dominance recorded were left-
handed, preventing reliable statistical analysis of handedness. The potential contribution
of repetitive manual tasks to localized joint stress and asymmetry has been reported
previously [40]. Although we did not collect detailed occupational data in our cohort, this
hypothesis may provide a possible explanation for the risk of asymmetric joint damage and
bone density reduction. Genetic predispositions—such as the involvement of HLA-DR4 in
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rheumatoid arthritis [41] and WINT16 in cortical bone thickness [42]—may contribute to
asymmetric joint damage and bone density reduction. However, genetic marker data were
not collected in this study, representing a limitation for future investigation.

CTR values for both right and left hands were evaluated pre- and post-administration
of biologic agents in 30 patients. CTR was significantly decreased post-treatment even
in patients with baseline CTR > 50 (Table 6). Hoff et al. [43] evaluated the effect of
adalimumab on metacarpal bone loss, finding a significant reduction in bone loss rate in
their adalimumab + MTX treatment group compared to MTX monotherapy, though without
improvement in bone density. Bone loss rates of 1.15%, 2.16%, and 3.03% were observed at
26, 52, and 104 weeks, respectively. Their results match our finding of no improvement in
metacarpal bone density by biologic treatment, suggesting that systemic effects beyond
local joint inflammation were not fully suppressed, leading to continued CTR decrease.
CTR evaluation should consider both local and systemic effects. Aggressive RA treatment
with biologic agents may be necessary to suppress cytokine release from wrist joints before
CTR decline begins. Additionally, Baker et al. [44] reported that muscle loss contributes to
cortical bone density reduction, suggesting that rehabilitation interventions could also be
beneficial. The early detection of unilateral bone erosions using MRI, followed by intensive
treatment, may offer a viable strategy for managing asymmetric joint damage. While
biological agents were ineffective in preventing cortical bone loss in this study, the potential
of JAK inhibitors to suppress early arthritis and mitigate asymmetric joint damage deserves
further exploration in future studies.

This study has several limitations. First, it involved a relatively small sample size
from two institutions. Second, as the study focused on outpatients with relatively stable
disease, the findings may not apply to all RA patients in terms of disease control. These
factors may limit the generalizability of the results. Third, the single time-point analysis
prevented assessment of longitudinal change in cortical bone or wrist joint damage. Fourth,
image evaluation was performed manually using Fuji computed radiography, rather than
computer-assisted digital X-ray radiogram (DXR), which may have introduced observer
bias. Fifth, the lack of detailed occupational data may have limited a deeper understanding
of the potential influence of repetitive manual tasks on joint stress and asymmetry. Future
studies should include larger more diverse populations, use technologies such as DXR, and
include longitudinal assessments to strengthen the findings.

5. Conclusions

This study is the first to report that a substantial number of RA patients exhibited
decreased metacarpal bone density, with a subset displaying unilateral bone loss. Addition-
ally, the relationship between unilateral bone loss and wrist joint damage was identified
for the first time. Wrist joint inflammation was found to be associated with cortical bone
loss in the metacarpals, suggesting that local cytokine release contributed to this reduction.
Despite biologic treatment, no improvement in metacarpal bone loss was observed. Al-
though previous reports have discussed reduced metacarpal bone density in RA patients,
no detailed studies had focused on laterality or asymmetry until this report.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/jcm13247652 /s1, Table S1: Comparison of CTRR Laterality (+/—)
and Grouping by Old/New Classification in RA Patients; Table S2: Analysis of covariance between
thin-side CTR, thick-side CTR, Logit CTRR and associated parameters including RF and/or CCP;
Table S3: Analysis of covariance between Logit CTRR and associated parameters including pred-
nisolone; Table S4: Comparison of Laterality in Wrist Joint Damage and Prednisolone administration
in RA Patients; Table S5: Analysis of covariance between differences of thin-side CTR and thick-side
CTR and duration of treatment with biologic agents.
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Abstract: Objective: The aim of this study was to determine mortality and predictive
factors for death in patients with rheumatoid arthritis (RA) diagnosed with and without
interstitial lung disease (ILD). Methods: We retrospectively performed a long-term follow-
up study of patients diagnosed with RA at our medical center between April 2001 and
June 2023. The diagnosis and classification of ILD were made based on pulmonary high-
resolution computed tomography (HRCT), taken at RA diagnosis and during follow-up.
Results: Among 781 patients with RA, 78 were diagnosed with ILD; all cases except
one were subclinical. The most common HRCT pattern was definite usual interstitial
pneumonia (UIP) followed by nonspecific interstitial pneumonia (NSIP)/UIP, probable UIP,
NSIP, and early UIP. During follow-up (mean of 10.0 years), the crude incidence rate of
death (95% confidence interval [CI]) was 7.1 (5.2-10.0) and 1.5 (1.0-1.9) per 100 person-years
in RA patients with and without ILD. Poor control of RA activity was associated with
increased incidence rates of death. The standardized mortality ratio (95% CI) compared
with the general population was 1.32 (1.11-1.53) for all RA patients, 2.09 (1.45-2.73) for
RA-ILD patients, and 1.16 (0.95-1.38) for non-ILD RA patients. Lung cancer and respiratory
failure were the most common causes of death in RA-ILD patients. The Multivariable
Fine-Gray regression analysis revealed that ILD (adjusted hazard ratio [HR] 2.97 [95%
CI 1.95-4.53]), advanced age (1.08 per additional year [1.05-1.10]), and low body mass
index (3.07 [2.10-4.49]) were strong predictive factors for mortality in RA patients. HRCT
patterns did not affect the risk of death in RA-ILD patients. Conclusions: Regardless of
HRCT pattern, RA-ILD contributes to the increased mortality risk in patients with RA.

Keywords: interstitial lung disease; rheumatoid arthritis; mortality; predictive factors for
death; HRCT pattern

1. Introduction

Rheumatoid arthritis (RA) is a chronic immune-mediated rheumatic disease that pri-
marily involves multiple synovial joints [1,2]; however, systemic inflammation associated
with RA can cause extra-articular damage to various tissues and organs such as the lungs,
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heart, blood vessels, renal system, skin, nervous system, and eyes [3-5]. The incidence of
extra-articular manifestations has been decreasing since 2000, but the mortality risk contin-
ues to be high in RA patients with extra-articular manifestations and comorbidities [6,7]. In
particular, respiratory disease, malignancies, and cardiovascular disease lead to increased
mortality in RA patients [8-11]. Although RA-related mortality has improved over time,
there remains a persistent mortality gap between RA patients and the general population
or non-RA controls [9,11-13].

The respiratory system is a common target of extra-articular manifestations. Although
there is extensive heterogeneity among prevalence studies of lung involvement in RA,
interstitial lung disease (ILD) has the greatest estimated prevalence, followed by airway
disease, pleural effusion, and rheumatoid nodules [14-16]. Subclinical and clinical ILD are
increasingly recognized throughout the entire RA disease course; interstitial lung abnormal-
ities can be detected in up to 60% of RA patients by high-resolution computed tomography
(HRCT), and symptomatic ILD likely occurs in 5% to 17% of patients [14,16,17]. Advanced
age, male sex, smoking, and RA-related autoantibodies are recognized as patient-level risk
factors for developing RA-ILD [18]. Despite advances in the management of RA, ILD may
continue to be a major contributor to mortality in RA. Several population-based cohort stud-
ies have shown an increased mortality associated with RA-ILD compared with non-ILD
RA [19-25]. Other comparison studies between RA patients and the general population
or non-RA patients also suggest that ILD contributes to excess mortality in RA [11,26-29].
Delayed diagnosis, lack of biological or targeted drugs for RA-ILD, the existence of rapidly
progressive fibrosis, and serious complications (such as lung cancer, pulmonary infection,
respiratory failure, and pulmonary hypertension) cause poor outcomes associated with
RA-ILD [6,15,30].

It is important to explore whether clinical characteristics and HRCT patterns could
predict death outcomes for RA-ILD patients. Although a variety of HRCT patterns are seen
in RA-ILD patients, the most common patterns may be usual interstitial pneumonia (UIP)
and nonspecific interstitial pneumonia (NSIP) [14,16,31]. However, UIP and NSIP patterns
on a HRCT scan often overlap, and indeterminate patterns for UIP can be observed [32-35],
which may obscure the impact of HRCT patterns on mortality in RA-ILD patients in
previous studies [36-38].

To evaluate mortality, cause of death, and predictive factors for death in RA patients
with ILD, we retrospectively conducted a long-term follow-up study of patients diagnosed
with RA at our rheumatology department between April 2001 and June 2023. The diagnosis
and classification of ILD were made based on pulmonary HRCT, taken at RA diagnosis
and during follow-up. Mortality estimates and causes of death were compared between
RA patients with and without ILD. Using Fine-Gray competing risk regression analysis,
we examined the effect of each baseline characteristic on death outcome over time. We also
calculated standardized mortality ratios (SMRs) in our RA cohort with and without ILD
compared with the general population in Japan. Additionally, we explored the impact of
RA activity control on poor outcomes based on the 28-joint disease activity score using
C-reactive protein (DAS28-CRP).

2. Materials and Methods
2.1. Patients

We used a real-world database including patients who received a diagnosis of RA
at the rheumatology department of National Hospital Organization (NHO) Kumamoto
Saishun Medical Center between April 2001 and June 2023. Participants in this study
were required to meet the 2010 American College of Rheumatology (ACR)/European
League Against Rheumatism (EULAR) criteria for diagnosis of RA [39]. Participants were
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also required to be 18 years of age or older. We excluded patients from this study if
they had any of the following histories prior to RA diagnosis: (1) other collagen vascular
diseases/autoimmune diseases; (2) exposure to asbestos or silica; or (3) thoracic radiation
for cancer therapy.

2.2. Study Design

The diagnosis of RA-associated ILD (RA-ILD) was made based on pulmonary HRCT
taken at RA diagnosis and during follow-up, irrespective of the presence or absence of clin-
ical symptoms. We reviewed patient medical records and collected clinical data when the
diagnosis of RA-ILD was made (baseline characteristics of patients), which included demo-
graphic characteristics; RA-related data (duration of joint signs and symptoms, DAS28-CRP,
Steinbrocker stage, anticyclic citrullinated peptide antibodies [anti-CCP], and rheumatoid
factor [RF]); smoking history; body mass index (BMI); and comorbidities such as type 2
diabetes, malignancy history, and cardiovascular disease (CVD) history. CVD included
angina pectoris, cardiac infarction, and stroke. The entry year was also recorded. For RA
patients without ILD, clinical data at the time of RA diagnosis were used as the baseline
characteristics. For patients who were diagnosed with RA or RA-ILD before a commercially
available enzyme-linked immunosorbent assay (ELISA) kit was available, we used sera
that were collected at the time of each diagnosis and stored at —80 °C. Detailed methods
for the measurement of anti-CCP are described in our previous study [40].

Follow-up started on the day of the HRCT-based diagnosis of ILD (for RA-ILD patients)
or RA diagnosis (for RA patients without ILD) and ended with death, loss to follow-up, or
the last follow-up visit before 31 December 2023, whichever occurred first. Patients who
missed two or more scheduled clinical appointments were classified as lost to follow-up.
We determined the cause of death according to each treating physician’s judgment.

2.3. Pulmonary Function Tests and ILD Severity

For RA-ILD patients, we collected data of pulmonary function tests (PFTs) at the time
of RA-ILD diagnosis. The forced vital capacity (FVC), forced expiratory volume in the first
second (FEV;), maximal mid-expiratory flow (MMEF; also called forced expiratory flow from
25% to 75% of vital capacity [FEF»5_75]), and diffusing capacity of carbon monoxide (DLco)
were measured using a rolling-seal type of spirometer. The results were expressed as a ratio
of the measured to the predicted values (% predicted). The predicted values were calculated
based on the age, sex, and height of the individual. An abnormal PFT was defined as a %
predicted value < 80% for each PFT. The FEV;/FVC ratio was also calculated; an abnormal
FEV1/FVC ratio was defined as <70%. Additionally, we collected data on exercise-induced
oxygen desaturation, which was defined as a drop in percutaneous oxygen saturation
(SpO2) <90% during a 6 min walk, at the time of diagnosis of RA-ILD. Disease severity
staging at that time was determined based on the arterial partial pressure of oxygen (PaO;)
at rest and SpO, during the 6 min walk test according to the Japanese Respiratory Society
Guidelines [41,42].

2.4. Classification of HRCT Pattern of ILD

Pulmonary HRCT images of ILD patients taken at RA diagnosis and during sub-
sequent follow-ups were collected from our database and viewed in random order and
independently by three observers (one board-certified radiologist [F. Sakai] and two board-
certified pulmonologists [M. Hasegawa and K. Nakamura]) who were blinded to the
patients’ clinical status and PFT results. Final decisions were made by discussing whether
there was disagreement among the three experts after the first assessment. We did not
determine the inter-reader agreement in assessing the HRCT features by kappa statistics
because all observers were very experienced at identifying abnormalities on pulmonary
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HRCT, especially of parenchymal and airway lung diseases. HRCT abnormalities included
the following findings: bronchiectasis or bronchiolectasis, bronchial wall thickening, cen-
trilobular micro-nodules and a branching structure, cysts, ground-glass opacity (GGO),
intralobular reticular opacity, airspace consolidation, honeycombing, traction bronchiecta-
sis, architectural distortion, and emphysema. The distribution of HRCT abnormalities was
evaluated according to six zones (upper, middle, and lower zones; involvement in at least
5% of any lung zone). We also examined whether these abnormalities had a predominantly
subpleural or non-subpleural distribution.

Each patient with RA-ILD was classified as having one of the following four HRCT pat-
terns: definite UIP, probable UIP, indeterminate for UIP, and alternative diagnosis according
to the updated official American Thoracic Society (ATS)/European Respiratory Society
(ERS)/Japanese Respiratory Society (JRS)/Latin American Thoracic Society (ALAT) clinical
practice guideline for idiopathic pulmonary fibrosis (IPF) [43,44]. In this study, ILD patients
with coexisting airway abnormalities such as bronchiolitis or bronchiectasis on HRCT scans
were classified as RA-ILD, because a high prevalence of airway abnormalities has been
observed in the RA population [32,45]. We further classified the “indeterminate for UIP”
pattern into early UIP and NSIP/UIP based on the modified HRCT classification for RA-
ILD that was reported by Yamakawa et al. [46]. In brief, honeycombing with a subpleural,
basal-predominant distribution is a distinguishing feature of the definite UIP pattern. It can
be seen with or without peripheral traction bronchiectasis/bronchiolectasis. Subpleural,
basal-predominant reticulation with peripheral traction bronchiectasis /bronchiolectasis
was considered the probable UIP pattern. The early UIP pattern was assigned when
there were HRCT features consisting of subpleural, basal-predominant mild reticulation or
GGO without traction bronchiectasis/bronchiolectasis. If central or diffuse distribution of
GGO or reticulation as the component of NSIP and subpleural reticulation with traction
bronchiectasis /bronchiolectasis, with or without honeycombing as the component of UIP,
were both observed, the NSIP/UIP pattern was assigned. HRCT features showing lower
lobe-predominant, central or diffuse GGO with limited or no reticulation and the absence
of honeycombing were consistent with the NSIP pattern. In the present study, all patients
who had an alternative diagnosis were finally diagnosed as NSIP.

2.5. DMARD Use and Control of RA Activity During Follow-Up

The exposure to disease-modifying antirheumatic drugs (DMARDs) during follow-up
were examined using patient medical records. Based on a mean of DAS28-CRP values
measured for 6 months prior to the end of follow-up, each patient was classified into a
group with good control of RA activity (remission or low disease activity [DAS28-CRP
< 2.7]) and a group with poor control of RA activity (moderate or high disease activity
[DAS28-CRP > 2.7]).

2.6. Statistical Analysis

The mean and standard deviation (SD) were used as descriptive statistics for data with
continuous distribution, which included non-normally distributed data [47,48]. Number
(percentage) was used for categorical data. We compared the baseline characteristics
between the two patient groups using Fisher’s exact probability test for categorial variables
and the independent-measures t-test for continuous variables. There were no missing
baseline measurements.

Crude incidence rates of death and 95% confidence intervals (Cls) were calculated by
dividing the number of death cases by the number of corresponding follow-up person-years
(PYs).
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SMRs and 95% Cls in RA patients with and without ILD, in male and female patients
separately, compared with the general population in Japan, were calculated as the ratio of
the observed number of deaths in our cohort divided by the expected number of deaths
in the reference population from 2001 to 2023. For the reference population, we used
mortality data in the Japanese general population reported by Japanese Health and Wealth
(http:/ /www.stat.go.jp/english/index.html (accessed on 2 December 2024)). The expected
number of deaths was calculated based on age- and sex-specific population mortality rates
at each calendar year for patients at risk during follow-up.

We used the cumulative incidence function (CIF) to estimate the probability of death
before a given time, because we considered the presence of competing risks (i.e., loss to
follow-up). Gray’s test was used to test the equality of CIF mortality estimates over time
between RA patients with ILD and those without ILD [49]. For the same reason, Fine-Gray
competing risk regression analysis was used to calculate the adjusted hazard ratios (HRs)
with 95% ClIs for death outcome over time. As predictor variables, we selected a set of
baseline characteristics based on previous knowledge about the clinical relevance and
importance of each variable, which included demographic data, RA-related data, RA-ILD
diagnosis, smoking history, BMI, comorbidities, and entry year. For RA-ILD patients, HRCT
patterns (definite UIP, probable UIP, indeterminate for UIP, and NSIP patterns) and HRCT
abnormalities (honeycombing, traction bronchiectasis, and emphysema) were included
as predictor variables. Predictor variables with p-values < 0.10 in univariable analyses
were used in a multivariable Fine-Gray regression analysis. A forced entry procedure was
selected in the multivariable analysis.

