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Preface

The Special Issue attempts to tour various topics that are current in the management of

rheumatoid arthritis patients. The scope ranges from preclinical forms and if we must treat it,

as well as the gender differences that the clinician must keep in mind. In regard to DMARDs,

one article is about therapeutic strategy and reviewing the data of efficacy using biologics in first

line. Another focuses on methotrexate and adverse events. Other three articles focus on JAKi,

persistence in real-world infections, and sex differences in clinical response to JAKi, respectively.

Finally, radiographic progression and its clinical relevance, interstitial lung disease and neutropenia

are the scope of the rest of the Special Issue.

As you can see in the expertise of our authors, they are researchers involved in the management

of rheumatoid arthritis patients and made great efforts and a brilliant contribution to our Special

Issue. The purpose of the issue was answering questions that arise daily for a clinician about several

hot topics. I am sure that readers will be able to find answers, no matter what their particular interest

may be.

Blanca Hernández-Cruz

Guest Editor
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A Clinical Case of Possible Pre-Rheumatoid Arthritis
A 46-year-old female, a scientist working in a laboratory, presented in the Arthritis

Unit with polyarthralgia of an intermittent course. She has a cousin with rheumatoid
arthritis (RA) but denied other inflammatory rheumatic diseases in her family. She has
a history of urticaria “a frigore”. The current symptoms began one year ago with mild
bilateral metatarsalgia, with a relapsing course. Three months before the first visit, she
complained of bilateral shoulder pain, and three weeks later, polyarthralgia, particularly in
her hands, without swelling, which improved after 2 weeks and was treated with ibuprofen.
The joint pain disappeared but recurred after one month, affecting both hands, especially in
the proximal interphalangeal (PIP) and metacarpophalangeal (MCP) joints. The symptoms
predominated in the early morning, with mild morning stiffness (<60 min). Her family
physician prescribed ibuprofen with partial improvement. Initial blood tests showed
normal ESR and CRP values, negative rheumatoid factor (RF), and antinuclear antibodies
(ANA) but high levels of anti-CCP antibodies (CCP2 test: 112 IU, normal value <3). The
clinical exam at the first visit showed a positive squeeze test but no joint swelling. An
ultrasonographic study of her hands and feet only disclosed mild peritendinitis without
joint synovitis in the fifth PIP joint of the right hand. A diagnosis of arthralgia suspicious
for progression to RA (clinically suspect arthralgia [CSA]), as established based on this
clinical picture and the presence of anti-CCP antibodies. The probability of progression to
clinical RA seems high in this individual. However, some doubts arise regarding the most
appropriate management of the symptoms or the disease at this pre-arthritis stage. Some
of the relevant questions are as follows:

Is This Individual Suffering from Inflammatory Arthralgia with a High Risk of Developing
RA in the near Future? If So, Is This Risk Imminent? Can We Quantify This Risk?

Given the current knowledge, it is widely agreed among rheumatologists that this
individual has inflammatory arthralgia, and the presence of an ACPA-positive test suggests
a high risk of progression to RA, likely in the near future. This case represents a possi-
ble pre-clinical RA, although the diagnosis remains retrospective until persistent clinical
arthritis develops. Such individuals have been described in the literature as suffering from
inflammatory arthralgia, CSA, or even imminent RA [1,2]. In 2017, EULAR published
recommendations for defining individuals with arthralgia suspicious for RA progression,
emphasizing the type and characteristics of arthralgia (recent onset, symptoms predominat-
ing in the early morning, and affecting small joints of the hands) [3]. This definition requires
the absence of clinical joint swelling, differentiating it from undifferentiated arthritis, where
patients have clinical arthritis but do not meet criteria for RA or other inflammatory arthri-
tis [4]. In this strict definition, the patient suffering from palindromic rheumatism, a form
of intermittent arthritis/periarthritis without joint pain and swelling in the intercritical
period, could not be classified as inflammatory arthralgia or CSA, although the risk of RA
progression in these patients is quite high [5].

J. Clin. Med. 2024, 13, 6387. https://doi.org/10.3390/jcm13216387 https://www.mdpi.com/journal/jcm1
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The question arises as to whether the risk for RA progression is imminent in these
individuals. It is evident that in addition to the clinical phenotype (inflammatory arthralgia),
the presence of an ACPA-positive test increases the probability of RA progression and likely
decreases the latency period to persistent arthritis. Several studies have addressed this issue
to quantify the risk, concluding that between 20% to 50% of individuals progress to RA
after 2–3 years of follow-up [1,6–8]. The percentages may be higher if the individuals have
other risk factors such as first-degree relatives with RA, overweight, tobacco smoking [9],
high titers of ACPA, or the combination of other characteristic autoantibodies of RA, such
as RF or anti-CarP [10]. However, it is important to note that most individuals do not
progress to RA in the short term. Therefore, from a practical point of view, determining the
exact risk in an individual patient is challenging, complicating the recommendation of a
therapeutic strategy at this stage.

Why Does This Individual Have Joint Pain without Evidence of Inflammation at the Clinical
Exam, Even Using Sensitive Imaging Techniques Such as Ultrasound or MRI?

As previously discussed, the definition of CSA or inflammatory arthralgia is based
on the absence of synovitis at the physical examination. In some cases, the presence of
inflammation may be very mild and difficult to recognize, especially given variability
among rheumatologists in assessing clinical synovitis [11] This feature is more relevant in
these patients, including those with early arthritis where signs of inflammation may be mild
or subtle. However, studies confirm that a high percentage of these individuals present
with synovitis when examined using imaging techniques such as MRI or ultrasound,
which may explain the presence of joint pain or stiffness [12,13]. These techniques have
higher sensitivity than clinical examination, though possible false positives may occur. In
approximately half of the individuals with CSA, no clear evidence of imaging synovitis is
found [12]. In these cases, no satisfactory explanation exists for the presence of persistent
joint pain.

Pain is a complex and subjective symptom that may be influenced by psychological or
social factors, but in patients with CSA, the pain is inflammatory and located in joints com-
monly affected by synovial inflammation. Therefore, it is possible that imaging techniques
are not sufficiently sensitive to capture some degrees of synovitis that may have a clinical
impact. It is possible that pathological studies of synovial tissue have detected relevant
changes, perhaps only at the molecular level, in these individuals [14].

It has been suggested that in patients with ACPA-positive inflammatory arthralgia,
autoantibodies “per se” may account for the induction of joint pain in the absence of
synovial inflammation [15]. In a rat model, ACPA may induce the production of IL-8 by
monocytes, a chemokine that may stimulate sensory neurons and induce joint pain [16].
However, this mechanism may explain pain in ACPA positive patients but does not account
for inflammatory arthralgia in seronegative individuals.

What Is the Most Appropriate Management for This Individual at This Stage? What Is the
Scientific Evidence for the Benefits of Antirheumatic Drugs in These Individuals? What Is the Drug
of Choice?

There is no satisfactory answer to these questions. In clinical practice, it seems rea-
sonable for patients with CSA with known risk factors to address these modifiable factors,
such as avoiding tobacco consumption, reducing body weight, and maintaining good
dental hygiene, although no scientific evidence exists about the exact clinical benefit in
this population. However, should these individuals be treated with antirheumatic drugs
beyond symptomatic treatments like analgesics, NSAIDs, or even low doses of glucocorti-
coids? Does the clinical picture of our patient, at risk for RA progression, warrant an an-
tirheumatic drug intervention with synthetic or targeted disease-modifying antirheumatic
drugs (DMARDs)?

This question lacks a definitive answer. The choice and use of drugs for our patient would
likely differ among rheumatologists. Intensive drug treatment might seem more acceptable in
the presence of synovitis determined via imaging techniques but may be met with reluctance
in the absence of subclinical synovitis. Furthermore, the goal of therapeutic intervention needs
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clarification: should it focus on significant improvement in joint pain, disability, or achieving
remission, or should it aim to delay or even prevent progression to RA?

The quality of life for RA patients has improved dramatically due to early treat-to-
target strategies and the use of targeted therapies that efficiently control synovitis [17].
However, there is no cure for these patients once clinical arthritis develops. At the pre-
rheumatoid stage, intensive therapeutic intervention may hypothetically reduce the risk of
developing persistent clinical arthritis and provide a “cure”, at least for some individuals.
This potential window of opportunity is encouraging.