Two-sided p-values < 0.05 were considered to indicate statistical significance. For all
statistical calculations, we used PASW Statistics version 27 (SPSS Japan Inc., Tokyo, Japan)
and Easy R (Saitama Medical Center, Jichi Medical University, Saitama, Japan) [50].

3. Results
3.1. Baseline Characteristics of RA Patients with and Without ILD

A total of 781 patients were included in this study (Figure S1). Based on the HRCT
findings taken at RA diagnosis and subsequent follow-up, 78 patients were diagnosed with
RA-ILD (10.0%) and 703 were diagnosed without ILD. Clinical characteristics at baseline
are shown in Table 1. No patients had missing data for baseline characteristics. RA-ILD
patients had a mean age of 70.6 years, which was significantly higher than RA patients
without ILD (62.4 years) (p < 0.001). Male patients were predominant in the RA-ILD
group compared with the group without RA-ILD (55.1% vs. 22.6%, p < 0.001). The mean
duration from the onset of joint symptoms was similar in patients with and without ILD
(3.6 vs. 3.7 years). Approximately 90% of patients had high or moderate disease activity at
baseline, and no significant difference in DAS28-CRP levels was observed between patient
groups. Rates of anti-CCP-positive patients and RF-positive patients were significantly
higher in RA-ILD patients than in RA patients without ILD (anti-CCP-positive, 96.2%
vs. 86.6%, p = 0.011; RF-positive, 97.4% vs. 86.3%, p = 0.003). Smoking history was also
significantly associated with the presence of RA-ILD (41.0% in RA-ILD patients vs. 10.0%
in RA patients without ILD, p < 0.001). Additionally, RA-ILD patients more frequently had
a history of CVD compared with RA patients without ILD (17.9% vs. 8.3%, p = 0.011).
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Table 1. Baseline characteristics of RA patients with and without ILD.

Overall With RA-ILD  Without RA-ILD "
(n = 781) (n=78) (n = 703) P
Age, years, mean (SD) 63.2 (12.8) 70.6 (8.1) 62.4 (13.0) <0.001
>18 and <45 years, number (%) 76 (9.7) 0 76 (10.8) 0.002
>45 and <65 years, number (%) 285 (36.5) 17 (21.8) 268 (38.1) 0.004
>65 years, number (%) 420 (53.8) 61 (78.2) 359 (51.1) <0.001
Male, number (%) 202 (25.9) 43 (55.1) 159 (22.6) <0.001
Duration of joint symptoms t years, mean (SD) 3.7 (7.6) 3.6 (7.8) 3.7 (7.6) 0.99
DAS28-CRP, index, mean (SD) 4.3 (1.3) 42 (1.1) 4.3 (1.3) 0.25
High or moderate, number (%) 696 (89.1) 67 (85.9) 629 (89.5) 0.34
Steinbrocker stages I11/IV, number (%) 265 (33.9) 31 (39.7) 234 (33.3) 0.26
Anti-CCP-positive, number (%) 684 (87.6) 75 (96.2) 609 (86.6) 0.011
RF-positive, number (%) 683 (87.5) 76 (97.4) 607 (86.3) 0.003
Smoking > 30 pack-years , number (%) 102 (13.1) 32 (41.0) 70 (10.0) <0.001
BMI < 17, number (%) 80 (10.2) 11 (14.1) 69 (9.8) 0.24
Type 2 diabetes, number (%) 95 (12.2) 9 (11.5) 86 (12.2) 1.00
CKD stages > 3, number (%) 27 (3.5) 4(5.1) 23 (3.3) 0.34
Malignancy history, number (%) 42 (5.4) 7 (9.0) 35 (5.0) 0.18
CVD history, number (%) 72 (9.2) 14 (17.9) 58 (8.3) 0.011
Entry prior to 2011, number (%) 370 (47.4) 31 (39.7) 339 (48.2) 0.19

Data were obtained when patients were diagnosed with RA-ILD. For RA patients without ILD, data were obtained
at the time of RA diagnosis. * Compared between RA patients with and without RA-ILD using Fisher’s exact
probability test for categorical variables and independent-measures t-test for continuous variables. t Defined
as duration from onset of joint symptoms and signs, which referred to patient self-reports. ¥ Current smokers
stopped smoking according to smoking cessation instructions following RA diagnosis. RA, rheumatoid arthritis;
ILD, interstitial lung disease; RA-ILD, RA-associated ILD; DAS28-CRP, 28-joint disease activity score using
C-reactive protein; anti-CCP, anti-cyclic citrullinated peptide antibodies; RF, rheumatoid factor; BMI, body mass
index; CKD, chronic kidney disease; CVD cardiovascular disease; SD, standard deviation.

3.2. Baseline Features of RA-ILD

Characteristics of patients with ILD are shown in Table 2. Among 78 RA-ILD patients,
65 (83.3%) were diagnosed with ILD at the same time as their RA diagnosis. ILD preceded
their RA diagnosis in three patients (3.8%). The most common HRCT pattern was definite
UIP (37.2%) followed by NSIP /UIP (26.9%), probable UIP (17.9%), NSIP (11.5%), and early
UIP (6.4%). Honeycombing was observed in all patients with definite UIP and in 10 patients
with NSIP/UIP. Traction bronchiectasis was seen in all patients with probable UIP and
in most patients with definite UIP or NSIP/UIP. Emphysema was observed in 46.2% of
RA-ILD patients. Mean values of the % predicted for FVC and FEV; were within the normal
range. The mean % predicted for DLco, an index of restrictive interstitial disease, was
83.2%. The FEV;/FVC ratio, a sensitive index of overall airway obstruction, was 125.5%.
It is worth noting that the mean % predicted for MMF, a specific index of small airway
function, was 70.4%, indicating that obstructive changes in small airways are present in
RA-ILD patients. Only one patient showed desaturation with exercise (SpO; < 90% during
a 6 min walk) and disease severity stage III. This patient had clinical symptoms at the time
of ILD diagnosis.
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Table 2. Clinical, radiological, and functional features of RA-ILD at baseline.

RA-ILD Patients

(n="78)
Age at RA diagnosis, years, mean (SD) 68.7 (9.8)
ILD onset, number (%)
Before RA diagnosis 3(3.8)
Simultaneous diagnosis 65 (83.3)
Within 10 years after RA diagnosis 6(7.7)
More than 10 years after RA diagnosis 4(5.1)
HRCT patterns, number (%)
Definite UIP pattern 29 (37.2)
Probable UIP pattern 14 (17.9)
Indeterminate for UIP pattern 26 (33.3)
Early UIP 5 (6.4)
NSIP/UIP 21 (26.9)
NSIP 9(11.5)
HRCT abnormalities, number (%)
Honeycombing 39 (50)
Traction bronchiectasis 62 (79.5)
Emphysema 36 (46.2)
Pulmonary function test t, mean (SD)
FVC, % predicted (n = 70) 95.3 (19.0)
FEV1, % predicted (n = 70) 113.6 (12.6)
FEV,/FVC ratio (n = 70) 125.5 (35.8)
MME % predicted (n = 70) 70.4 (30.0)
DLco, % predicted (n = 64) 83.2 (20.3)
SpO; < 90% during a 6 min walk, number (%) 1(1.3)
Disease severity staging of ILD ¥, number (%)
I 77 (98.7)
11 0
I 1(1.3)
v 0

Data were obtained when patients were diagnosed with RA-ILD. ¥ Expressed as a ratio of the measured to the
predicted values (% predicted), except the FEV; /FVC ratio. ¥ Determined based on PaO, at rest and SpO, during
the 6 min walk test according to the Japanese Respiratory Society Guidelines. RA, rheumatoid arthritis; ILD,
interstitial lung disease; RA-ILD, RA-associated ILD; HRCT, high-resolution computed tomography; UIP, usual
interstitial pneumonia; NSIP, non-specific interstitial pneumonia; SpO,, oxygen saturation as measured using
pulse oximeter; PaO,, arterial partial pressure of oxygen; FVC, forced vital capacity; FEV;, forced expiratory
volume in one second; MME, maximal mid-expiratory flow; DLco, diffusing capacity of carbon monoxide.

3.3. Mortality in RA Patients with and Without ILD

After the diagnosis of RA-ILD or RA was made, patients were followed for a mean of
10.0 years. As shown in Table 3, 128 patients (16.4%) were lost to follow-up. Death events
occurred in 152 patients (19.5%; 41 RA-ILD patients [52.6%] and 111 RA patients without
ILD [15.8%]). The crude incidence rate of death was significantly higher in RA-ILD patients
than in RA patients without ILD (7.1 per 100 PYs [95% CI, 5.2-10.0] for RA-ILD patients
and 1.5 per 100 PYs [95% CI, 1.0-1.9] for patients without RA-ILD). There were significant
differences in the CIF-estimated cumulative incidence of death over time between patient
groups (p < 0.001 with Gray’s test). For example, the cumulative incidence (mortality rate)
at 5 years was estimated to be 18.6% (95% ClI, 10.5-28.6) for RA-ILD patients and 3.4%
(95% CI, 2.2-5.0) for RA patients without ILD. The CIF plots for the probability of death
events in RA-ILD patients grouped according to HRCT patterns are shown in Figure S1.
There was no significant difference in CIF mortality estimates among these four patterns
(p = 0.57 with Gray’s test with post hoc Holm test).
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Table 3. Mortality in RA patients with and without ILD.

Total With RA-ILD Without RA-ILD
(n =781) (n=178) (n=703)

Follow-up t years, mean (SD) 10.0 (5.2) 7.4 (4.5) 10.2 (5.2)
Follow-up T, years, median (IQR) 9.7 (5.9-13.9) 6.8 (3.8-10.7) 10.0 (6.1-14.1)
Lost to follow-up, number (%) 128 (16.4) 3(3.8) 125 (17.8)
Death, number (%) 152 (19.5) 41 (52.6) 111 (15.8)
Crude incidence rate of death per 100 PYs (95% CI) 2.0 (1.7-2.0) 7.1 (5.2-10.0) 1.5 (1.0-1.9)
Cumulative incidence of death ¥ (%)

1-year mortality rate (95% CI) 5 0.8 (0.3-1.6) 2.6 (0.5-8.1) 0.7 (0.3-1.6)

5-year mortality rate (95% CI) 8 4.7 (3.3-6.4) 18.6 (10.5-28.6) 3.4 (2.2-5.0)

10-year mortality rate (95% CI) § 14.9 (12.3-17.8) 52.5 (38.9-64.4) 11.4 (9.0-14.1)

* Follow-up began with the diagnosis of RA-ILD. For RA patients without ILD, follow-up began with the diagnosis
of RA. ¥ Cumulative incidence (probability) of death during the follow-up period was estimated by the CIF.
Gray’s test was used to compare CIF mortality estimates over time between patients with and without RA-ILD (p
<0.001). § Cumulative incidence of death at 1, 5, and 10 years was expressed as the estimated 1-year, 5-year, and
10-year mortality rates (%). RA, rheumatoid arthritis; ILD, interstitial lung disease; RA-ILD, RA-associated ILD;
PYs, person-years; CIF, cumulative incidence function; SD, standard deviation; IQR, interquartile range; 95% CI,
95% confidence interval.

The SMRs in our RA cohort compared with the general population in Japan were
1.32 (95% CI, 1.11-1.53) for overall RA patients, 2.09 (95% CI, 1.45-2.73) for RA-ILD patients,
and 1.16 (95% CI, 0.95-1.38) for RA patients without ILD.

3.4. Cause of Death in RA Patients with and Without ILD

Among RA-ILD patients, 13 (31.7%) died due to malignancy, primarily lung cancer
(Table 4). Twelve RA-ILD patients (29.3%) developed respiratory failure due to an acute
exacerbation of ILD. Six patients (14.6%) died from serious infections. Among RA patients
without ILD, malignancy was the most common cause of death (30.6%), followed by
cardiovascular events (22.5%) and serious infection (13.5%). Death due to lung cancer and
respiratory failure occurred more frequently in RA-ILD patients than in RA patients without
ILD (lung cancer, 24.4% vs. 2.7%, p < 0.001; respiratory failure, 29.3% vs. 5.4%, p < 0.001).
The rate of cardiovascular events as the cause of death was lower in RA-ILD patients than
in RA patients without ILD (4.9% vs. 22.5%, p = 0.015). Overall malignancies or serious
infection caused death at similar rates between RA patients with and without ILD.

Table 4. Cause of death in RA patients with and without ILD.

With RA-ILD Without RA-ILD "
Cause of Death = 41) (1 = 111) p
Age at death, years (SD) 81.2 (8.1) 77.6 (9.9) 0.042
Malignancy, number (%) 13 (31.7) 34 (30.6) 1.00
Lung cancer, number (%) 10 (24.4) 3(2.7) <0.001
Respiratory failure, number (%) 12 (29.3) 6(5.4) <0.001
Serious infection, number (%) 6 (14.6) 15 (13.5) 1.00
Cardiovascular events, number (%) 2 (4.9) 25 (22.5) 0.015
Death of old age, number (%) 5(12.2) 13 (11.7) 0.59
Aspiration pneumonia, number (%) 2 (4.9) 5 (4.5) 1.00
Others, number (%) 1(24) 13 (11.7) 0.11

* Comparison between RA patients with and without ILD using Fisher’s exact probability test for categorical
variables and independent-measures t-test for continuous variables. RA, rheumatoid arthritis; ILD, interstitial
lung disease; RA-ILD, RA-associated ILD; SD, standard deviation.
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3.5. DMARD Use During Follow-Up and RA Control Within 6 Months Prior to the End
of Follow-Up

As shown in Table S1, approximately 90% of RA patients without ILD received MTX as
monotherapy or in combination therapy with other DMARDs during follow-up, whereas
more than 40% of RA-ILD patients never received MTX, most likely because of concerns
over ILD exacerbation. Instead of MTX treatment, RA-ILD patients were more often
prescribed other csDMARDs. Additionally, IL-6 inhibitors and abatacept were prescribed
more frequently for RA-ILD patients than for RA patients without ILD. The rates of the TNF
inhibitor and JAK inhibitor use were similar between the two patient groups. Exposure
duration to MTX was longer in RA patients without ILD than in RA-ILD patients. Exposure
duration to other DMARDs did not differ significantly between RA-ILD patients and
RA patients without ILD. Limited to RA-ILD patients, MTX users more often received
other csDMARDs compared with non-MTX users. The rate of TNF inhibitor use was
significantly higher among MTX users because TNF inhibitors are recommended to be
used concomitantly with MTX (Table S2).

The status of RA control in each patient for 6 months before the end of follow-up
was determined based on the mean DAS28-CRP value measured during this period and
used to explore the influence of RA activity on mortality. The rate of poor control of RA
activity was significantly higher in RA patients with ILD than in those without ILD (19.2%
vs. 8.8%, p = 0.008), which may be explained by the restriction of DMARD use, especially
MTX use, in RA-ILD patients. As shown in Table 5, the crude incidence rate of death events
was significantly higher in the poor RA control group compared with the good RA control
group (8.3 per 100 PYs [95% CI, 6.4-11.0] vs. 1.3 per 100 PYs [95% CI, 1.1-1.6]). These
data suggested that the poor control of RA activity was associated with an increased risk
of death in RA patients. There was no significant difference in incidence rates of death
between patients with and without RA-ILD in the poor RA control group. In contrast,
RA-ILD patients had a higher incidence rate of death than RA patients without ILD in
the good RA control group. Thus, the increased mortality in RA-ILD patients was not
explained simply by poor RA control due to the restriction of DMARD use.

Table 5. Mortality in RA patients with and without ILD, grouped by the status of RA activity control.

Poor Control t (n = 77) Good Control ¥ (z = 704)
With . With .
Total RA-ILD Without RA-ILD Total RA-ILD Without RA-ILD

n=77) (n=15) (n=62) (n =704) (n=63) (n=641)
Follow-up §, years, mean (SD) 8.9 (5.5) 7.3 (4.8) 9.3 (5.6) 10.1 (5.2) 7.5 (4.5) 10.3 (5.2)
Follow-up §, years, median (IQR) 8.1 (52-124) 6.7 (2.9-10.4) 8.2 (5.7-12.5) 9.8(6.1-14.0) 6.9 (4.1-11.0) 10.1 (6.2-14.3)
Lost to follow-up, number (%) 9 (11.7) 0 9 (14.5) 119 (16.9) 3(4.8) 116 (18.1)
Death, number (%) 57 (74.0) 13 (86.7) 44 (71.0) 95 (44.4) 28 (44.4) 67 (10.5)
Crude incidence rate of deathper g5 ¢4 110) 119 (6.9-205) 7.7 (5.7-10.3) 13(1.1-1.6) 5.9 (4.1-9.0) 1.0 (0.8-1.3)

100 PYs (95% CI)

* Defined as high or moderate disease activity using DAS28-CRP values in the 6 months before the end of
follow-up.  Defined as remission or low disease activity using DAS28-CRP values in the 6 months before the end
of follow-up. § Follow-up began with the diagnosis of RA-ILD. For RA patients without ILD, follow-up began
with the diagnosis of RA. RA, rheumatoid arthritis; ILD, interstitial lung disease; RA-ILD, RA-associated ILD;
DAS28-CRP, 28-joint disease activity score using C-reactive protein; PYs, person-years; SD, standard deviation;
IQR, interquartile range; 95% CI, 95% confidence interval.

3.6. Predictive Factors for Death in Overall RA Patients and RA-ILD Patients

The results from the univariable and multivariable Fine-Gray regression analyses
for overall RA patients are shown in Table 6. Through multivariate modeling, age (ad-
justed HR 1.08 per additional year [95% CI, 1.05-1.10], p < 0.001), RA-ILD (adjusted
HR 2.97 [95% CI, 1.95-4.53], p < 0.001), BMI < 17 (adjusted HR 3.07 [95% CI, 2.10—4.49],
p < 0.001), anti-CCP-positive (adjusted HR 2.87 [95% CI, 1.25-6.56], p = 0.013), and male sex
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(adjusted HR 1.61 [95% CI, 1.02-2.53], p = 0.042) at baseline were identified as independent
predictive factors for death.