Recent years have seen several randomized clinical trials aimed at this objective in
patients with inflammatory arthralgia, yielding heterogeneous results (Table 1) [18–23]. One
issue with these studies is the variability in inclusion criteria, and all of them based their cri-
teria for arthralgia on physician opinion or non-validated criteria. None of the studies used
the EULAR criteria for arthralgia suspicious for progression to RA [3], as these studies were
initiated before the publication of the EULAR recommendations. The study designs also
varied based on other inclusion criteria, such as the presence of autoantibodies or synovitis
detected by imaging techniques. All trials had a placebo control group and a maximum
follow-up period of two years. A withdrawal period in the active arm was included to
assess if clinical benefits persisted post-intervention. Three trials involved biologic drugs
(abatacept in two and rituximab in one), while methotrexate, hydroxychloroquine, and
atorvastatin were each tested in one trial. The latter two were canceled before study com-
pletion due to inefficacy [19,20]. The Treat Early trial found methotrexate beneficial for joint
pain and disability but did not reduce RA progression compared to placebo at the study’s
end [21]. The trials with abatacept (ARIAA and APIPPRA) [22,23] observed positive effects
in preventing or delaying RA progression even after the intervention period. However,
a significant proportion of patients in the intervention arm developed RA, and many in
the placebo arm did not progress to RA. A randomized trial in early-onset palindromic
rheumatism (abatacept vs. hydroxychloroquine) is ongoing (EudraCT#: 2017-004543-20).
Recent EULAR recommendations on clinical trials for pre-RA or undifferentiated arthritis
and palindromic rheumatism were published after the design of these clinical trials [24].

Table 1. Summary of randomized clinical trials evaluating interventions in individuals at risk of
rheumatoid arthritis progression.

Trial
Sample
Size

Intervention Dosage
Duration of

Active
Treatment

Inclusion Criteria
Total

Duration of
Follow-Up

Primary
Outcome

Progression to
RA (Active vs.

Placebo *)

PRAIRI [18] 82 Rituximab 1000 mg,
single-dose 29 months

Arthralgia;
ACPA-positive and

RF-positive; Subclinical
synovitis by MRI or

CRP > 0.6 mg/L

29 months
Reduction of

ACPA Level >
50%

34% vs. 40%

STAPRA
[19] 62 Atorvastatin 40 mg/day 36 months

Arthralgia;
ACPA-positive and

RF-positive or
ACPA-positive with

high levels (>3)

Not specified Clinical
Arthritis 29% vs. 19%

STOPRA
[20] 144 Hydroxychloroquine 200–400

mg/day 12 months
High ACPA-positive;

Subclinical synovitis by
MRI

Not specified

2010
ACR/EULAR

Criteria for
RA; Clinical

Arthritis with
XR Erosion

34% vs. 36%

TREAT
EARLIER

[21]
236 Methotrexate 25 mg/week 12 months Arthralgia; Subclinical

synovitis on MRI 24 months
2010

ACR/EULAR
Criteria for RA

19% vs. 18%

ARIAA [22] 100 Abatacept 125 mg/week 6 months

Arthralgia;
ACPA-positive;

Subclinical synovitis by
MRI

18 months
Improvement
in MRI Scores
of Synovitis

35% vs. 57%

APIPPRA
[23] 213 Abatacept 125 mg/week 12 months

Arthralgia;
ACPA-positive and

RF-positive or
ACPA-positive with

high titer (>3)

24 months

2010
ACR/EULAR
Criteria for RA

or Clinical
Arthritis in

>3 Joints

25% vs. 37%

* Note: “Active” refers to the intervention group and “Placebo” refers to the control group.
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Several questions arise from these trials beyond population inclusion criteria, including
the duration of drug therapy, the follow-up period, and the non-interventional periods.
Is a 6-month course of abatacept sufficient, as in the ARIAA trial? Or is a single cycle
of rituximab, as in the PRAIRI trial, adequate? Is intermittent or continuous drug use
necessary to maintain the objective? What is the best drug for these at-risk individuals?

If the goal is to prevent disease progression rather than just improve clinical and
functional outcomes, cell-modifying agents such as abatacept or rituximab may be more
appropriate than methotrexate, the standard drug used for early RA. However, the chal-
lenge of stratifying and quantifying risk, coupled with the fact that many patients do not
progress to RA, complicates the design of interventional trials. Moreover, participants
may be reluctant to engage in trials for drugs that may raise concerns about adherence,
tolerability, and serious adverse events, especially when the aim is to prevent a hypothetical
but not certain adverse outcome [25].