Table 6. Predictive factors for death in overall RA patients.

. Unadjusted HRs Adjusted HRs
Variables (9]5% fal)) P (]95% CI) P’

Age per additional year 1.09 (1.06-1.11) <0.001 1.08 (1.05-1.10) <0.001
Male vs. female 1.95(1.41-2.71) <0.001 1.61 (1.02-2.53) 0.042
Disease duration per additional year 1.02 (1.00-1.03) 0.026 0.99 (0.97-1.01) 0.46
DAS28-CRP per additional unit 0.98 (0.87-1.11) 0.75 - -
Stages III/1V vs. I/11 1.31 (0.96-1.79) 0.090 0.98 (0.69-1.39) 0.91
Anti-CCP-positive vs. Anti-CCP-negative 3.00 (1.41-6.40) 0.005 2.87 (1.25-6.56) 0.013
RF-positive vs. RF-negative 2.19 (1.12-4.30) 0.022 1.07 (0.50-2.28) 0.87
RA-ILD, yes vs. no 5.84 (4.08-8.34) <0.001 2.97 (1.95-4.53) <0.001
Smoking > 30 PYs vs. no history 2.40 (1.64-3.51) <0.001 1.31 (0.78-2.17) 0.31
BMI < 17, yes vs. no 2.89 (2.00-4.17) <0.001 3.07 (2.10-4.49) <0.001
Type 2 diabetes, yes vs. no 0.51 (0.27-0.97) 0.040 0.52 (0.27-1.01) 0.054
CKD stage > 3, yes vs. no 1.98 (1.10-3.56) 0.020 1.52 (0.72-3.19) 0.27
Malignancy history, yes vs. no 1.34 (0.69-2.60) 0.38 - -
CVD history, yes vs. no 1.57 (0.95-2.57) 0.080 1.14 (0.65-1.99) 0.65
Entry before 2011, yes vs. no 1.48 (1.04-2.10) 0.030 1.42 (0.98-2.07) 0.65

* Univariable and multivariable Fine-Gray competing risk regression analyses were conducted for overall RA

patients. RA, rheumatoid arthritis; ILD, interstitial lung disease; RA-ILD-RA-associated ILD; anti-CCP, anti-cyclic

citrullinated peptide antibodies; RF, rheumatoid factor; BMI, body mass index; CKD, chronic kidney disease;

CVD, cardiovascular disease; PY, pack-years; HR, hazard ratio; 95% CI, 95% confidence interval.

The results for RA-ILD patients are shown in Table 7. Age (adjusted HR 1.08 per
additional year [95% CI, 1.03-1.13], p = 0.002), BMI < 17 (adjusted HR 5.29 [95% CI,
2.28-12.27], p < 0.001), and CVD (adjusted HR 0.26, 95% CI, 0.08-0.85], p = 0.030) at baseline
were independent predictive factors for mortality. Neither HRCT patterns nor HRCT
abnormalities were identified as factors associated with death outcomes.

Table 7. Predictive factors for mortality in RA-ILD patients.
. Unadjusted HR Adjusted HR
Variables (95% CI P ©5% CI P

Age per additional year 1.07 (1.03-1.12) 0.001 1.08 (1.03-1.13) 0.002
Male vs. female 1.47 (0.79-2.71) 0.22 - -
Disease duration per additional year 0.99 (0.95-1.02) 0.43 - -
DAS28-CRP per additional unit 1.04 (0.81-1.33) 0.77 - -
Steinbrocker stages III/IV vs. I/11 0.80 (0.43-1.47) 0.47 - -
Anti-CCP-positive vs. Anti-CCP-negative 0.70 (0.15-3.46) 0.87 - -
RF-positive vs. RF-negative 0.27 (0.07-1.07) 0.060 0.40 (0.09-1.78) 0.23
HRCT patterns of ILD

NSIP 1 (reference) - - -

Early UIP 0.51 (0.14-1.87) 0.31 - -

NSIP/UIP 0.51 (0.17-1.51) 0.22

Probable UIP 0.42 (0.13-1.36) 0.15 - -

Definite UIP 0.66 (0.29-1.53) 0.33 - -
HRCT abnormalities

Honeycomb, yes vs. no 1.43 (0.77-2.67) 0.26 - -

Traction bronchiectasis, yes vs. no 0.80 (0.42-1.52) 0.49 - -

Emphysema, yes vs. no 1.06 (0.58-1.94) 0.85 - -
Smoking > 30 PYs vs. no history 1.54 (0.83-2.85) 0.17 - -
BMI < 17.0, yes vs. no 4.59 (1.64-12.83) 0.004 5.29 (2.28-12.27) <0.001
Type 2 diabetes, yes vs. no 0.17 (0.02-1.46) 0.11 - -
CKD stage > 3, yes vs. no 0.48 (0.05-4.43) 0.51 - -
Malignancy history, yes vs. no 1.58 (0.84-2.96) 0.16 - -
CVD history, yes vs. no 0.21 (0.07-0.68) 0.009 0.26 (0.08-0.85) 0.030
Entry before 2011, yes vs. no 1.34 (0.71-2.51) 0.36 - -

* Univariable and multivariable Fine-Gray competing risk regression analyses were conducted for RA-ILD
patients. RA, rheumatoid arthritis; ILD, interstitial lung disease; RA-ILD, RA-associated ILD; anti-CCP, anti-cyclic
citrullinated peptide antibodies; RF, rheumatoid factor; HRCT, high-resolution computed tomography; UIP,
unusual interstitial pneumonia; NSIP, non-specific interstitial pneumonia; BMI, body mass index; CKD, chronic
kidney disease; CVD, cardiovascular disease; PY, pack-years; HR, hazard ratio; 95% CI, 95% confidence interval.
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4. Discussion

In the present study, we showed that approximately 10% of RA patients developed
ILD during the course of the disease. The most common HRCT pattern was definitive UIP
followed by NSIP /UIP, probable UIP, NSIP, and early UIP. Lung cancer and respiratory
failure were the most common causes of death in RA-ILD patients. During follow-up over
amean of 10.0 years, the crude incident rate of death was 5 times higher in RA-ILD patients
than in RA patients without ILD, although all ILD cases except one were subclinical at the
time of first diagnosis. The SMRs (95% CI) compared with the general population were
1.32 (1.11-1.53) for all RA patients, 2.09 (1.45-2.73) for RA-ILD patients, and 1.16 (0.95-1.38)
for RA patients without ILD. Patients whose RA activity was poorly controlled had a
significantly higher incidence rate of death compared with patients in the good RA control
group. According to multivariable Fine-Gray regression analysis, ILD, advanced age, and
low BMI were predictive factors for increased mortality in RA patients. HRCT patterns did
not affect the risk of death in RA-ILD patients.

Using data from the French national claims database from 2013 to 2018, Juge et al.
showed that RA-ILD patients had a 3.4-fold increase (95% CI, 3.1-3.9) in mortality rate
compared with RA patients without ILD, especially in patients aged <75 years and in male
patients [25]. Using the Medicare claims database from 2008 to 2017, Sparks et al. reported
that RA-ILD had an HR of 1.66 (95% CI, 1.60-1.72) for total mortality compared with RA
without ILD [21]. In a population-based cohort study in Denmark between 2004 and 2016,
the HR ratio for death during follow-up > 5 to 10 years was 2.7 times higher (95% CI,
1.9-3.9) for RA-ILD compared with RA without ILD and it was higher in male patients [20].
Using data from the US Centers for Disease and Control Prevention, Gao et al. showed that
the mortality rate ratio of RA-ILD to RA was 6.90 from 1999 to 2003 and 6.49 from 2014 to
2018, and they suggested that RA-ILD may contribute to the reduced life expectancy [22].
In the present study, we showed that the HRCT-based diagnosis of ILD, albeit subclinical,
was a strong predictive factor for increased mortality in RA patients (adjusted HR 2.97 [95%
CI, 1.95-4.53]). Thus, RA-ILD is associated with an increased mortality risk compared with
RA without ILD.

In a national, matched-cohort study with the United States Veterans Health Adminis-
tration database from 2000 to 2017 (RA vs. non-RA), Johnson et al. showed that ILD was the
cause of death most strongly associated with RA (adjusted HR 3.39 [95% CI, 2.88-3.99]) [11].
In a retrospective cohort study using the Australian Rheumatology Association database
from 1995 to 2020, Black et al. showed that ILD is an important cause of death in RA
patients (cause-specific SMR 7.64 [95% CI, 3.98-14.69]) [29]. In a cohort study using the
Korean National Statistical Office from 2001 to 2007, Kim et al. showed that death from ILD
was significantly higher in RA patients (cause-specific SMR 18.18 [95% CI, 2.20-65.64]) [26].
In the present study, SMRs compared with the Japanese general population were 1.32 (95%
CI, 1.11-1.53) for all RA patients and 2.09 (95% CI, 1.45-2.73) for RA-ILD patients. There
was no significant difference in mortality rates in RA patients without ILD compared with
the general population. These findings indicate that ILD contributes to excess death in RA
patients compared with the general population or non-RA patients.

The effect of HRCT pattern on mortality in RA-ILD patients remains controversial.
Some studies have shown that the UIP pattern is associated with an increased mortality
risk in RA-ILD patients [51-59]. However, other studies have shown that the extent of lung
involvement or severity of lung disease, rather than the baseline UIP pattern, independently
predicts mortality [60-65]. Another study showed that survival in RA-ILD patients did
not differ between the UIP and NSIP patterns [66]. Recently, Yamakawa et al. developed a
modified HRCT classification for RA-ILD according to the latest guideline of IPF, in which
the “indeterminate for UIP” pattern was further classified into early UIP and NSIP/UIP
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patterns [46]. Using the modified HRCT classification, Yamakawa et al. showed that their
RA-ILD cohort included NSIP/UIP (27%), definite UIP (21%), probable UIP (20%), NSIP
(14%), and early UIP (3%). In that study, the HRCT pattern was not a predictive factor for
mortality in a multivariable Cox regression analysis [46]. In the present study, we followed
the modified HRCT classification by Yamakawa et al. and found that in our RA cohort,
the most common HRCT pattern was definite UIP (37.2%), followed by NSIP /UIP (26.9%),
probable UIP (17.9%), NSIP (11.5%), and early UIP (6.4%). The HRCT pattern was not
related to mortality risk in our RA-ILD patients. In both studies, most patients with the
“indeterminate for UIP” pattern were classified as having the NSIP /UIP pattern. In other
previous studies, the NSIP/UIP pattern might have been simply diagnosed as NSIP or UIP,
which could have resulted in different conclusions regarding the effect of HRCT pattern
on mortality risk in RA-ILD patients. In our statistical analyses, the presence of ILD was a
strong predictive factor for death, and the NSIP pattern did not have a significantly better
prognosis than the UIP, NSIP/UIP, or early UIP pattern, which suggests that, regardless of
HRCT pattern, RA patients with ILD are at increased risk of death. Jacob et al. showed
that the individual extents of fibrosis, reticulation, and honeycombing on HRCT scans
could independently predict the development of progressive fibrosis and poor outcomes
in RA-ILD patients [67]. In this respect, HRCT examinations for ILD at RA diagnosis and
during follow-up can provide insight into the extents of these abnormalities.

There is some evidence of associations between RA disease activity and progression
of ILD/death outcome in RA-ILD patients [68]. In a retrospective, single-center cohort
study of RA-ILD patients in China, Chai et al. showed that high RA disease activity and an
advanced extent of lung involvement were independent risk factors for the progression of
radiologic fibrosis [63]. In a multicenter, prospective cohort study of US veterans with RA-
ILD, Brooks et al. indicated that uncontrolled RA disease activity and the functional status
of joints, as well as the severity of lung disease, were associated with increased mortality
in this patient population [69]. In a retrospective, single-center cohort study of RA-ILD
patients in China, Liu et al. showed that in addition to the UIP pattern, high RA disease
activity and advanced fibrosis were independent risk factors for RA-ILD progression [58].
In a prospective study with data from the Korean Rheumatoid Arthritis-Interstitial Lung
Disease cohort, Chang et al. found no association between the risk of deterioration of
ILD/mortality and RA disease activity [64]. In the present study, the crude incidence rate of
death events was significantly higher in the poor RA control group compared with the good
RA control group. Thus, the poor control of RA activity was associated with the increased
risk of death. The restriction of DMARD use in RA-ILD patients may have resulted in the
higher rate of poor control of RA activity in this patient group compared with RA patients
without ILD. Concerns about lung injury are greatest in patients receiving MTX, but a
causal effect between MTX and fibrotic ILD has not been established [30,70]. The overall
risk of worsening lung disease attributable to MTX is currently unclear. Recent studies do
not support the idea that RA-ILD progression is increased in patients receiving MTX [71,72].
The 2021 ACR guidelines for treatment of RA include a conditional recommendation for
MTX for the treatment of RA patients with clinically diagnosed mild and stable airway or
parenchymal lung disease who have moderate to high disease activity [73]. The appropriate
use of MTX considering RA disease activity would be important for the management of
RA-associated ILD. The use of IL-6 inhibitors and abatacept may be considered in the
treatment for RA-ILD patients because concomitant MTX use is not necessarily required
for these DMARD therapies.

In the present study, all ILD cases, except one, were subclinical at baseline. Neverthe-
less, the mortality rate was 2.1 times higher in RA-ILD patients compared with the general
population during long-term follow-up with a mean of 10 years. Among RA-ILD patients,
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the most common cause of death was respiratory failure due to acute exacerbation of ILD
and lung cancer. Some RA patients with ILD are known to experience acute exacerbation,
with sudden progression of fibrosis and short-term mortality. Unfortunately, it is difficult
to predict which patients with RA-ILD are at a high risk of ILD progression. The regular
monitoring of RA-ILD patients is important for the prompt identification of ILD progres-
sion and early intervention to preserve lung function [68,74]. Recently, we reported that the
standardized incidence ratios of lung cancer in our RA cohort compared with the general
population was 2.53 (95% CI, 1.29-3.77) for male patients. The presence of ILD was a strong
predictive factor for lung cancer occurring in RA patients over time [75]. During follow-up,
increased lung cancer-related mortality was observed in RA patients compared with non-
RA patients (crude incidence rate: 0.29 per PY vs. 0.10 per PY). The presence of combined
pulmonary fibrosis and emphysema was identified as an independent predictive factor for
lung cancer-related mortality [76]. Non-surgical cancer treatment includes chemotherapy
and radiation therapy, which are well known to exacerbate pulmonary fibrosis. Limited op-
tions for lung cancer treatment and treatment-associated complications may be associated
with the increased lung cancer-related mortality observed in RA-ILD patients.

There are at least four potential limitations concerning the results of this study. First,
this was a retrospective long-term observational study, in which there might be some
difficulty in tracing subjects. However, the electronic medical records in the database
of our medical center allowed us to obtain accurate clinical and HRCT data obtained at
RA-ILD diagnosis as well as RA diagnosis, time from RA-ILD diagnosis (or RA diagnosis)
to death, information about DMARD use during follow-up, and DAS28-CRP for the last
6 months. Second, we could not include the exposure history of individual DMARDs
during follow-up as a predictor variable in the Fine-Gray regression analysis because it was
a time-varying covariate. Instead, we classified each patient into good and poor RA activity
control groups based on the mean DAS28-CRP value for the 6 months before the end of
follow-up and found that the rate of poor control of RA activity was significantly higher in
RA patients with ILD than in those without ILD. There was a negative effect of poor RA
activity control on mortality in RA patients with and without ILD. However, the increased
mortality observed in RA-ILD patients was not simply explained by poor RA control due
to the restriction of DMARD use. Third, although lung biopsy is the gold standard for
the classification of UIP patterns, we could not obtain lung biopsy samples from fibrosis
lesions in RA-ILD patients. Histological confirmation of alternative diagnosis was not
required in daily practice for RA-ILD patients because RA was definitively diagnosed as the
cause of ILD in these cases. Additionally, there is the risk of biopsy-related complications.
Considering the risk of lung biopsy and the benefit of establishing a definite diagnosis of
UIP patterns, treating physicians did not perform lung biopsy in many cases. Finally, this
study was conducted in our medical center located in the Kyushu area of Japan. Therefore,
our findings might not be generalizable to other geographical areas.