Future Perspectives and Research Agenda
The current knowledge highlights significant doubts regarding the optimal manage-

ment of individuals at risk for RA. However, theoretical intervention at this pre-RA stage
might influence the progression to persistent and destructive polyarthritis such as RA. The
critical question is whether therapeutic intervention during this “window of opportunity”
should be uniform across the entire at-risk population or if it should target a specific sub-
group that might benefit more clearly from this strategy. Stratification of at-risk individuals
is essential to identify those with very high risk of progression and to avoid overtreatment.
Efforts to develop and validate risk stratification scores for clinical practice are ongoing but
require further validation [26,27].

A deeper understanding of the immunological mechanisms driving the progression
from pre-RA to clinical RA is crucial. Such insights could lead to more rational drug and
therapeutic strategies. For example, studies focusing on the types and characteristics of
the immune response in seropositive patients (e.g., ACPA titers, isotype use, antigenic
expansion, glycosylation, presence of other autoantibodies like RF or anti-CarP) or sensitive
innovative imaging findings might better identify individuals with a favorable risk–benefit
ratio for therapeutic intervention. Personalized or individualized medicine is vital for this
population. Additionally, research into the effects of modifying risk factors such as obesity,
smoking, exercise, dietary habits, and even the mucosal microbiome is of particular interest.

In conclusion, there is some scientific evidence suggesting that progression toward
clinical arthritis may be delayed or prevented in individuals at risk for RA. However, there
remains considerable uncertainty about the best strategy by which to achieve this goal.
In the coming decade, new interventional clinical trials involving various antirheumatic
drugs in well-defined at-risk populations will provide more insights into this intriguing
question, potentially bringing us closer to a hypothetical cure for this disease or at least
optimizing the management of our patients.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Rheumatoid arthritis (RA) occurs more frequently in women than in men, and the studies
that have addressed clinical and prognostic differences between the sexes are scarce and have
contradictory results and methodological problems. The present work aims to evaluate sex- and
gender-related differences in the clinical expression and prognosis of RA as well as on the impact
on psychosocial variables, coping behavior, and healthcare use and access. By identifying between
sex differences and gender-related outcomes in RA, it may be possible to design tailored therapeutic
strategies that consider the differences and unmet needs. Being that sex, together with age, is the
most relevant biomarker and health determinant, a so-called personalized medicine approach to RA
must include clear guidance on what to do in case of differences.

Keywords: rheumatoid arthritis; sex; gender; personalized medicine

1. Introduction

Using ‘sex’ and ‘gender’ interchangeably is not ideal, although they pose close connec-
tions in biology and disease. Although it may be important to distinguish conceptually
between sex and gender, the reality is that both concepts are intimately related, resulting
in an interaction in which it is practically impossible to establish a clear line of separation
between them. However, despite the difficulties in conceptualizing and operationalizing
these concepts, the importance of including sex and gender in biomedical research has been
stressed in recent years [1,2]. Sex is a biological reality, including genetics and hormones,
that modifies disease pathophysiology, expression, and clinical effect and distribution of
pharmaceuticals. Studying sex encompasses a focus on the impact of potential genetic,
hormonal, anatomical, and physiological differences on health and disease. Gender can be
defined as the behavioral, cultural, or psychological traits typically associated with one’s
sex resulting in a gendered division of labor, and socialization patterns that may impact
an individual’s well-being. Studying gender entails analyzing the role of gender identity,
norms, relations, and institutional aspects as possible sources of health inequalities.

There is no universal standard for measuring gender, and some review studies have
shown persistent inadequacies in the conceptual understanding and methodological opera-
tionalization of gender in the biomedical field [2]. Because gender is very context-specific
and is exceedingly hard to quantify, gender has been used in place of sex, and typically
operationalized as men/women, although solely biological phenomena are being stud-
ied [2,3]. Moreover, gender and sex are so entwined that it might be challenging to set
them apart [4,5].

The sociocultural construction of gender influences the behavior of populations, clini-
cians, and patients through different mechanisms, such as discriminatory values, norms,
and beliefs, differential exposure and disease susceptibility, and even possible bias in health
systems and health research [5,6].
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The lack of information on the effect of biological (sex) and sociocultural (gender) dif-
ferences in health may be due to different factors. Prior to the 1980s, most medical research
ignored women and females as subjects of inquiry except when investigating ‘women’s
health issues’—that is, issues directly related to reproduction or disorders seen only or
predominantly in women. In most instances, female bodies were assumed to operate in the
same ways as male bodies, and findings from research conducted exclusively on men were
often uncritically generalized to women [1]. On the other hand, the history of excluding
females from clinical studies is reflected in the 1977 US Food and Drug Administration
(FDA) guidelines advising that women of childbearing potential should be excluded from
drug trials. These recommendations resulted in inadequate female representation in clin-
ical trials for decades to protect pregnant women and their offspring [7]. Fortunately, a
gender-based approach to medicine has emerged to recognize and analyze sex differences
in anatomical, physiological, biological, and therapeutic aspects of disease, as well as to
assess potential effects of gender roles on other aspects of disease [8].

1.1. Gender and Chronic Diseases

Sex and gender are strong risk factors for practically every disease through genetic, epi-
genetic, and hormonal effects influencing physiology, illness, and drug metabolism, and social
constructs of gender affecting behaviors, health engagement, and, subsequently, health [6].

As to chronic or noncommunicable diseases (NCD), the Global Burden of Disease (GBD)
study has revealed several gender disparities, both in terms of mortality and morbidity burden,
in cardiovascular disease (CVD), cancer, diabetes, renal disease, asthma, autoimmune diseases,
migraine, spondyloarthritis, multiple sclerosis, Alzheimer’s disease, epilepsy, stroke, autism,
depression, anxiety, and others [9,10]. Achieving equitable improvements in NCD morbidity
and death requires recognizing and resolving these disparities.

1.2. Gender and Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic inflammatory autoimmune disease character-
ized by symmetrical polyarthritis that leads to progressive joint destruction and disability,
plus damage to other organs and tissues. As in the majority of autoimmune conditions, RA
occurs more frequently in women than in men (around three to one) [11], and there might
be some sex differences in symptom severity and disease course, as well as in the effect of
treatment and survival [12].

Female and male immune systems are different as they are affected by the distribution
of hormones, the presence of two X chromosomes versus only one, and a singular response
to environmental factors [11]. Several genes on the X chromosome regulate innate and
adaptative immune responses. In addition, sex hormones are immunoregulatory, partici-
pate in the secretion of cytokines and chemokines, interact with inflammatory mediators,
and play an essential role in pathobiological differences [13,14]. The role of environmental
factors, including those in the psychosociological sphere, is less clear, probably reflecting the
complex interaction among genes, hormones, and environment in autoimmunity [11,13].

Women with RA show a higher disease activity than their counterparts and respond
worse to synthetic and biological disease-modifying therapies [14]. Also, pregnancy or
childbearing desire influences the strategy for RA management. Consequently, to enhance
treat-to-target performance, there is an ongoing demand for a precise reference to sex
and gender issues in RA research. A more thorough understanding of the potential
variables affecting sexual dimorphism in RA susceptibility, presentation pattern, disease
activity, and outcome may result in more individualized treatment plans that minimize the
illness’s burden [8].

The objective of this review is to analyze the impact of sex and gender on different
aspects of RA to propose a sex- and gender-tailored approach to the management of RA.
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2. Susceptibility to RA

Autoimmune diseases like RA show gender differences in incidence and immune re-
sponse [15]. Different mechanisms for sex differences in autoimmunity have been proposed.

2.1. Genetic

Numerous immune-related genes are encoded on the X chromosome, and their over-
expression may have sex-dependent effects on the immunological response. Men have one
maternal X and one paternal Y chromosome, whereas women have two X chromosomes.
In the early stages of development, one X chromosome is randomly silenced in females to
prevent the double dose of X chromosome-derived proteins. Nevertheless, some X-linked
genes are overexpressed in females due to incomplete X chromosomal inactivation, which
allows 15% of the genes to elude inactivation [11].