5. Conclusions

Compared with the general population, the mortality rate was 2.1 times higher in
patients with RA-ILD. The presence of ILD appeared to contribute to the excess death in RA
patients, although all ILD cases except one were subclinical at the first diagnosis. RA-ILD
patients had a mortality risk three times higher than that of RA patients without ILD. The
HRCT pattern at baseline was not associated with mortality risk in patients with RA-ILD.
Poor control of RA activity had a negative impact on prognosis in RA patients. Even if RA
disease activity was well controlled, however, the presence of ILD was a strong predictive
factor for mortality Although the generalizability of the current results must be established
in future research, the present study has enhanced our understanding of the relationship
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between mortality risk and RA-ILD. We had expected that the early detection of ILD at
RA diagnosis and during follow-up with HRCT examinations would improve patient
outcomes by the timely initiation of treatment for ILD and careful therapeutic decisions
for RA. However, subclinical ILD at baseline contributed to the increased risk for death
in RA-ILD patients during long-term follow-up. In addition to HRCT screening for the
early detection of ILD, regularly monitoring RA-ILD patients for the prompt identification
of ILD progression and the development of comorbidities, such as lung cancer and acute
exacerbation, is critical in improving patient outcome. A multidisciplinary approach is
required for optimizing the management of each RA-ILD patient.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm14041380/s1, Table S1. DMARD use during follow-up in
overall RA patients. Table S2. DMARD use during follow-up in RA-ILD patients. Figure S1.
Participant flow diagram. ACR, American College of Rheumatology; EULAR, European League
Against Rheumatism; RA, rheumatoid arthritis; SLE, systemic lupus erythematosus; SSc, systemic
sclerosis; ILD, interstitial lung disease; RA-ILD, RA-associated ILD; HRCT, high-resolution computed
tomography. Figure S2. Probabilities of death events in RA-ILD patients over time grouped by
HRCT patterns. Probability of death events during the follow-up period was estimated by the CIF.
Gray’s test with a post hoc Holm test was used for the comparisons of CIF plots over time among
RA-ILD patients grouped according to HRCT patterns. There were no significant differences among
HRCT patterns (p = 0.57). Numbers below the graph indicate RA-ILD patients remaining in the
follow-up. RA, rheumatoid arthritis; ILD, interstitial lung disease; RA-ILD, RA-associated ILD; HRCT,
high-resolution computed tomography; CIF, cumulative incidence function; UIP, usual interstitial
pneumonia; NSIP, non-specific interstitial pneumonia.
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Abstract: Background/Objectives: Rheumatoid arthritis (RA) is a representative systemic
autoimmune rheumatic disease (SARD) characterized by synovial inflammation. While
antinuclear antibodies (ANAs) positivity in patients with RA varies widely, the relationship
between ANA patterns and clinical features remains unclear. This study aimed to evaluate
the clinical significance of ANA in patients with RA. Methods: This single-center RA
registry study included 814 Japanese patients after excluding those with coexisting SARDs.
ANA titers and staining patterns were assessed by indirect immunofluorescence assays
on HEp-2 cells. Clinical and laboratory features were analyzed, and logistic regression
was used to identify risk factors for pulmonary involvement. Hierarchical clustering and
statistical analyses were performed to explore associations between ANA patterns and
clinical features. Results: ANA positivity was observed in 41.5% of patients, with the
speckled and homogeneous patterns being the most common. ANA-positive patients
exhibited significantly higher rheumatoid factor (RF) and anti-cyclic citrullinated peptide
antibody (ACPA) positivity rates and titers, along with elevated disease activity markers,
including Evaluator’s Global Assessment and Swollen Joint Count. Nucleolar pattern
positivity was independently associated with pulmonary complications, predominantly
interstitial lung disease, and higher rates of JAK inhibitor use. Discrete-speckled pattern-
positive patients exhibited high ANA titers but lower RF and ACPA levels, reflecting
a distinct subset of RA. Conclusions: ANA staining patterns and titers are clinically
relevant in RA, with nucleolar and discrete-speckled patterns indicating distinct clinical
and pathophysiological profiles. ANA should be interpreted alongside other serological
markers and clinical parameters rather than as a standalone tool. Further studies are
needed to refine its clinical applicability and integration into RA management.

Keywords: rheumatoid arthritis; antinuclear antibodies; pulmonary complications

1. Introduction

Rheumatoid arthritis (RA) is a representative systemic autoimmune rheumatic disease
(SARD) primarily characterized by inflammation of the synovium [1]. If left untreated, RA
can lead to joint destruction and irreversible organ damage. Although the etiology remains
unknown, autoimmunity with the production of various autoantibodies plays a crucial role
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in RA-related inflammation. Rheumatoid factor (RF) and anti-cyclic citrullinated peptide
antibody (ACPA), both well-recognized autoantibodies in RA, serve as key serological
markers used in the diagnosis of RA and as indicators of poor prognosis [1,2].

Antinuclear antibodies (ANA) refer to a diverse group of autoantibodies targeting
various nuclear and cytoplasmic components. The indirect immunofluorescence assay
(ITFA) using HEp-2 cells has long been recognized as the gold standard for ANA detection.
The observed fluorescence patterns reflect different cellular components, including nuclear,
cytoplasmic, and mitotic structures. In recent years, the International Consensus on ANA
Patterns (ICAP) initiative has established standardized nomenclature and definitions for
ANA patterns [3]. ANA fluorescence patterns, along with antibody titers (or fluorescence
intensity), are known as significant biomarkers for SARDs, such as systemic lupus erythe-
matosus (SLE) and Sjogren’s syndrome (SS) [4,5]. However, in patients with RA, ANA
positivity rates have been reported to vary widely (14-77%) [6-9]. The relationship be-
tween ANA titers or staining patterns (e.g., homogeneous nuclear, speckled nuclear, and
cytoplasmic speckled patterns) and clinical manifestations, disease course, or treatment
selection in RA remains inconclusive.

To purely assess the clinical significance of ANA in patients with RA, it is essential
to exclude patients with coexisting SARDs. The presence of SARDs may influence the
frequency of ANA positivity and the clinical manifestations, thereby complicating the
interpretation of the specific significance of ANA in RA.

This study aimed to evaluate the differences in clinical characteristics between ANA-
positive and ANA-negative patients with RA, specifically excluding those with coexisting
SARDs. Additionally, the impacts of ANA titers and staining patterns on disease activity,
treatment selection, and prognosis were examined to comprehensively elucidate the clinical
significance of ANA in RA.

2. Materials and Methods
2.1. Patients

All of the study participants were recruited from the prospective comprehensive single-
center cohort (SurvEillance of Treatment Outcome of RA patients in Clinics and Hospltals:
SETOUCHI-RA registry) [10]. All patients are Japanese RA patients, and each has a
diagnosis of RA based on the 1987 American College of Rheumatology (ACR) criteria [11]
and/or 2010 ACR/European League Against Rheumatism (EULAR) classification criteria
for RA [12].

2.2. Data Collection

Of the 917 patients with RA aged 18 years or older who visited the hospital between
October 2022 and January 2023, 877 patients underwent disease activity assessment using
the Clinical Disease Activity Index (CDAI) and serological assessment including ANA.
Treatment histories and clinical data were collected with a data-collecting system and
evaluated. The 814 patients were included in the analysis, excluding 63 patients with
SARDs other than RA (Figure 1, Supplementary Table S1). This study was approved by
the Ethics Committee of our hospital (Ethics Application No. 5564-04) and conducted
in accordance with the Ethical Guidelines for Medical and Health Research Involving
Human Subjects.

Malignancy was defined as the presence of a currently treated or monitored malig-
nant tumor, as well as a history of previously treated malignancy. RA-lung disease was
defined as the presence of pulmonary manifestations, including interstitial lung diseases
(ILD), airway-related diseases, pulmonary vasculature involvement, and pleural involve-
ment [13-15], with the majority of cases being ILD. These conditions were confirmed by a
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rheumatologist and /or pulmonologist based on clinical evaluation, imaging studies (e.g.,
chest computed tomography), and/or pulmonary function tests, as appropriate. Difficult-
to-treat rheumatoid arthritis (D2T-RA) was defined according to the EULAR criteria [16]
as patients who required two or more biologics or JAK inhibitors with different modes of
action but still had a CDAI score of 10 or higher, or required glucocorticoids equivalent to
7.5 mg/day or more of prednisolone.

SETOUCHI-RA registry
(Oct. 2023-Jan. 2024)
RA n=917

Evaluation of CDAI and
{ anti-nuclear antibody

[ror

Complicated
with SARD
n=63

y
| n=814 |

Figure 1. Process of patient selection.

ANA was determined by the fluorescent antibody method (SRL Co., Inc. Tokyo, Japan).
Baseline ANA levels more than 1:40 were regarded as positive. ACPA was quantified by
the ARCHITECT anti-CCP assay (Abbott Japan, Tokyo, Japan). IgM-rheumatoid factor (RF)
was quantified by latex—turbidimetric immunoassay, using the N-Assay LA RF-K Nittobo
(Nittobo Medical, Koriyama, Japan). The cutoff levels of the antibodies were set according
to the manufacturers’ instructions (ACPA < 4.5 U/mL, RF < 15 IU/mL).

2.3. Statistical Analysis

JMP version 17.0 (SAS Institute Japan Ltd., Tokyo, Japan) was used for statistical
analyses. Descriptive summary statistics are provided in Table 1 and Supplementary Table
S2 for all continuous variables with parametric or non-parametric data, analyzed using the
chi-square test or Wilcoxon rank-sum test, as appropriate. Differences were considered
statistically significant at a two-tailed p < 0.05 level. The clinical information and laboratory
data items of patients with RA were subjected to hierarchical clustering using Ward’s
method and visualized as a heat map. A multivariable logistic regression analysis was
then performed to investigate the factors associated with RA-associated lung disease in the
univariable analysis (p < 0.1).

Table 1. Clinical and laboratory features in patients with rheumatoid arthritis stratified by anti-
nuclear antibody status.

Total ANA-Negative ANA-Positive p-Value
Number 814 476 (41.5) 338 (58.5)
Gender: Female (%) 613 (75.3) 346 (72.7) 267 (80.0) 0.048
Age,y 66 (56, 75) 66 (57, 74) 66 (55.8, 75) 0.83
Disease duration, M 131 (67, 200) 129 (69, 191) 137 (61, 203) 0.39
BMI, kg/m? 22.5(20.0, 25.0) 22.6 (19.9,24.8) 22.5(20.1, 25.4) 0.55
RA Family history (%) 164 (20.3) 92 (19.4) 72 (21.5) 0.48
Smoking history (%) 319 (39.2) 192 (40.5) 127 (37.6) 0.42
Positivity of RF (%) 594 (73.0) 321 (67.4) 273 (80.8) <0.0001
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Table 1. Cont.

Total ANA-Negative ANA-Positive p-Value
Positivity of ACPA (%) 629 (77.3) 352 (74.0) 277 (82.0) 0.007
Erosive X-ray (%) 416 (51.4) 238 (50.2) 178 (53.0) 0.31
Pain VAS 15 (2, 40) 10 (2, 30) 20 (2, 40) 0.21
Fatigue VAS 20 (10, 50) 20 (10, 50) 27.5 (10, 50) 0.41
PGA 20 (5, 40) 17 (3, 30) 20 (10, 40) 0.12
EGA 0 (0, 10) 0 (0, 10) 10 (0, 10) 0.04
T] 0(0,0) 0(0,0) 0(0,0) 091
T]28 0(0,0) 0(0,0) 0(0,0) 0.84
SJ 0(0,0) 0(0,0) 0 (0, 0.25) 0.09
5J28 0(0,0) 0(0,0) 0(0,0) 0.03
CDAI 3(1,6) 2(1,6) 3(1,7) 0.17
HAQ 0(0,0.5) 0(0,0.5) 0 (0, 0.625) 0.81
EQ-5D 0.77 (0.65, 1) 0.77 (0.67, 1) 0.77 (0.65, 1) 0.68
D2T-RA (%) 24 (2.9) 14 (2.9) 10 (3.0) 1.00
Complication
Lung disease (%) 106 (13.0) 65 (13.7) 41 (12.1) 0.60
Malignancy (%) 137 (16.8) 80 (16.8) 57 (16.9) 1.00
Osteoarthritis (%) 180 (22.1) 107 (22.5) 73 (21.6) 0.80
Mental disorders (%) 34 (4.2) 17 (3.6) 17 (5.0) 0.37
Laboratory data
RE IU/mL 42 (10, 135) 29.5 (0, 121) 54 (21, 163) <0.0001
ACPA, U/mL 60.9 (6.7, 339) 47.5 (4.0, 255) 81.1 (10.8, 429.4) 0.0009
ESR, mm/h 14 (6, 29) 12 (5, 25) 18 (8, 33) <0.0001
CRP, mg/dL 0.12 (0.05, 0.33) 0.11 (0.04, 0.32) 0.12 (0.06, 0.33) 0.33
WBC, /uL 5510 (4435, 6875) 5480 (4460, 6863) 5640 (4390, 6900) 0.98
Hb, g/dL 13.1 (12.2, 14) 13.1 (12.2, 14) 13.1 (12.1, 14) 0.28
Plt, x103/uL 232 (190, 278) 232 (190.8, 208.3) 230 (190, 273) 0.96
TP, g/dL 7.1(6.9,7.4) 7.1(6.8,7.4) 7.2(6.9,7.5) <0.0001
Alb/Glob ratio 1.4(1.2,1.6) 14 (1.2,1.6) 1.3(1.2,1.5) <0.0001
IgG, mg/dL 1257 (1069, 1473) 1196 (1032, 1406) 1353 (1136, 1598) <0.0001
IgA, mg/dL 256 (186, 341) 247 (174, 331) 266 (205, 354) 0.003
IgM, mg/dL 89 (64, 126) 82 (57,113) 102 (75, 141) <0.0001
Previously Used DMARDs
MTX (%) 717 (88.1) 423 (88.9) 294 (87.0) 0.44
bDMARDs (%) 478 (58.7) 267 (56.1) 211 (62.4) 0.07
TNFi (%) 391 (48.0) 212 (44.5) 179 (53.0) 0.02
IL-6Ri (%) 167 (20.5) 108 (22.7) 59 (17.5) 0.08
ABT (%) 94 (11.5) 49 (10.3) 45 (13.4) 0.22
JAKi (%) 125 (15.4) 74 (15.6) 51 (15.1) 0.92
Glucocorticoid (%) 524 (64.4) 312 (65.6) 212 (62.7) 0.41
DMARD:s in Current Use
MTX (%) 498 (61.2) 295 (62.0) 203 (60.1) 0.61
TNFi (%) 169 (20.7) 83 (17.4) 86 (25.4) 0.01
IL-6Ri (%) 96 (11.8) 65 (13.7) 31(9.2) 0.06
ABT (%) 56 (6.9) 31 (6.5) 25 (7.4) 0.67
JAKI (%) 103 (12.7) 60 (12.6) 43 (12.7) 1.00
Glucocorticoid (%) 148 (18.2) 93 (19.5) 55 (16.3) 0.27

Data are median (IQR, Interquartile range) except where noted. BMI = body mass index; RA = rheumatoid arthritis;
RF = rheumatoid factor; ACPA = anti-citrullinated peptide antibody; VAS = visual analog scale; PGA = physician’s
global assessment; EGA = evaluator’s global assessment; TJ] = tender joint; S] = Swollen joint; CDAI = clin-
ical disease activity index; HAQ = Health Assessment Questionnaire; ESR = erythrocyte sedimentation rate;
CRP = C-reactive protein; DAS = disease activity score; DMARDs = disease-modifying anti-rheumatic drugs;
MTX = methotrexate; LDMARDs = biologic DMARDs; TNFi = TNF inhibitors; IL-6i = IL-6 inhibitor; ABT = abata-
cept; JAKi = JAK inhibitor.
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RF and ACPA titers were classified into quintiles as follows: RF titer—QO0 (<15), Q1
(15-<33), Q2 (33-<78), Q3 (78-<190), Q4 (>190); ACPA titer—QO0 (<5), Q1 (5-<34), Q2
(34-<120), Q3 (120-<480), Q4 (>480).

3. Results
3.1. Clinical and Laboratory Features in ANA-Positive Patients with Rheumatoid Arthritis

Among the 814 patients with RA analyzed, 338 (41.5%) were ANA-positive, while
476 (58.5%) were ANA-negative. The clinical and laboratory features stratified by ANA
positivity are summarized in Table 1. No significant differences were observed in age or
disease duration. However, ANA-positive patients were more likely to be female and
showed significantly higher positivity rates and titers of RF and ACPA. They also had
elevated Evaluator’s Global Assessment (EGA) and Swollen Joint Count (SJ-28). Addition-
ally, ANA-positive patients exhibited higher levels of IgG, IgA, IgM, total protein, and
erythrocyte sedimentation rate (ESR), while their albumin/globulin (A/G) ratio was lower.
Regarding treatment history, ANA-positive patients were significantly more likely to have
used tumor necrosis factor (TNF) inhibitors.

3.2. Association Between ANA Staining Patterns and Titers

The most frequent ANA staining patterns were the speckled pattern (313 patients)
and the homogeneous pattern (269 patients), as shown in Table 2. Most homogeneous
pattern-positive patients also tested positive for the speckled pattern (Supplementary
Figure S1). ANA titers for the speckled and homogeneous patterns were predominantly
low, with titers of 1:40 observed in 71% and 74% of patients, respectively, and 1:80 in 20%
and 19%, respectively. Nucleolar pattern-positive patients showed titers up to 1:80, whereas
approximately 60% of discrete-speckled pattern-positive patients exhibited high titers of
1:320 or greater (Table 2).

Table 2. The pattern and titer of immunofluorescence staining for antinuclear antibodies in patients
with rheumatoid arthritis.

ANA Positive ANA-Titer, Number (%)
Number 1:40 1:80 1:160 1:320 1:640 1:1280
Homogeneous 269 199 (74) 51 (19) 14 (5) 5(2) 0(0) 0(0)
Speckled 313 223 (71) 63 (20) 16 (5) 9(3) 2(1) 0 (0)
Nucleolar 19 11 (58) 8 (42) 0 (0) 0 (0) 0 (0) 0 (0)
Discrete Speckled 16 1(6) 2 (13) 2 (13) 6 (38) 3(19) 2 (13)

ANA = anti-nuclear antibody.

3.3. Relationship Between ANA Titer, Staining Patterns, and Clinical Features

Hierarchical clustering was performed to examine the relationship between ANA titer,
staining patterns, and clinical and laboratory features (Figure 2). The heatmap suggests
that patient groups with moderate disease activity (MDA) or high disease activity (HDA),
including those with D2T-RA, were not consistently associated with ANA positivity. Pa-
tients with speckled or homogeneous patterns exhibited a wide range of clinical variables
with no clear trends, likely due to the high prevalence of these patterns.

In contrast, nucleolar pattern-positive patients tended to have older age at RA onset, a
higher proportion of patients with low disease activity (LDA), and a notable association
with pulmonary complications. On the other hand, discrete-speckled pattern-positive
patients had higher ANA titers but lower RF and ACPA titers, and their RA disease activity
was controlled at CDAI-LDA or below.
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Figure 2. Hierarchical clustering heatmap of clinical and laboratory features in rheumatoid arthritis.