The immune response is regulated by genetic factors, which could also account for
the variations in RA susceptibility across sexes. The MHC, in particular class II alleles
with a “shared epitope” (SE), and other non-MHC loci that seem to be sex influenced
determine the genetic risk for RA [16]. For example, there is a direct correlation between the
number of DR4 alleles of HLA and the frequency of RA in females [17]. Single nucleotide
polymorphisms (SNPs) in cell-mediated immune-response genes may affect women and
men differently. At least partially, they may account for sex differences in susceptibility to
RA [18]. Immunoglobulin Fc receptors connect cellular and humoral immune responses.
Male–female variations in RA may also be influenced by the sex connection of some SNPs
of the Fc receptor-like genes (FCRL) [19]. MicroRNAs, short noncoding RNA molecules,
regulate various processes, including the immune response. Dysregulation of microRNAs
has been associated with autoimmune diseases, such as RA. MicroRNAs influence the
expression of multiple protein-encoding genes at the posttranscriptional level. Women
may be more susceptible to RA due to variations in the expression of X-chromosome-
linked microRNAs or the genotype of certain microRNAs [11,20,21]. IL-4 promotes RA
development via cytokine–receptor interaction, Th1 and Th2 cell differentiation, Th17 cell
differentiation, T-cell receptor signaling pathway, cancer pathways, and hematopoietic cell
lineage; curiously, IL-4 gene expression is lower in women with RA than in men [22].

2.2. Hormonal

The higher frequency of RA among women, especially before menopause, and the
effect of pregnancy and oral contraception suppressing RA point out hormonal and repro-
ductive factors [23,24]. Sex hormones may impact the development, risk, and course of
autoimmune illnesses and several aspects of immune-system function. While testosterone
and progesterone naturally depress the immune system, estrogens, especially 17-β estradiol
(E2) and prolactin, operate as enhancers of humoral immunity at least, upregulating the
production of immunoglobulins and downregulating inflammatory responses [11]. The
inverse correlation between RA severity and androgen levels could be a reason why RA is
less severe in men [25].

2.3. Gut Microbiota

Both the immune system and the gut microbiota have an impact on innate and adaptive
immunological responses. This interaction may have significant effects on the emergence of
inflammatory diseases. Several research studies using animal models have demonstrated
the role of gut bacteria in sex bias in autoimmune disorders [11].

2.4. Lifestyle

Different studies have demonstrated that smoking is the strongest environmental
factor in RA development. Smoking may induce citrullination of peptide antigens, and
shared epitope alleles interact with smoking in the triggering of anticitrulline immunity
that may lead to ACPA-positive RA. The risk of RA associated with smoking is generally
higher among men than among women [26,27].
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Population-based studies have shown a biological effect modification of gender on the
smoking–RA association, such that smoking is a strong risk factor for RA in men and not
so strong in women. The immunologic cascade triggered by smoking and leading to RA
is modulated differently in men and in women. This effect is probably due to hormonal
differences in the modulation of the immune cascade activated by smoking, leading to
rheumatoid factor (RF) production and clinical RA [28]. Genetic and immunological factors
may also play a role in the association between tobacco and AR, especially in genetically
predisposed individuals. Persistent inflammation due to oxidative stress, proinflammatory
state, autoantibody production, and epigenetic effects might be implicated in the autoim-
munity of RA. Some studies also provide evidence that clinical responses to anti-TNF drugs
used to treat RA may be adversely affected by smoking, and smoking may be related to
extra-articular manifestations in RA [29].

In the context of environmental and lifestyle factors, obesity as a potential risk factor
for the development of RA has been an area of interest for many years. Epidemiologic stud-
ies have shown a complex interaction between RA and obesity. Obesity would contribute
to the development of seronegative RA, especially in younger women, although others
suggested a decreased risk of RA among men, and observed associations may also be
affected by residual confounding [26]. Different biologic mechanisms have been proposed
to explain this association. Because adipose tissue is proinflammatory, obesity may also be
an environmental risk factor for RA, with sex-specific effects. One large population-based
case-control study demonstrated an association between obesity and RA, primarily for
men with early disease onset [30]. Adipose tissue is an active secretory organ producing
numerous bioactive molecules that regulate carbohydrate and lipid metabolism, immune
function, and inflammation. Obesity produces chronic inflammation, and adipose tissue
secretes different proinflammatory and anti-inflammatory factors, including the adipokines
leptin, adiponectin, resistin, and visfatin as well as cytokines and chemokines, like TNF-a,
IL-6, and others. An additional mechanism is based on the relationship between obesity
and sex hormones. Obese men and women have higher serum levels of estrogens and
androgens. Estrogen not only stimulates antibody (and autoantibody) production but
also has a role in the breakdown of B-cell tolerance [31]. Indeed, obesity may also be
associated with more severe or more refractory inflammation through increased levels of
the inflammatory adipocytokines or decreased levels of the anti-inflammatory adipocy-
tokine adiponectin [26].