When assessing the clinical significance of ANA patterns in ANA-positive patients
(Supplementary Table S2), speckled pattern positivity was significantly associated with
higher RF positivity and titers, as well as higher ACPA titers. These features were not
observed in homogeneous pattern-positive patients. Nucleolar pattern positivity was
associated with older age, a higher prevalence of pulmonary complications, and a greater
likelihood of JAK inhibitor use. Conversely, discrete speckled pattern positivity was
significantly associated with lower RF positivity.

3.4. RF and ACPA in Speckled and/or Homogeneous ANA Patterns

Speckled pattern positivity was associated with significantly higher RF positivity
and RF and ACPA titers. To further evaluate the relationship, RF and ACPA titers were
assessed in ANA-positive patients with speckled and/or homogeneous patterns using
both actual values and quartiles (Figure 3). RF and ACPA titers were significantly higher in
ANA-positive patients at 1:40 compared to ANA-negative patients (Figure 3a,c). Addition-
ally, in ANA titers of 1:40 or greater, the proportion of RF-negative and ACPA-negative
patients decreased by approximately half, while the population in Q3 and Q4 increased
(Figure 3b,d).

3.5. Risk Factors for Pulmonary Involvement in RA

Pulmonary complications are a critical aspect of RA management. Logistic regression
analysis was performed to identify risk factors for pulmonary involvement in RA, including
ANA staining patterns. Five variables with p < 0.1 in univariate analysis—gender, age, RF
titer, ACPA titer, and ANA nucleolar pattern positivity—were included in multivariate
analysis (Table 3). The independent risk factors identified were age (odds ratio 1.04,
95% confidence interval (CI) 1.02-1.06) and ANA nucleolar pattern positivity (odds ratio
3.71, 95% CI 1.30-9.82). Among ANA-positive patients, nucleolar pattern positivity was
associated with lung involvement, whereas speckled and homogeneous patterns showed
no significant correlation with specific extra-articular manifestations.
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Figure 3. Association between ANA positivity (speckled and/or homogeneous pattern) and
RF/ACPA titer in rheumatoid arthritis. For panels (a,c), non-parametric comparisons with the
ANA-negative group were conducted using Dunn’s test. For panels (b,d), statistical significance
was assessed using the exact test for the Cochran—Armitage trend test. In panels B and D, RF and
ACPA titers were classified into quintiles as follows: RF titer—Q0 (<15), Q1 (15-<33), Q2 (33-<78),
Q3 (78-<190), Q4 (>190); ACPA titer—QO (<5), Q1 (5-<34), Q2 (34-<120), Q3 (120-<480), Q4 (>480).

Table 3. Clinical risk factors for lung involvement in rheumatoid arthritis.

Univariable Multivariable
od c'ls 95% CI p-Value od c-ls 95% CI p-Value
Ratio Lower Upper Ratio Lower Upper
Gender; male 1.61 1.027 2.485 0.038 1.32 0.822 2.094 0.245
Age 1.04 1.024 1.061 <0.0001 1.04 1.018 1.057 <0.0001
BMI 0.96 0.912 1.016 0.171
RA family history 0.68 0.377 1.171 0.172
Smoking history 1.27 0.839 1.917 0.256
Drug allergy 1.17 0.668 1.963 0.569
RF titer 1.00 1.001 1.002 0.001 1.00 1.000 1.002 0.056
ACPA titer 1.00 1.000 1.001 0.003 1.00 1.000 1.001 0.059
ANA-Speckled 0.84 0.543 1.279 0.419
ANA-Homogeneous 0.77 0.487 1.203 0.260
ANA-Nucleolar 4.10 1.495 10.447 0.008 3.71 1.303 9.817 0.016
ANA-D-5p 0.44 0.024 2.206 0.373

CI = confidence interval; BMI = body mass index; RA = rheumatoid arthritis; RF = rheumatoid factor; ACPA = anti-
citrullinated peptide antibody; ANA = anti-nuclear antibody; D-Sp = discrete speckled.

4. Discussion

In this study, we comprehensively evaluated the clinical characteristics of ANA-
positive and ANA-negative patients with RA using registry data, and identified several
key findings.
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First, ANA-positive patients exhibited higher positivity rates and titers of RF and
ACPA, suggesting an association with heightened autoimmune activity. Speckled and ho-
mogeneous pattern-positive patients demonstrated higher RF and ACPA titers, indicating
the potential involvement of these staining patterns in RA pathogenesis. Furthermore,
nucleolar pattern positivity was identified as an independent risk factor for pulmonary
complications in patients with RA. This finding highlights the potential utility of the nucle-
olar pattern as a novel marker for assessing pulmonary risk, in addition to conventional RF
and ACPA [13-15,17,18].

The reported ANA positivity rates in RA range from 14% to 77%, with major dif-
ferences likely arising from population characteristics (e.g., ethnicity, disease duration)
and concomitant treatments, rather than detection methods, as all studies utilized HEp-2
cell-based IIF ANA testing. Although the ICAP has contributed to standardizing ANA
interpretation, variability between institutions and among individual observers may still
affect results. In our study, the ANA positivity rate was 42%. In contrast, Paknikar et al.
reported a 25% ANA positivity rate among patients with RA within 90 days of diagnosis [8],
and Liu et al. found a 77% positivity rate in patients with RA compared to other arthritis
patients and healthy controls, matched by age and sex [9]. Ethnic and genetic factors
significantly influence ANA prevalence and patterns in RA. Studies suggest that ANA
positivity is more common in certain populations, such as Asian cohorts, potentially due
to genetic predispositions (e.g., HLA associations) [19]. Additionally, ANA positivity is
generally more frequent in females and older individuals, reflecting broader autoimmune
susceptibility trends. The prevalence of certain autoimmune diseases, including SLE and
SS, is also higher in non-white populations, which may contribute to variations in ANA
profiles [19]. Additionally, Ishikawa et al. demonstrated that ANA positivity is more likely
with TNF inhibitor use [20], emphasizing the need to consider factors such as ethnicity,
disease severity, and treatment effects.

TNF inhibitors are known to induce ANA positivity in a subset of RA patients. Pre-
vious studies have suggested that this may be mediated through the cross-regulation of
TNF-« and interferon (IFN)-a pathways. TNF-a suppresses IFN-a production by inhibiting
the differentiation and activation of plasmacytoid dendritic cells [21]. Thus, TNF blockade
may lead to sustained IFN-« secretion, which could contribute to ANA induction and,
in some cases, lupus-like manifestations [21]. However, it remains unclear whether TNF
inhibitor-induced ANA positivity has direct clinical relevance in RA management. Further
studies are needed to determine the impact of this mechanism on treatment effectiveness
and disease progression.

The interpretation of ANA staining patterns in patients with RA also warrants further
discussion. Liu et al. reported that homogeneous patterns were the most common, followed
by speckled patterns in 60% of cases [9]. However, in our study, most homogeneous
pattern-positive patients were also positive for the speckled pattern. These differences in
staining pattern detection may be attributed to variability in interpretation, despite the
standardization efforts led by ICAP [3], and could depend on institutional practices or
technician expertise [4,5].

Generally, high-titer ANA positivity with homogeneous patterns is strongly associated
with SLE, whereas speckled patterns are linked to a variety of autoimmune diseases,
including SS and SLE [4,5,22,23]. In our study, patients with RA with other SARDs were
excluded, which likely explains the predominance of discrete speckled patterns at high titers
(>1:320). Discrete speckled pattern positivity is almost synonymous with anti-centromere
antibody positivity, a disease-specific marker for systemic sclerosis (SSc) [24], and is also a
risk factor for primary SS [25]. However, many SSc cases may be limited cutaneous types,
making the identification of typical SSc findings challenging [24].
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In ANA-positive patients with RA, female predominance, higher RF/ACPA levels, and
elevated y-globulin percentages have been reported [6,9]. In our study, we confirmed these
findings, along with higher levels of swollen joint counts and EGA. Although ANA-positive
patients with RA without SARD symptoms exhibit normal IL-13 and IL-6 levels compared
to healthy individuals, they have significantly higher type I IEN signature gene expression
in peripheral blood [26]. This suggests enhanced autoimmune responses mediated by
type I IEN signaling [27], which may contribute to the prevalence of homogeneous and
speckled patterns in ANA-positive patients. The biological mechanisms underlying ANA
positivity in RA are not yet fully elucidated. However, recent studies suggest that type I
IFN signaling plays a critical role in the autoimmune process, contributing to both ANA
production and disease pathogenesis, particularly in genetically susceptible individuals [27].
Future research should focus on clarifying the interplay between ANA and RA-specific
immune pathways to establish its role in disease progression and treatment response.

For the evaluation of connective-tissue disease-associated ILD, markers such as RF,
ACPA, anti-Scl-70 and anti-melanoma differentiation-associated gene 5 (MDAS), anti-tRNA
synthetase antibodies are considered useful [28]. Nucleolar pattern positivity is strongly
associated with SSc and related autoantibodies, such as anti-U3 RNP, anti-Th/To, anti-NOR
90, and anti-PM/Scl antibodies [29]. Furthermore, while nucleolar ANA positivity was
associated with pulmonary complications, we found no strong correlation between other
ANA patterns and extra-articular organ involvement. This highlights the need for further
studies to delineate the clinical implications of different ANA staining patterns in RA.
Among patients with RA with ILD, nucleolar pattern positivity may suggest the presence
of an SSc spectrum disease, which could influence therapeutic decisions. Recent studies
have demonstrated the utility of JAK inhibitors in RA with ILD [30-32]. Patients with
nucleolar pattern positivity had a significantly higher rate of JAK inhibitor use, possibly
reflecting a higher prevalence of pulmonary complications in this subgroup. In contrast,
ANA-positive patients with speckled or homogeneous patterns were more likely to receive
TNF inhibitors, possibly due to their higher RF and ACPA titers. However, our study does
not assess treatment effectiveness, and further prospective studies are needed to confirm
these associations. Nonetheless, whether JAK inhibitors are optimal in the context of SSc
spectrum diseases warrants further investigation.

Discrete speckled pattern-positive patients exhibited high ANA titers but low
RE/ACPA levels, suggesting a distinct pathophysiological subset among patients with
RA. Clinical differences between ANA-positive patients with speckled or homogeneous
patterns and those with discrete speckled or nucleolar patterns underscore the potential
utility of ANA staining patterns in clinical practice and therapeutic decision-making.

This study has several limitations. First, ANA detection was performed using the
ITF method, which is subject to variability in staining pattern interpretation due to institu-
tional practices or technician experience. Future studies should incorporate specific ANA
subtypes, such as anti-SSA, anti-dsDNA, and antiphospholipid antibodies, using highly
specific assays such as immunoblot, ELISA, or Crithidia luciliae indirect immunofluores-
cence test (CLIFT). This would provide a more detailed immunological profile and further
clarify the clinical implications of ANA positivity in RA patients. As a single-center study,
generalizability may be limited, and multi-center studies are needed to validate our find-
ings. Furthermore, due to the cross-sectional design, we could not assess the longitudinal
impact of ANA positivity on disease progression and treatment response. Additionally, the
effects of treatment on ANA results cannot be fully excluded, especially considering reports
that TNF inhibitors can induce ANA positivity. Future prospective studies should address
these gaps to refine the clinical significance of ANA in RA. Furthermore, while this study
excluded patients with multiple coexisting SARDs, secondary SS is relatively common
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in RA and can be challenging to diagnose accurately [33]. We focused on the primary
disease states of SARD and did not treat secondary SS as an independent condition. In
our RA registry, if other SARDs were diagnosed based on their respective classification or
diagnostic criteria, they were counted as SARDs coexisting with RA. However, we did not
comprehensively evaluate detailed autoimmune features. Additionally, when diagnosing
RA based on the 2010 ACR/EULAR classification criteria [12], the presence of a confirmed
SARD diagnosis can make it unclear whether the case truly represents RA. To ensure that
we analyzed a population that could be diagnosed as “pure RA”, we excluded patients
with other diagnosed SARDs from this study. Understanding the changes in ANA and
other immune profiles caused by secondary autoimmune conditions remains an important
area for future research.

To clarify the clinical significance of ANA in RA, multicenter prospective studies
with larger cohorts, including treatment-naive patients, are necessary. As this study is
cross-sectional, it cannot determine whether ANA positivity actively contributes to disease
progression or is simply a marker of immune activation. Longitudinal studies are required
to evaluate its predictive value in disease progression and treatment response. Future
research should also explore the biological mechanisms linking ANA positivity to disease
activity and treatment response.

5. Conclusions

In this study, we demonstrated that ANA-positive RA patients exhibit distinct clinical
and serological characteristics, with specific ANA staining patterns correlating with disease
activity and pulmonary complications. While our findings suggest that ANA positivity
may serve as a potential biomarker for patient stratification, its clinical applicability remains
uncertain. Further studies incorporating specific autoantibody subtypes and longitudinal
analyses are needed to refine its role in RA management. ANA testing should be interpreted
in the context of other serological markers and clinical features, rather than as a standalone
diagnostic or prognostic tool. Future research should explore the prognostic implications
of ANA in RA and assess its role in guiding therapeutic decision-making, with the goal of
integrating ANA testing into personalized RA management strategies.
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Abstract: Objectives: To examine long-term outcomes and predictors of structural and
functional remission in rheumatoid arthritis (RA) after 10-year disease-modifying an-
tirheumatic drug (DMARD) therapy under tight control. Methods: We used real-world
cohort data from RA patients who completed 10-year DMARD therapy toward remission
or low disease activity based on every-3-month measurements between April 2001 and
July 2024. Baseline characteristics, disease control during follow-up, and outcomes after
10 years were examined. Results: Among 204 patients, 76% received biological and/or
non-biological targeted DMARDs. Clinical remission, structural remission defined as an
increase in modified total Sharp score (mTSS) < 5 per 10 years, and functional remission
defined as health assessment questionnaire-disability index (HAQ-DI) < 0.5 were achieved
by 68.1%, 73.0%, and 81.4% of patients, respectively. The mean increase (A) in mTSS was
5.4 for 10 years (Aerosion score, 1.2; Ajoint space narrowing [JSN] score, 4.2), and 28.9%
of patients had no structural progression (51% for erosion score and 34.8% for JSN score).
Mean HAQ-DI was 0.26. During a 10-year follow-up, 8.8% of patients experienced high or
moderate disease activity lasting for >12 months and they had a low structural remission
rate (11.1%) and functional remission rate (16.6%). According to multivariable logistic
regression analysis, baseline mTSS and JNS score (but not erosion score) were strong predic-
tors for structural and functional remission after 10 years. Conclusions: Structural damage
progression and functional loss are limited during 10-year tightly controlled DMARD
therapy. Compared with bone erosion, JSN appears to be of much higher relevance to
structural and functional outcomes.

Keywords: rheumatoid arthritis; structural remission; functional remission; joint space
narrowing; tight control; predictive factors; long-term outcomes

1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease characterized by synovial
membrane inflammation, which causes progressive joint damage [1,2]. Joint damage
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is closely related to physical function in RA patients and health-related quality of life,
especially as disease duration increases [3-5]. Systematic reviews of the literature between
1986 and 2001 showed that structural damage, which comprises bone erosion and cartilage
degradation, starts early in the disease course and constantly progresses over the first
20 years [3,4]. However, management of RA has been revolutionized over the past decades.
The availability of conventional, biological, and non-biological targeted disease-modifying
antirheumatic drugs (DMARDs) has dramatically improved long-term outcomes. Early
and aggressive intervention of DMARDs with increased treatment choice can induce the
prompt suppression of inflammatory disease activity and a significant reduction in joint
damage in RA patients [6-8].

Tight control of RA is a treatment strategy tailored to individual patients with the
aim of achieving a predefined level of disease activity within a certain period of time.
This treatment strategy is attained by careful and regular monitoring of disease activity
as well as early therapeutic adjustments or switches of DMARD therapies that fail to
control disease activity [9,10]. The development and widespread adoption of validated
composite measures, which include joint assessment, have allowed disease activity to be
quantified reliably [11,12]. Previous clinical trials have indicated that the tight-control strat-
egy can not only adequately control clinical disease activity, but also substantially reduce
radiographic progression compared with conventional approaches to the management
of RA [13-16]. In these clinical trials, the treatment goal was clinical remission or low
disease activity; measurements of disease activity were performed every 1 to 3 months and,
until the desired treatment goal was reached, DMARD therapies were adjusted at least
every 3 months [13-16]. The treat-to-target strategy, which was first developed in 2010 as
the guideline principle for the treatment of RA, recommends that treatment be directed
to reach and maintain remission or at least low disease activity, and be adjusted toward
such a goal at least every 3 months based on the tight-control strategy [17,18]. A recent
systematic review and meta-analysis of the literature between 1990 and 2023 indicated that
the treat-to-target strategy has significant advantages in increasing clinical response and
remission rates and improving health-related quality of life in RA patients [19]. However,
there is limited information regarding long-term protective effects of the treat-to-target
strategy under tight control on structural damage progression and functional loss, as well as
predictive factors for structural and functional remission in real-world settings, especially
after various biological and non-biological targeted DMARDs have become available in
RA treatment.

Our objectives were to examine long-term outcomes and predictors for structural and
functional remission in RA patients after 10-year DMARD therapy under tight control
toward remission or at least low disease activity in daily practice. For this study, we
conducted a retrospective, long-term follow-up study using real-world cohort data from
RA patients who had completed 10-year tight-control DMARD therapy based on every-
3-month measurements between April 2001 and July 2024. We examined the contribution
of bone erosion and cartilage degradation to structural damage progression and functional
loss at 10 years. Additionally, structural and functional outcomes were compared between
patients with experience of high or moderate disease activity lasting >12 months and those
with good disease control during 10-year DMARD therapy.

2. Materials and Methods
2.1. Patients

We used a real-world database of RA patients who visited the rheumatology division
of the National Hospital Organization (NHO) Kumamoto Saishun Medical Center as of
April 2001. From this database, we identified patients who started DMARD therapy be-
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tween April 2001 and July 2014 and had been followed for >10 years by July 2024. All
participants in this study were required to fulfill the 2010 American College of Rheumatol-
ogy (ACR)/European Alliance of Associations for Rheumatology (EULAR, formerly the
European League Against Rheumatism) criteria for diagnosis of RA [20] and were required
to be 18 years of age or older. Patient enrollment flow diagram is shown in Figure 1.
We excluded patients if they had any of the following characteristics at their first visit:
(1) Steinbrocker radiological stage IV (because of the difficulty in precise scoring of joint
damage); (2) previous use of biological DMARD (bDMARD) or targeted synthetic DMARD
(tsDMARD); and (3) lack of baseline x-rays of hands and/or feet. We also excluded patients
who had failed to receive 10-year DMARD therapy under tight control of clinical disease
activity due to the following reasons: (1) discontinuation of DMARD therapy (adverse
events or patient’s preference) or (2) drop-out of tight control of clinical disease activity.
We did not exclude patients who discontinued DMARD therapy temporarily for certain
reasons (e.g., liver enzyme elevations, infection, surgical interventions) and then restarted
within 1 month.

| Patients who started DMARD therapy at our institution between April 2001 and July 2014 (n = 572) |

l

Patients who were followed for>10 years (n = 392)

—'| Steinbrocker radiological stage IV at baseline (n =91) |

——+ Previous usc of PDMARD/(sDMARD at bascline (n =S8) |

—'| Lack of baseline x-rays of hand and/or foot (n = 22) |

Drop-out of tight control strategy during follow-up (n = 38) |<—

Discontinuation of DMARD therapy during follow-up
Adverse events (n=17)
Patient’s preference (n = 12)

Patients who continued DMARD therapy for >10 years under tight control (n = 204)

}

Outcomes of 10-year DMARD therapy *
Structural remission (n =149 [73.0%])
Functional remission (n = 166 [81.4%])
Clinical remission (n =139 [68.1%]) and LDA (n = 56 [27.5%)])

Figure 1. Patient enrollment flow diagram t Included infection (11 = 4), fracture (1 = 4), malignancy
(n = 3), Fabry disease (n = 1), dementia (1 = 1), de novo hepatitis B virus infection (1 = 1), cardiac
infarction (n = 1), chronic pulmonary embolism (n = 1), and lymphopenia (1 = 1). We did not exclude
patients who discontinued DMARD therapy temporarily and restarted within 1 month. ¥ Defined
as AmTSS < 5.0 for structural remission, HAQ-DI < 0.5 for functional remission, CDAI < 2.8 for
clinical remission, and CDAI > 2.8 and <10 for LDA. CDAI clinical disease activity index; DMARD,
disease-modifying antirheumatic drug; bDMARD, biological DMARD; tsDMARD, targeted synthetic
DMARD; HAQ-DI, health assessment questionnaire-disability index; LDA, low disease activity;
mTSS, van der Heijde-modified total Sharp score; RA, rheumatoid arthritis.

Tight control was defined as a treatment strategy in which (1) assessment of clinical
disease activity should be performed at each scheduled visit (every 1-3 months) or at
any time if patients had aggravation of their clinical signs or symptoms; and (2) DMARD
therapy should be modified or changed if patients cannot achieve remission or at least low
disease activity within 3 months or if patients suffer from a disease flare [9,10]. A disease
flare was defined as a worsening of the disease activity index (a return to moderate or high
activity) at any time during follow-up.
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2.2. Data Collection at Baseline

We reviewed our patient records and collected clinical data at the time of their first
visits (baseline characteristics), which included demographic characteristics (age and sex),
RA-related factors (28-joint disease activity score based on erythrocyte sedimentation rate
[DAS28-ESR], duration of joint signs and / or symptoms (disease duration), anti-cyclic citrul-
linated peptide antibodies [anti-CCP], and rheumatoid factor [RF]), smoking history, and
body mass index (BMI). Sera that had been collected at the first visit and stored at —80 °C
were used for the detection of anti-CCP and RF. Detailed methods for the measurement
have been described in our previous study [21]. The previous use of conventional synthetic
DMARDs (csDMARDs) and year of the patient’s first visit at our institution were also
recorded. The availability of DMARDs differed between 2001 and 2014. To explore the
possibility that this difference in DMARD availability during the early stage of a patient’s
treatment might affect structural and functional outcomes after 10 years, we included the
year of each patient’s first visit in the baseline characteristics.

2.3. Monitoring Clinical Disease Activity During Follow-Up

For monitoring disease activity, we used DAS28-ESR between 2001 and 2005. Since
2006, the clinical disease activity index (CDAI) has been used to follow patients [11,22].
For CDALI, cut-off values for disease activity states were defined as follows: >22 for high
disease activity; >10 and <22 for moderate disease activity; >2.8 and <10 for low disease
activity; and <2.8 for remission [11]. For DAS28-ESR, the following definition was used:
>5.1 for high disease activity; >3.2 and <5.1 for moderate disease activity; >2.6 and <3.2
for low disease activity; and <2.6 for remission [23]. For all patients, the disease activity
state after 10-year DMARD therapy was determined based on CDAI values.

Based on the clinical disease activity during the 10-year follow-up, each RA patient
was classified into a poor control group (patients with experience of high or moderate
disease activity lasting for >12 months), a moderate control group (patients with experience
of high or moderate disease activity lasting for 3-12 months), and a good control group
(patients without experience of high or moderate disease activity lasting for >3 months).

2.4. Assessment of Joint Destruction

To assess structural damage, we use radiographic imaging of each patient’s hands and
feet taken both at baseline and after 10 years of DMARD therapy. Each radiograph was
assessed independently by two rheumatologists who were well trained and competent to
score radiographs using the van der Heijde-modified total Sharp score (mTSS) [24,25]. The
readers were blinded to the patient’s clinical status and treatment. To evaluate structural
damage progression, a change in mTSS from baseline to 10 years later (AmTSS) was
calculated for each patient. The mTSS is the sum of the erosion score (range 0-280) and
the joint space narrowing (JSN) score (range 0-168). In addition to mTSS, we also reported
erosion score and JSN score separately because these scores can provide complementary
information on different aspects of structural damage [26,27]. The inter-observer agreement
between the two readers was determined using the intraclass correlation coefficient (ICC).
A two-way mixed-effects model with consistency definition and single rater type (ICC (3,1))
was applied [28]. The ICC (3,1) for AmTSS, erosion score, and JNS score were 0.907, 0.953,
and 0.963, respectively, which indicated excellent agreement in radiographic scoring.

2.5. Outcomes of Interest

The outcomes of interest were structural changes defined as the AmTSS, functional
impairment expressed by the health assessment questionnaire-disability index (HAQ-DI),
and improvement of clinical disease activity after 10 years of DMARD therapy under tight
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control. Structural and functional remission were defined as AmTSS < 5.0 per 10 years and
HAQ-DI < 0.5 at 10 years, respectively. Clinical remission was defined as CDAI < 2.8 at
10 years.

2.6. Statistical Analysis

Mean and standard deviation (SD) were used as descriptive statistics for data with
a continuous distribution, which included non-normally distributed data [29]. Number
(percentage) was used for categorical data. We compared baseline characteristics and
DMARD use between two patient groups using the independent-measures t-test for contin-
uous variables and Fisher’s exact probability test for categorical variables. Comparisons
of outcomes between three patient groups were performed using a one-way analysis of
variance (ANOVA) with post hoc Tukey’s honestly significant difference (HSD) test for
continuous variables and using Fisher’s exact probability test with the post hoc Holm test
for categorical variables. There were no missing measurements at baseline, clinical disease
activity state and DMARD use during follow-up, or outcomes after 10 years.

Logistic regression analysis was performed to evaluate the association between struc-
tural or functional remission after 10-year DMARD therapy as a dependent variable and a
set of baseline characteristics as independent variables that were considered to be clinically
relevant based on previous knowledge, which included age, sex, RA-related factors, smok-
ing history, BMI, previous use of sDMARDs, and year of the first visit. Additionally, mTSS
(erosion score/JSN score) at baseline was introduced into this analysis as an independent
variable. Univariable logistic regression analysis was performed first for each independent
variable. Thereafter, all variables with p-values < 0.10 in the univariable models were
introduced into multivariable logistic regression analysis. The mTSS and erosion score/JSN
score were included separately in multivariable regression analysis (Model 1 for mTSS
and Model 2 for erosion score/JSN score), because erosion score and JSN score are com-
positions of mTSS. A forced entry procedure was used in the multivariable model. The
strength of association between structural or functional remission and the independent
variables was estimated using odds ratios (ORs) and 95% confidence intervals (95% Cls).
Receiver operating characteristic (ROC) curves and the corresponding area under the curve
(AUC) values were calculated to provide an index of validity for the multivariable logistic
regression model.

For all tests, p-values < 0.05 were considered to indicate statistical significance. All
calculations were performed using PASW Statistics version 27 (SPSS Japan Inc., Tokyo,
Japan) and Easy R (Saitama Medical Center, Jichi Medical University, Saitama, Japan) [30].

3. Results

3.1. Baseline Characteristics of RA Patients Grouped by Achievement of Structural and Functional
Remission After 10-Year DMARD Therapy

As shown in Figure 1, we identified 204 patients with RA (50 males and 154 females)
who completed 10-year DMARD therapy under tight control. Baseline characteristics are
shown in Table 1. The mean age at baseline was 57.5 years, and the mean disease duration
was 1.8 years. More than 80% of patients did not have previous use of any type of DMARDs
at baseline. The mean DAS28-ESR was 4.8. The mean mTSS at baseline was 8.4 (erosion
score, 3.2; JSN score, 5.2) and 30.9% had normal joint space without bone erosion at baseline
(mTSS = 0).
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Table 1. Baseline characteristics of RA patients grouped by achievement of structural and functional
remission after 10-year tight-control DMARD therapy.

Functional Remission 1

Total Structural Remission T r P
Baseline Characteristics (n =204) Yes No Yes No
(n=149) (n = 55) (n = 166) (n = 38)
Age, years, mean (SD) 57.5 (10.4) 57.9 (10.8) 56.4 (9.3) 0.34 56.7 (9.9) 61.3 (11.7) 0.013

>65 years, number (%) 48 (23.5) 38 (25.5) 10 (18.2) 0.35 32 (19.0) 16 (44.4) 0.005
Male, number (%) 50 (24.5) 43 (28.9) 7 (12.7) 0.018 46 (27.4) 4(11.1) 0.035
Anti-CCP positive, number (%) 179 (87.7) 127 (85.2) 52 (94.5) 0.092 144 (86.7) 35 (92.1) 0.58
RF positive, number (%) 162 (79.4) 114 (76.5) 48 (87.3) 0.12 131 (78.9) 31 (81.6) 0.83
DAS28-ESR, mean (SD) 48(1.2) 47 (1.2) 5.1(1.1) 0.030 47 (1.1) 54 (1.2) <0.001

High (>5.1) number (%) 86 (42.2) 58 (38.9) 28 (50.9) 0.15 63 (38.0) 23 (60.5) 0.017
Disease duration T, years, mean (SD) 1.8 (3.5) 1.4 (2.9) 2.8 (4.7) 0.020 1.7 (3.5) 2.4 (3.5) 0.23

<6 months, number (%) 126 (61.8) 94 (63.1) 32 (58.2) 0.52 106 (63.9) 20 (52.6) 0.20
Year of the first visit ¥, number (%)

2001-2008 75 (36.8) 58 (38.9) 17 (30.9) 0.33 62 (37.3) 13 (34.2) 0.85

2009-2011 77 (37.7) 55 (36.9) 22 (40.0) 0.75 63 (38.0) 14 (36.8) 1.00

2012-2014 52 (25.5) 36 (24.2) 16 (29.1) 0.47 41 (24.7) 11 (28.9) 0.68
Previous csDMARD use, number (%)

No use 173 (84.8) 129 (86.6) 44 (80) 0.27 141 (84.9) 32(84.2) 1.00
Smoking history > 30 PYs, number (%) 31(15.2) 27 (18.1) 4(7.3) 0.077 28 (16.9) 3(7.9) 0.21
BMI > 25, number (%) 32 (15.7) 19 (12.8) 13 (23.6) 0.081 24 (14.5) 8 (21.1) 0.13
mTSS (range 0-448) §, mean (SD) 8.4 (13.7) 5.8 (10.7) 15.5 (18.0) <0.001 6.6 (11.6) 16.5 (18.7) <0.001

0, number (%) 63 (30.9) 57 (38.3) 6 (10.9) <0.001 60 (36.1) 3(7.9) <0.001

>0 and <5, number (%) 66 (32.4) 50 (33.6) 16 (29.1) 0.62 53 (31.9) 13 (34.2) 0.85

>5 and <25, number (%) 55 (27.0) 33 (22.1) 22 (40) 0.013 41 (24.5) 14 (36.8) 0.16

>25, number (%) 20 (9.8) 9 (6.0) 11 (20) 0.006 12 (7.2) 8 (21.1) 0.016
Erosion score, mean (SD) 3.2(6.0) 2.4 (4.6) 5.5 (8.3) <0.001 2.6 (4.6) 6.1 (9.6) <0.001

No erosion, number (%) 94 (46.1) 75 (50.3) 19 (34.5) 0.057 85 (51.2) 9 (23.7) 0.002

>0 and <3, number (%) 63 (30.9) 46 (30.9) 17 (30.9) 1.00 46 (27.7) 17 (44.7) 0.051

>3 and <10, number (%) 26 (12.7) 19 (12.8) 7 (12.7) 1.00 22 (13.3) 4(10.5) 0.79

>10, number (%) 21 (10.3) 9 (6.0) 12 (21.8) 0.003 13 (7.8) 8(21.1) 0.033

Only erosion, number (%) 33 (16.2) 20 (13.4) 13 (23.6) 0.089 28 (16.9) 5(13.2) 0.79
JSN score, mean (SD) 5.2 (8.7) 3.5 (6.6) 10.0 (11.5) <0.001 4.0 (7.7) 10.4 (10.9) <0.001

Normal joint space, number (%) 97 (47.5) 83 (55.7) 14 (25.5) <0.001 89 (53.6) 8(21.1) <0.001

>0 and <3, number (%) 33 (16.2) 26 (17.4) 7 (12.7) 0.52 28 (16.9) 5(13.2) 0.81

>3 and <10, number (%) 35 (17.2) 23 (15.4) 12 (21.8) 0.30 27 (16.3) 8(21.1) 0.48

>10, number (%) 39 (19.1) 17 (11.4) 22 (40) <0.001 22 (13.3) 17 (44.7) <0.001

Only JSN, number (%) 36 (17.6) 28 (18.8) 8(14.5) 0.54 30 (18.1) 6 (15.8) 0.61

* Compared between patients who achieved remission and those who failed in achieving remission, using Fisher’s
exact probability test for categorical variables and independent-measures t-test for continuous variables.  Defined
as the time length from onset of joint symptoms and/or signs to the first visit at our institution. ¥ Available
DMARDs: 2001-2008, TNF inhibitors; 20092011, plus IL-6 inhibitors and abatacept; 20122014, plus JAK
inhibitors. § Determined as the sum of the erosion score (range 0-280) and the JSN score (range 0-168). 1 Defined
as AmTSS < 5.0 per 10 years for structural remission and HAQ-DI < 0.5 at 10 years for functional remission.
anti-CCP, anti-cyclic citrullinated peptide antibodies; BMI, body mass index; csDMARDs, conventional synthetic
DMARDs; DAS28-ESR, 28-joint disease activity score using erythrocyte sedimentation rate; DMARD, disease-
modifying antirheumatic drug; HAQ-DI, health assessment questionnaire-disability index; IL-6, interleukin-6;
JAK, Janus kinase; JSN, joint space narrowing; mTSS, van der Heijde-modified total Sharp score; PYs, pack-years;
RA, rheumatoid arthritis; RF, rheumatoid factor; SD, standard deviation; TNF, tumor necrosis factor.

After 10-year DMARD therapy under tight control, 195 patients (95.6%) achieved
clinical remission (68.1% for CDAI < 2.8) or low disease activity (27.5% for CDAI > 2.8 and
<10). In total, 149 patients (73.0%) in structural remission and 166 patients (81.4%) were
in functional remission (Figure 1). As shown in Table 1, mean mTSS, erosion score, and
JNS score at baseline were significantly lower in the structure remission and functional
remission groups than in the non-remission groups (structural remission: 5.8 versus 15.5
for mTSS, 2.4 versus 5.5 for erosion score, 3.5 versus 10.0 for JSN score, p < 0.001; functional
remission: 6.6 versus 16.5 for mTSS, 2.6 versus 6.1 for erosion score, 4.0 versus 10.4, for
JSN score, p < 0.001). Regarding demographic characteristics, patients in the functional
remission group were significantly younger compared with those in the non-remission
group (56.7 versus 61.3 years, p = 0.013). Rates of male patients were higher in the structural
remission and functional remission groups than in the non-remission groups (structural re-
mission: 28.9% versus 12.7%, p = 0.018; functional remission: 27.4% versus 11.1%, p = 0.035).
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Regarding RA-related characteristics, the mean DAS28-ESR values were lower in the
structural remission and functional remission groups compared with the non-remission
groups (structural remission: 4.7 versus 5.1, p = 0.030; functional remission: 4.7 versus 5.4,
p <0.001). Disease duration was significantly shorter in the structural remission group
than in the non-remission group (1.4 years versus 2.8 years, p = 0.020).

3.2. Clinical, Functional, and Structural Outcomes in RA Patients Grouped by Disease Activity
Control During 10-Year DMARD Therapy

Detailed clinical, functional, and structural outcomes after 10 years are shown in
Table 2. Mean CDAI and HAQ-DI were 2.8 and 0.26, respectively. Mean mTSS was 13.8
(erosion score, 4.4; JSN score, 9.4). Mean increase in mTSS (AmTSS) for 10 years was 5.4
(Aerosion score, 1.2; AJSN score, 4.2). Median AmTSS was 2.0. Under tight control, 28.9% of
patients had no structural changes for 10 years, 51.0% had no progression of bone erosion,
and 34.8% had no changes in JSN (Table 2 and Figure 2). The contribution of JSN changes to
joint damage progression was much higher compared with progression of erosive changes.