Lastly, dysregulations of neuroendocrine-immune networks may underlie the gender-
specific link that has also been observed between the onset of RA and childhood trauma,
especially in women. Large prospective studies are necessary to elucidate the association
between early-life stress and the risk for RA in genetically vulnerable individuals [32].

Despite a lack of consensus on how sexual dimorphism may affect the pattern and
burden of disease, gender may indirectly increase RA susceptibility by influencing en-
vironmental and behavioral factors, which are known to be implicated in seropositive
RA pathogenesis, in addition to the direct pathogenic effect of sex hormones on the im-
mune system [8].

3. Disease Expression in Men and Women

The effect of the HLA-DRB1 shared epitope on RA susceptibility differs between men
and women, thus raising the possibility of modifying disease expression by sex. Globally,
the RA phenotype seems to be more severe in women than men, and women develop anti-
CCP antibodies more frequently than men [33]. Women are also known to generally report
more symptoms and poorer scores on most questionnaires, potentially affecting disease
activity measures, treatment, or response to treatment between men and women [8,34,35].

The QUEST-RA study, a large multinational cohort, also showed gender differences
in disease characteristics, including nodules (more common in men) and erosive disease
(more prevalent in women) [34]. A study in Ecuador (n = 100) observed significant clinical
differences, with men showing less disease activity—by physician’s assessment, painful and
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swollen joint counts, ESR, DAS28—than women, and lower functional and severe disability
by HAQ-DI [25]. In a cross-sectional population-based study of 1128 RA patients from Latin
America and Caribe (LAC), RA women showed a younger age at onset, longer disease
duration, and higher prevalence of poly-autoimmunity and abdominal obesity. They
were more likely to perform more household activities than men, whereas extra-articular
manifestations were more frequent in men without differences in time to treatment. Some
of these characteristics could explain the high rates of disability and worse prognosis
observed in women with RA in these regions.

There are, however, some inconsistencies across studies. A retrospective study compar-
ing the pattern of disease involvement in 438 Greek patients with early RA confirmed that
women are affected more frequently and at a younger age than men. However, apart from
a higher ESR, there were no significant differences in other clinical and laboratory parame-
ters [36]. These results are similar to those obtained in the Spanish GENIRA study with
70 men and 70 women, in which no significant differences in disease activity—measured
either by joint counts, physician or patient global scores, inflammatory markers, such as
ESR or CRP, or by composite indices, such as DAS28- were observed [37].

Although differences can be attributed to biological factors, they could also be due to
social factors related to gender rather than sex. The complexity of gender differences in
health extends beyond notions of either physical or social disadvantages [38].

4. Prognosis and Mortality

Different outcome studies have shown gender differences in the disease course and
prognosis of RA. Women seem to have a more aggressive early disease than men [39], and
longitudinal studies have observed a more significant improvement in disease activity,
function, and pain with time and treatment in men than in women [40]. The analysis of
the long-term course of RA in the BARFOT (better antirheumatic pharmacotherapy) RA-
inception cohort showed that being a woman was an independent predictor of persistent
disease, defined as the absence of remission (DAS-28 < 2.6). However, this difference was
unclear because most disease-related variables did not differ between women and men
at the follow-up visits, indicating no gender bias in the measures of disease activity [41].
Female sex has also been described as the most powerful predictor of disability and data
from early RA cohorts, with adverse HAQ trajectories more frequently seen in females [42].
Evidence points to similar disease activity in the early stages of the disease, followed by
a worse clinical course among women over time, with lower remission rates, and these
differences appear more pronounced in early RA [43].

In addition to disease progression, sex also appears to have a differential effect on
RA mortality, although the literature data are not always consistent. Some studies show
higher mortality rates in younger males but also a rapid increase in female mortality with
age; this might be explained by specific hormonal protection of younger women, whose
benefits are lost with menopause [39]. Prospective inception cohorts have shown that male
sex is an independent predictor of long-term mortality [44,45]. Similarly, an Australian
study covering trends from 1980 to 2015 found an increase in mortality among male
patients compared with females, despite adequate treatment options, probably concerning
differences in the CV risk profile [46]. However, other authors could not detect differences
in RA mortality by gender. In a comprehensive review of 25 articles, Anderson et al. did
not observe a clear association between sex and mortality in RA [47].