Table 2. Outcomes in RA patients grouped by experience of high or moderate disease activity during
10-year tight-control DMARD therapy.

Good Moderate N
Outcomes at 10 Years Total Control * Control Poor Control * P
(n = 204) (n=134) (n=52) (n=18)

Clinical disease activity at 10 years

CDALI, mean (SD) 2.8 (3.1) 1.9 (2.1) 3.5(3.5) 7.6 (3.6) <0.001

Remission (<2.8), number (%) 139 (68.1) 109 (81.3) 28 (53.8) 2 (11.1) <0.001

Low (>2.8 and <10), number (%) 56 (27.5) 23 (17.2) 20 (38.5) 13 (72.2) <0.001
Physical function at 10 years

HAQ-DI, mean (SD) 0.26 (0.49) 0.12 (0.34) 0.35 (0.45) 1.05 (0.69) <0.001

HAQ-DI < 0.5 (remission), number (%) 166 (81.4) 126 (94.0) 37 (71.2) 3 (16.6) <0.001
Structural changes for 10 years

mTSS at 10 years, mean (SD) 13.8 (17.8) 7.8 (12.0) 22.5(20.6) 34.1 (20.9) <0.001

AmTSS, mean (SD) 5.4 (9.0) 1.7 (2.2) 8.6 (9.3) 22.9 (14.6) <0.001

AmTSS, median (IQR) 2.0 (0, 6) 1.0 (0, 3.0) 5.3 (2.5,13) 20.3 (9.9, 36.4) <0.001

AmTSS < 5 (remission), number (%) 149 (73.0) 121 (90.3) 26 (50.0) 2 (11.1) <0.001

AmTSS = 0 (no progression), number (%) 59 (28.9) 55 (41.0) 4(7.7) 0 <0.001

AmTSS > 25, number (%) 10 (4.9) 0 2 (3.8) 8 (44.4) <0.001
Changes in bone erosion for 10 years

Erosion score at 10 years, mean (SD) 4.4(6.9) 2.8 (4.9) 7.5(9.8) 7.5 (6.0) <0.001

Aerosion score, mean (SD) 1.2 (2.4) 0.4 (1.0) 2.0(2.9) 4.8 (3.7) <0.001

Aerosion score < 3, number (%) 180 (88.2) 131 (97.8) 41 (78.8) 8 (44.4) <0.001

Aerosion score = 0, number (%) 104 (51.0) 85 (63.4) 17 (32.7) 2 (11.1) <0.001
Changes in joint space for 10 years

JSN score at 10 years, mean (SD) 94 (12.4) 49 (7.8) 15.0 (13.0) 26.5(17.1) <0.001

AJSN score, mean (SD) 4.2 (7.3) 1.3(1.9) 6.8 (7.2) 18.1 (12.5) <0.001

AJSN score < 3, number (%) 143 (70.1) 105 (91.3) 34 (51.5) 4(17.4) <0.001

AJSN score = 0, number (%) 71 (34.8) 58 (50.4) 13 (19.7) 0 <0.001

* Differences among the patient groups were assessed using one-way analysis of variance (ANOVA) with
Tukey’s HSD post hoc test for continuous variables and Fisher’s exact probability test with the post hoc Holm
test for categorical variables. * Defined as the experience of high or moderate disease activity continuing for
>12 months (poor control), the experience of high or moderate disease activity continuing for 3-12 months
(moderate control), and no experience of high or moderate disease activity continuing for >3 months (good
control) during 10-year DMARD therapy. ANOVA, analysis of variance; CDAI, clinical disease activity index;
DMARD, disease-modifying antirheumatic drug; HAQ-DI, health assessment questionnaire-disability index;
HSD, honestly significant difference; IQR, interquartile range; JSN, joint space narrowing; mTSS, van der Heijde-
modified total Sharp score; RA, rheumatoid arthritis; SD, standard deviation; A, a change from baseline to
10 years later.
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Figure 2. Cumulative probability plots of changes in mTSS (A), erosion score (B), and JSN score (C)
for 10 years of DMARD therapy under tight control. JSN score, joint space narrowing score; mTSS,
van der Heijde-modified total Sharp score.

We classified RA patients into three categories; that is, good, moderate, and poor
control groups, based on the experience of high or moderate disease activity for 10 years
(Table 2). In total, 134 patients (65.7%) had no experience of high or moderate disease
activity lasting for >3 months (good control group). In contrast, 18 patients (8.8%) experi-
enced high or moderate disease activity lasting for >12 months (poor control group), and
52 patients (25.5%) had high or moderate disease activity lasting for 3-12 months (moderate
control group). Ten years later, the means of CDAI, HAQ-DI, mTSS, and AmTSS, as well as
the rates of patients with clinical, functional, and structural remission, were significantly
different among the three patient groups. In the good control group, more than 90% of
patients were in structural remission and functional remission at 10 years. In contrast, the
rates of structural remission and functional remission in the poor control group were 11.1%
and 16.6%, respectively. Progression of bone erosion and JSN was significantly slower in
the good control group compared with the poor and moderate control groups, but their
contributions to structural changes were similar among the three control groups.

3.3. DMARD Use for 10 Years in RA Patients Under Tight Control

All patients, except those with contraindication for methotrexate (MTX), started
DMARD therapy with MTX monotherapy. As shown in Table 3, 96.6% of patients used
MTX. MTX exposure was significantly longer in the structural remission and functional
remission groups than in the non-remission groups (structural remission: 109.1 versus
92.0 months; functional remission: 107.4 versus 89.7 months, p < 0.001). In total, 155 patients
(76%) received bDMARD and/or tsDMARD. The rate of bDMARD/tsDMARD use for
10 years was significantly lower in the functional remission group compared with the
non-remission group (71.7% versus 94.7%, p = 0.001). A similar trend was observed in a
comparison between the structural remission group and the non-remission group (72.5%
versus 85.5%, p = 0.065). The number of bDMARD/tsDMARD classes used per patient
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for 10 years was significantly smaller in the structural remission and functional remission
groups compared with the non-remission groups (structural remission: 1.2 versus 1.9,
p < 0.001; functional remission: 1.2 versus 2.3, p < 0.001). The number of failures per patient
was significantly smaller in the structural remission and functional remission groups than
in the non-remission groups (structural remission: 0.5 versus 1.2, p < 0.001; functional
remission: 0.5 versus 1.5, p < 0.001). Thus, RA patients in the non-remission groups re-
ceived more classes of LPDMARD/tsDMARD and experienced more failures during 10-year
DMARD therapy compared with those in the remission groups.

Table 3. DMARD use in RA patients grouped by structural and functional outcomes after 10-year

tight-control therapy.

Total Structural Remission ** p* Functional Remission t* p*
(n =204) Yes No Yes No
(n =149) (n = 55) (n =166) (n =38)

MTX use, number (%) 197 (96.6) 142 (95.3) 55 (100) 0.19 161 (97.0) 36 (94.7) 0.62
Use as monotherapy, number (%) 49 (24.0) 41 (27.5) 8 (14.5) 0.065 47 (28.3) 2 (5.3) 0.001
Exposure, months, mean (SD) 1043 (28.0) 109.1(22.7)  92.0(35.9) <0.001 107.4 (24.9) 89.7(37.0)  <0.001

b/tsDMARD use ¥, number (%) 155 (76.0) 108 (72.5) 47 (85.5) 0.065 119 (71.7) 36 (94.7) 0.001
Use of 1 class, number (%) 79 (38.7) 61 (40.9) 18 (32.7) 0.33 69 (41.6) 10 (26.3) 0.10
Use of 2 classes, number (%) 40 (19.6) 29 (19.5) 11 (20.0) 1.00 30 (18.1) 10 (26.3) 0.26
Use of >3 classes, number (%) 36 (17.6) 18 (12.1) 18 (32.7) 0.001 20 (12.0) 16 (42.1) <0.001
Number of classes used per patient, mean (SD) 1.4 (1.1) 1.2(1.0) 1.9 (1.3) <0.001 1.2 (1.0) 2.3(1.3) <0.001
Exposure, months, mean (SD) § 79.6(36.1)  769(377) 858(314) 016  774(368)  86.8(32.9)  0.17
Time to the first use, months, mean (SD) § 23.3 (28.6) 23.7 (29.9) 22.3 (25.4) 0.79 24.0 (29.2) 21.0 (26.4) 0.58

b/tsDMARD failure per patient, number, mean (SD) 51 0.7 (1.1) 0.5 (1.0) 1.2 (1.3) <0.001 0.5(0.9) 1.5(1.4) <0.001
No failure, number (%) 95 (61.3) 75 (69.4) 20 (42.6)  0.002 84 (70.6) 11(30.6)  <0.001
Failure of 1 class, number (%) 26 (16.8) 15 (13.9) 11 (23.4) 0.16 17 (14.3) 9 (25.0) 0.14
Failure of 2 classes, number (%) 19 (12.3) 14 (13.0) 5 (10.6) 0.79 13 (10.9) 6 (16.7) 0.39
Failure of >3 classes, number (%) 15(9.7) 43.7) 11 (234) <0.001 54.2) 10 (27.8) <0.001

* Compared between patients who achieved remission by 10-year DMARD therapy under tight control and those
who failed in achieving remission, using Fisher’s exact probability test for categorical variables and independent-
measures {-test for continuous variables. T Determined for 197 patients who received MTX during 10-year
DMARD therapy. ¥ Including four classes of b/tsDMARDs (TNF inhibitors used for 133 patients [55.4%], IL-6
inhibitors for 70 patients [34.3%], abatacept for 34 patients [16.7%)], and JAK inhibitors for 62 patients [30.4%]).
$ Determined for 155 patients who received one or more b/tsDMARDs during 10-year DMARD therapy (108
with structural remission and 47 without it; 119 with functional remission and 36 without it). T Defined as failure
to achieve remission or low disease activity within 3 months or occurrence of disease flare. * Defined as AmTSS
for 10 years < 5.0 for structural remission and HAQ-DI after 10 years < 0.5 for functional remission. DMARD,
disease-modifying antirheumatic drug; b/tsDMARD, biological DMARD and targeted synthetic DMARD; HAQ-
DI, health assessment questionnaire-disability index; IL-6, interleukin-6; JAK, Janus kinase; mTSS, van der
Heijde-modified total Sharp score; MTX, methotrexate; RA, rheumatoid arthritis; SD, standard deviation; TNEF,
tumor necrosis factor.

3.4. Predictors of Structural Remission After 10-Year DMARD Therapy Under Tight Control

Univariable logistic regression analyses revealed that male sex, DAS28-ESR, disease
duration, mTSS, erosion score, and JSN score at baseline were significantly associated with
structural remission after 10 years (Table 4). Baseline mTSS and other baseline charac-
teristics with p < 0.10 in the univariable analyses were introduced into the multivariable
analysis as independent variables (Model 1), which showed that baseline mTSS was the
only variable to predict structural remission after 10 years. Adjusted ORs (95% Cls) for
baseline mTSS were 0.15 (0.05-0.46) for >5 and <25 (p < 0.001) and 0.12 (0.03-0.48) for >25
(p = 0.003) versus 0 (normal joint space without erosion at baseline). When baseline erosion
score and JSN score, instead of mTSS, were introduced into the multivariable analysis as
independent variables (Model 2), the JSN score and the first visit year were identified as
variables for predicting structural remission after 10 years. Adjusted ORs (95% Cls) for J[SN
score were 0.29 (0.10-0.83) for >3 and <10 (p = 0.021) and 0.14 (0.04-0.47) for >10 (p = 0.002)
versus 0 (normal joint space). Adjusted OR (95% CI) for the year of the first visit was 2.45
(1.04-5.77) for 2009-2011 versus 2001-2008 (p = 0.040).
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Table 4. Predictors of structural remission after 10-year DMARD therapy under tight control.

Univariable Analysis

Multivariable Analysis

Multivariable Analysis

. . (Model 1) (Model 2)
Variables at Baseline
Unadjusted OR p* Adjusted OR p* Adjusted OR p*
(95% CI) (95% CI) (95% CI)
Age per additional year 1.02 (0.99-1.05) 0.34 - - - -
Age > 65 years, yes Vs. no 1.54 (0.71-3.35) 0.28 - - - -
Male vs. female 2.78 (1.17-6.63) 0.020 3.57 (0.97-13.16) 0.056 3.13 (0.83-11.77) 0.091
Anti-CCP, positive vs. negative 0.33 (0.10-1.16) 0.080 0.35 (0.09-1.43) 0.14 0.30 (0.07-1.29) 0.11
RF, positive vs. negative 0.48 (0.20-1.14) 0.097 - - - -
RF >200 U/mL, yes or no 0.49 (0.23-1.02) 0.060 0.44 (0.18-1.09) 0.076 0.43 (0.17-1.08) 0.073
DAS28-ESR per additional unit 0.74 (0.57-10.97) 0.030 0.74 (0.53-1.02) 0.066 0.74 (0.53-1.04) 0.083
High (>5.1), yes vs. no 0.62 (0.33-1.15) 0.13 - - - -
Disease duration per additional day 1.00 (1.00-1.00) 0.030 1.00 (1.00-1.00) 0.71 1.00 (1.00-1.00) 0.98
<6 months, yes vs. no 0.92 (0.49-1.75) 0.81 - - - -
Year of the first visit
2001-2008 1 (reference) - - - - -
2009-2011 1.99 (0.97-4.06) 0.060 2.18 (0.95-5.00) 0.066 2.45 (1.04-5.77) 0.040
2012-2014 2.10 (0.93-4.74) 0.080 1.64 (0.63—4.24) 0.31 1.94 (0.73-5.17) 0.18
Previous csDMARD use, yes vs. no 0.62 (0.28-1.40) 0.25 - - - -
Smoking history > 30 PYs, yes vs. no 2.82 (0.94-8.48) 0.060 2.57 (0.51-12.92) 0.25 2.58 (0.49-13.50) 0.26
BMI > 25, yes vs. no 0.47 (0.22-1.04) 0.060 0.56 (0.22-1.47) 0.24 0.49 (0.18-1.32) 0.16
mTSS
0 (no erosion/normal joint space) 1 (reference) - 1 (reference) - - -
>0 and <5 0.33 (0.12-0.91) 0.030 0.38 (0.13-1.10) 0.074 - -
>5 and <25 0.16 (0.06-0.43) <0.001 0.15 (0.05-0.46) <0.001 - -
>25 0.09 (0.03-0.29) <0.001 0.12 (0.03-0.48) 0.003 - -
Erosion score
0 (no erosion) 1 (reference) - - - 1 (reference) -
>0 and <3 0.69 (0.32-1.45) 0.32 - - 1.16 (0.48-2.82) 0.75
>3 and <10 0.69 (0.25-1.87) 0.46 - - 2.18 (0.57-8.37) 0.26
>10 0.19 (0.07-0.52) 0.001 - - 0.76 (0.19-3.09) 0.70
JSN score
0 (normal joint space) 1 (reference) - - - 1 (reference) -
>0 and <3 0.63 (0.23-1.72) 0.36 - - 0.73 (0.23-2.24) 0.58
>3 and <10 0.32 (0.13-0.79) 0.014 - - 0.29 (0.10-0.83) 0.021
>10 0.13 (0.06-0.31) <0.001 - - 0.14 (0.04-0.47) 0.002

* Univariable and multivariable logistic regression analyses were conducted to evaluate baseline characteristics
associated with structural remission after 10 years of DMARD therapy under tight control. Structural remission
was defined as AmTSS for 10 years < 5.0. All variables with p-values < 0.10 in the univariable models were
introduced into multivariable analysis as independent factors using a forced entry procedure. As independent
factors, mTSS was introduced into Model 1, and erosion score and JSN score were introduced into Model 2. The
multivariable model yielded an AUC-ROC of 0.80 (0.73-0.86, p < 0.001) for Models 1 and 0.80 (0.74-0.87, p < 0.001)
for Model 2. anti-CCP, anti-cyclic citrullinated peptide antibodies; AUC, area under the curve; BMI, body mass
index; csDMARDs, conventional synthetic DMARDs; DAS28-ESR, disease activity score 28 joints-erythrocyte
sedimentation rate; DMARD, disease-modifying antirheumatic drug; JNS, joint space narrowing; mTSS, van der
Heijde-modified total Sharp score; OR, odds ratio; PYs, pack-years; RA, rheumatoid arthritis; RF, rheumatoid
factor; ROC, receiver operating characteristic; 95% CI, 95% confidence interval.

3.5. Predictors of Functional Remission After 10-Year DMARD Therapy Under Tight Control

In univariable logistic regression analyses, we identified advanced age, male sex,
DAS28-ESR, mTSS, erosion score, and JSN score at baseline as variables significantly
associated with functional remission after 10 years (Table 5). When baseline mTSS and
other baseline characteristics with p < 0.10 in the univariable analyses were introduced
into the multivariable analysis as independent variables (Model 1), mTSS, advanced age,
male sex, and DAS28-ESR were identified as predictor variables of functional remission
at 10 years. Adjusted ORs (95% Cls) for baseline mTSS were 0.17 (0.04-0.70) for >0 and
<5 (p = 0.014), 0.10 (0.02-0.43) for >5 and <10 (p = 0.002), and 0.07 (0.01-0.34) for >10
(p = 0.001) versus 0 (norm joint space without erosion at baseline). Adjusted ORs (95%
ClIs) for age > 65 years, male sex, and DAS28-ESR per additional unit were 0.29 (0.12-0.70)
(p = 0.006), 6.66 (1.91-23.15) (p = 0.003), and 0.55 (0.38-0.80) (p = 0.002), respectively. When
we introduced baseline erosion score and JSN score, instead of mTSS, into multivariable
analysis as independent variables (Model 2), JSN score, advanced age, male sex, and DAS28-
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ESR were detected as variables to predict functional remission after 10 years. Adjusted
ORs (95% Cls) for baseline JSN score were 0.17 (0.05-0.58) for >3 and <10 (p = 0.005) and
0.09 (0.02-0.38) for >10 (p < 0.001) versus 0 (normal joint space). Adjusted ORs (95% Cls)
for age > 65 years, male sex, and for DAS28-ESR per additional unit was 0.27 (0.10-0.69)

(p = 0.006), 6.15 (1.66-22.74) (p = 0.006), and 0.57 (0.39-0.85) (p = 0.006), respectively.

Table 5. Predictors of functional remission after 10-year DMARD therapy under tight control.

Univariable Analysis

Multivariable Analysis

Multivariable Analysis

(Model 1) (Model 2)
Variables at Baseline Unadjusted OR p* Adjusted OR p* Adjusted OR p*
(95% Cls) (95% CI) (95% CI)
Age per additional year 0.96 (0.92-0.99) 0.015 - - - -
Age > 65 years, yes vs. no 0.33 (0.16-0.70) 0.004 0.29 (0.12-0.70) 0.006 0.27 (0.10-0.69) 0.006
Male vs. female 3.26 (1.10-9.70) 0.034 6.66 (1.91-23.15) 0.003 6.15 (1.66-22.74) 0.006
Anti-CCP, positive vs. negative 0.56 (0.16-1.98) 0.37 - - - -
RF, positive vs. negative 0.85 (0.34-2.08) 0.71 - - - -
RF > 200 U/mL, yes or no 1.27 (0.49-3.31) 0.62 - - - -
DAS28-ESR per additional unit 0.58 (0.42-0.80) <0.001 0.55 (0.38-0.80) 0.002 0.57 (0.39-0.85) 0.006
High (>5.1), yes vs. no 0.40 (0.19-0.82) 0.013 - - - -
Disease duration per additional day 1.00 (1.00-1.00) 0.24 - - - -
<6 months, yes vs. no 1.59 (0.78-3.24) 0.20 - - - -
Year of the first visit
2001-2008 1 (reference) - - - - -
2009-2011 1.59 (0.70-3.60) 0.27 - - - -
2012-2014 1.40 (0.57-3.44) 0.46 - - - -
Previous csDMARD use, yes vs. no 0.95 (0.36-2.50) 091 - - - -
Smoking history > 30 PYs, yes vs. no 2.37 (0.68-8.24) 0.18 - - - -
BMI > 25, yes vs. no 0.63 (0.26-1.55) 0.32 - - - -
mTSS
0 (no erosion/normal joint space) 1 (reference) - 1 (reference) - - -
>0 and <5 0.20 (0.055-0.75) 0.017 0.17 (0.04-0.70) 0.014 - -
>5 and <10 0.15 (0.04-0.54) 0.004 0.10 (0.02-0.43) 0.002 - -
>10 0.08 (0.02-0.32) <0.001 0.07 (0.01-0.34) 0.001 - -
Erosion score
0 (no erosion) 1 (reference) - - 1 (reference) -
>0 and <3 0.29 (0.12-0.69) 0.006 - 0.46 (0.17-1.25) 0.13
>3 and <10 0.58 (0.16-2.07) 0.40 - 2.00 (0.38-10.54) 0.42
>10 0.17 (0.06-0.53) 0.002 - 0.84 (0.17-4.19) 0.83
JSN score
0 (normal joint space) 1 (reference) - - 1 (reference) -
>0 and <3 0.50 (0.15-1.66) 0.26 - 0.52 (0.14-1.94) 0.33
>3 and <10 0.30 (0.10-0.89) 0.029 - 0.17 (0.05-0.58) 0.005
>10 0.12 (0.04-0.30) <0.001 - 0.09 (0.02-0.38) <0.001

* Univariable and multivariable logistic regression analyses were conducted to evaluate baseline characteristics
associated with functional remission after 10 years of DMARD therapy under tight control. Functional remission
was defined as HAQ-DI after 10 years < 0.5. All variables with p-values < 0.10 in the univariable models were
introduced into multivariable analysis as independent factors using a forced entry procedure. As independent
factors, mTSS was introduced into Model 1, and erosion score and JSN score were introduced into Model 2. The
multivariable model yielded an AUC-ROC of 0.80 (0.73-0.88, p < 0.001) for Model 1 and 0.83 (0.75-0.90, p < 0.001)
for Model 2. anti-CCP, anti-cyclic citrullinated peptide antibodies; AUC, area under the curve; BMI, body mass
index; csDMARDs, conventional synthetic DMARDs; DAS28-ESR, 28-joint disease activity score using erythrocyte
sedimentation rate; DMARD, disease-modifying antirheumatic drug; HAQ-DI, health assessment questionnaire-
disability index; JSN, joint space narrowing; mTSS, van der Heijde-modified total Sharp score; OR, odds ratio;
PYs, pack-years; RA, rheumatoid arthritis; RF, rheumatoid factor; ROC, receiver operating characteristic; 95% CI,
95% confidence interval.

3.6. Sensitivity Analysis

Considering the influence of disease control for the 10-year follow-up on structural
and functional outcomes, we performed univariable and multivariable logistic regression
analyses for RA patients who experienced high or moderate disease activity lasting for
>3 months (the poor and moderate control groups) (Tables S1 and S2). In multivariable
logistic regression models, baseline mTSS (Model 1) and JSN score (Model 2) were identified
as the strong predictors of structural and functional remission after 10 years.
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4. Discussion

In the present study, 76% of RA patients were treated with bDMARDs and/or tsD-
MARDs. Clinical, structural, and functional remission were achieved in 68.1%, 73.0%, and
81.4%, respectively, of RA patients who completed 10-year DMARD therapy under tight
control. Mean AmTSS per 10 years was 5.4 (Aerosion score, 1.2; AJNS score, 4.2), and 28.9%
of patients had no structural progression for 10 years (51% without erosive progression and
34.8% without JNS progression). Mean HAQ-DI was 0.26. During 10-year DMARD therapy,
65.7% of patients showed good control of disease activity, but 8.8% experienced high or
moderate disease activity lasting for >12 months. The disease control significantly affected
structural and functional outcomes after 10 years. For all patients, baseline mTSS and
JSN score (but not erosion score) were the strong predictors for structural and functional
remission after 10 years. Even for patients who failed at good disease control during
follow-up, baseline mTSS and JSN were identified as factors predicting structural and
functional remission.

Radiographic progression and functional loss in the present study were limited com-
pared with previous 10-year follow-up studies without tight control. A prospective cohort
study for RA patients recruiting from 1993 to 1994 reported that the mean mTSS of hands
and feet increased to 35.4 at 10 years from 5.8 at baseline (average annual progression rate,
2.96/year) [31]. Longitudinal follow-up studies for RA patients starting in 1992 (EURIDISS
cohort) showed that the mean mTSS of hands (scale 0-280) worsened to 36.0 at 10 years
from 6.8 at baseline (mean yearly progression rate, 2.8). Mean HAQ-DI at 10 years was
0.92 [32-34]. In a 10-year follow-up study of Japanese RA patients recruiting in 1995, the
mean mTSS worsened from 5 to 35 after 10 years [35]. Most patients in those studies were
treated with MTX and other csDMARDs without tight control during follow-up. In a
systematic review and meta-analysis using data from longitudinal observational cohorts
(follow-up range, 5-20 years), Carpenter et al. showed that the annual progression rate of
structural joint damage in studies recruiting between 1990 and 2011 was significantly lower
compared with that in studies recruiting between 1965 and 1989 because of critical changes
in treatment practices [36].

Previous clinical trials have shown that the treat-to-target strategy with MTX monother-
apy or combination with infliximab or adalimumab induced long-term protective effects
on structural damage progression and functional loss in RA patients. The BeSt study
compared four different treatment strategies, namely arms 1 and 2 starting with MTX
monotherapy (switching to or adding other DMARD) and arms 3 and 4 starting with MTX
combination therapy (prednisolone or infliximab) in patients with early RA. Those patients
were recruited between 2000 and 2002 and received tightly controlled targeted treatment
to achieve low disease activity [14]. For all strategies, subsequent treatment adjustments
were done based on DAS44 measurements every 3 months [37]. Over 10 years, 82% had
low disease activity (DAS44 < 2.4) and 53% were in remission (DAS44 < 1.6). Mean esti-
mated AmTSS during follow-up was 10.9, 8.4, 8.1, and 6.1 (median 2.0, 2.5, 3.0, and 1.5)
for arms 1-4, respectively. Mean HAQ-DI after 10 years was 0.69, 0.72, 0.64, and 0.58 in
arms 14, respectively. All treat-to-target strategies were equally effective in preventing
functional disability and radiographic progression after 10 years [37,38]. The IMPROVED
study determined 5-year outcomes of early remission induction therapy with MTX plus
prednisolone followed by targeted treatment aiming at drug-free remission (DAS44 < 1.6)
with a combination of MTX and other csDMARD (arm 1) and a combination of MT and
adalimumab (arm 2) in early RA patients who were included between 2007 and 2010. Tight
control was done based on DAS44 measures every 4 months [39,40]. After 5 years, 48%
were in remission. Mean AmTSS was 2.0 (median 0.5) and 1.7 (median 0.29) in arms 1 and
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2, respectively. Mean HAQ-DI was 0.83 and 0.82 in arms 1 and 2, respectively. There were
no significant differences between the randomization arms [41].

In the 8-year open-label extension of PREMIER trials, patients with early RA who
had completed an initial double-blinded clinical trial with adalimumab plus MTX (arm 1),
adalimumab alone, (arm 2), and MTX alone (arm 3) for 2 years were then followed by
adalimumab with and without MTX during the open-label extension for 8 years. For
10-year completers, patients in the arm 1 achieved remission more readily compared with
arms 2 and 3 (75.6% in arm 1, 61.7% in arm 2, and 56.2% in arm 3). Patients initially
randomized to arm 1 displayed better structural and functional outcomes after 10 years,
particularly in the prevention of radiographic progression; mean AmTSS was 4.0, 8.8, and
11.0 for arms 1-3, respectively. Mean HAQ-DI was 0.4, 0.7, and 0.6 in arms 1-3, respectively.
Initial intensive therapy in patients with early RA had long-term benefits, which persisted
up to 10 years [42]. Similar results were obtained in the 9-year open-label extension of
the DEO19 study (a 1-year randomized controlled trial for adalimumab in patients with
long-standing RA) [43].

In the present analysis of real-world cohort data, similar levels of annual mean AmTSS
rate and mean HAQ-DI were observed to the above-mentioned results from the BeSt,
IMPROVED, and PREMIER studies. Radiographic progression was well suppressed, and
good functional ability was preserved after 10-year DMARD therapy under tight control.
The majority of our patients started RA treatment with MTX monotherapy, and if the
treatment target was not achieved within 3 months, MTX monotherapy was switched
to bDMARD or tsDMARD therapy with or without MTX. For 10 years, 76% of patients
received bDMARDs and/or tsDMARDs with and without MTX. Thus, tightly controlled
DMARD therapy from the start of RA treatment can lead to favorable long-term structural
and functional outcomes in RA patients after 10 years in the real-world setting.

In the present study, structural and functional outcomes were worse in RA patients
who experienced high or moderate disease activity lasting for >12 months during 10-year
DMARD therapy compared with those who maintained good disease activity control. In
the ESPOIR cohort study recruiting between 2002 and 2005, 10-year radiographic and
functional outcomes were better in patients in sustained remission compared with those in
sustained low disease activity and those in sustained moderate or high disease activity [44].
In a post hoc analysis of 10-year results from the BeSt study, more RA patients who had
initially received MTX combination therapy achieved early and continuous low disease
activity than those who had started with MTX monotherapy. Regardless of initial therapy,
however, RA patients with continuous low disease activity had similar long-term clinical
and radiological outcomes [45]. In another post hoc analysis of 10-year BeSt results, disease
flares were associated with long-term joint damage progression and functional deterioration
with a dose-response relationship with the number of flares [46]. These results indicated
that good control of clinical disease activity during a 10-year follow-up is important in
achieving structural and functional remission. In the present study, RA patients in the non-
remission groups received more classes of bBDMARD/tsDMARD and experienced more
failures during 10-year DMARD therapy compared with those in the structural remission
and functional remission groups. The rate of users of >3 bDMARD/tsDMARD classes was
significantly higher in the non-remission groups than in the remission groups. The users of
>3 classes had 2 or more switches of a current b(DMARD/tsDMARD to another one mainly
because of the need for treatment adjustments to control clinical disease activity. In other
words, these patients might experience high or moderate disease activity for a longer time
than users of 1 or 2bDMARD/tsDMARD classes. The data suggest that sustained remission
or at least low disease activity during follow-up is important in achieving structural and
functional remission after 10 years. In the present study, we assessed clinical disease activity
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every 1 to 3 months and, if at least low disease activity was not achieved within 3 months,
DMARD therapy was modified or changed. However, more frequent monitoring and
earlier switching or adjustments of DMARD therapy may be required for patients with
high or moderate disease activity.

We showed that baseline mTSS was a strong predictor of structural remission at the
end of a 10-year DMARD therapy under tight control. Ten-year cohort studies in Europe
also showed that baseline radiographic damage in RA patients was predictive of long-term
radiographic joint damage, although most patients in those studies were treated with
csDMARD:s [31,47]. In the post hoc analysis of patients with early RA in the ASPIRE
study, the progression of bone erosions and JSN was compared between MTX monotherapy
and infliximab plus MTX combination therapy. Among patients with development or
progression of joint damage after 54 weeks, bone erosion occurred more often than JNS in
both treatment groups, suggesting that progression of bone erosion and JSN are potentially
independent events. In addition, there was a tendency for joints with existing erosions or
JSN at baseline to have progression of the same type of damage, rather than development of
new damage [48]. Long-term effects of bone erosion and JSN on joint damage progression
were reported in the long-term extension of BeSt, IMPROVED, and DE019 trials, in which
the JSN component (cartilage damage) appeared to drive the radiological progression
compared with bone erosions regardless of initial treatment [43,49]. In the present study,
baseline JSN score, but not erosion score, was significantly associated with future structural
outcomes, and JNS was the predominant type of joint damage after 10 years of DMARD
therapy. Cartilage destruction seems to be of much higher relevance to joint damage
progression than bone destruction.

Physical dysfunction has been reported as a consequence of ongoing inflammatory
activity and structural joint damage through the course of RA; in early RA, it is most
associated with the extent of disease activity, and in late RA, with structural damage [50,51].
Physical dysfunction is partly reversible, which is mediated by disease activity. Reversibility
of physical disability decreases with the duration of RA, and in the absence of disease activ-
ity, structural damage contributes to irreversible physical dysfunction [52]. A relationship
between structural damage and impaired physical function was also shown in the EU-
RIDISS 10-year follow-up studies. Structural damage and disease activity are independent
contributors to impaired physical function early and late in the RA process. [32,34]. Using
data from several clinical trials for TNF inhibitors in RA patients, Aletaha et al. showed
that cartilage damage was more clearly associated with irreversible physical disability at
the time of remission than bone damage [53]. We found that baseline JSN score (but not
erosion score) was strongly associated with not only structural damage but also physical
dysfunction after 10-year DAMRD therapy. In addition to JSN score, baseline DAS28-ESR
was also a strong predictor for physical function after 10 years. High DAS28-ESR had a
trend to contribute to poor structural outcomes, but this association was not statistically
significant in the present study.

In previous 10-year follow-up studies, high levels of disease activity (especially exem-
plified by acute phase reactants and swollen joint counts) and the presence of autoantibodies
at baseline have been reported as prognostic factors associated with progression of joint
damage in RA [31,33,47], but these baseline characteristics were not identified as the pre-
dictors for poor structural outcomes in the present study. Using 5-year results from the
IMPROVED study, van der Pol et al. showed that, in patients with these poor prognostic
factors, there was a non-significant increase in the risk of joint damage progression as the
number of these factors increased [54].

There are some limitations to this study. First, this was a long-term retrospective
observational study, which may confer inherent limitations. However, the medical records
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in our database allowed us to obtain accurate clinical data at baseline, information about
DMARD use and control status of clinical disease activity during follow-up, and structural
and functional outcomes after 10 years. Second, the aim of this study was to evaluate long-
term outcomes and identify baseline characteristics predicting structural and functional
remission in RA patients who completed 10-year DMARD therapy under tight control.
Therefore, we excluded patients who dropped out of tightly controlled DMARD therapy
during the 10-year follow-up. However, we showed that, even in patients who completed
10-year tight-control therapy, approximately 8.8% experienced high or moderate disease
activity lasting for >12 months, and these poorly controlled patients had significantly
lower structural and functional remission rates compared with patients who maintained
good disease activity control. Third, various types of bDMARDs and tsDMARDs were
used with and without MTX during 10-year tight-control therapy. We could not examine
the effects of each DMARD therapy on long-term outcomes because of the small number of
patients in individual treatment groups and the various exposure times.

5. Conclusions

Tightly controlled DMARD therapy toward remission or at least low disease activity
can contribute to the suppression of structural damage and physical dysfunction after
10 years in the real-world setting. Baseline mTSS was a strong predictor for structural
and functional remission. JSN seems to be more clearly associated with joint damage
progression and functional loss than bone erosion. Patients with the experience of high
or moderate disease activity lasting for >12 months during follow-up are at increased
risk of poor structural and functional outcomes. Even for patients who failed at good
disease control during follow-up, baseline JSN is a strong factor predicting structural and
functional remission. To obtain favorable long-term structural and functional outcomes,
particular attention should be given to the prevention of cartilage damage progression
during DMARD therapy under tight control in daily practice.
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