5. Comorbidity

Comorbidities pose a significant challenge in rheumatic diseases because of their
impact on management and outcome. Independently of medication (glucocorticoids) and
traditional risk factors (smoking), chronically active inflammation also predisposes to
the development of comorbidity. The population-based international COMORA study
showed that the diseases most frequently associated with RA are CVD, depression, asthma,
solid neoplasms, and chronic obstructive pulmonary disease [48]. Gender differences in

11



J. Clin. Med. 2024, 13, 55

comorbidity can be summarized as a higher frequency of diabetes mellitus, peptic ulcer,
and CV and respiratory diseases in men, with no significant impact on RA-related disability
and QoL, and depression and osteoporosis being more frequent in women [37].

5.1. Depression

Depression is threefold more common in RA than in the general population and has
a clear correlation with pain, fatigue, physical disability, and, consequently, poor quality
of life (QoL). Women with RA are more frequently diagnosed with depression than men
with RA. In turn, depression is independently associated with worse outcomes, other
comorbidities, and mortality [37].

5.2. Cardiovascular Disease

Cardiovascular diseases are one of the most frequent comorbidities in RA and the
leading cause of death [45,46]. Inflammation is, in addition to traditional risk factors,
responsible for the development of accelerated atherosclerosis and heart disease. Cross-
sectional studies comparing the CV risk profile by gender in low-activity RA without a
history of CV disease have shown a higher atherosclerotic burden in male RA patients
versus females, reflected by more increased carotid artery intima thickness, risk of 10-year
CV death, atherogenic index, and NT-proBNP levels. However, men also smoke more
and have lower HDL cholesterol levels, so the effect of classical CV risk factors cannot
be ruled out [49]. Another possibility could be the documented underestimation of CV
risk in women with RA using algorithms designed for the general population, such as
the SCORE [50]. The measurement of structural vascular disease may be a more reliable
option. Flow-mediated diameter percent change of the brachial artery is considered the
gold standard of endothelial function and the best estimate of CV events risk. A prospective
study showed a safer cardiovascular profile in RA females with better endothelial function
than men. This may be surprising considering that women tend to have a more aggressive
course, but this could be due to the beneficial effect of estrogens on endothelial function [51].

5.3. Osteoporosis

Osteoporosis is frequent in RA with the ongoing inflammatory process, low body
mass index, lack of exercise, chronic use of glucocorticoids, and menopausal status [37].
Premenopausal women with RA also have more frequent osteoporosis than age-matched
controls, and the same stands for men with RA. Oelzner et al. evaluated the frequency
of osteoporosis by densitometry in a group of 551 RA patients. The results confirmed
significant differences in the frequency of osteoporosis between postmenopausal women
(55.7%), men (50.5%), and premenopausal women (18%). On the other hand, the relevance
of the risk factors for osteoporosis was different in postmenopausal women (older age, high
cumulative glucocorticoid dose, low BMI, and long disease duration). In contrast, the risk
factors in premenopausal women and men are low BMI and high cumulative glucocorticoid
dose, confirming the dependence of risk factors on gender and menopausal state [52].

5.4. Periodontitis

Periodontal disease is more prevalent in patients with active RA than in healthy
individuals, and its severity is also associated with the severity of RA. The study of
periodontal disease, using self-completed questionnaires, in 5600 Japanese RA patients in
the IORRA cohort showed that 18.3% of patients reported a recent diagnosis of periodontitis,
and 20.4% had a history of periodontitis. As in other comorbidities, the risk of periodontal
disease also shows differences by sex, with women showing a higher risk, especially if
aged and smokers [53].

6. Objective and Subjective Measures

Many indices are available to monitor RA, such as the DAS28 (with ESR or CRP), the
Clinical Disease Activity Index (CDAI), or the Simplified Disease Activity Index (SDAI).
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They are all potentially influenced by sex and age, plus other factors such as body mass
index (BMI) [54]. In general, women score more poorly than men, probably owing to higher
“normal” levels of ESR and higher counts of tender joints (TJC) [34]. Women have higher
mean ESR levels than men due to persistent ferropenic anemia hormonal factors. In older
patients, the hormonal influences specific to women disappear, and older women are then
affected by the same factors as older men [45]. On the other hand, sex differences in DAS28
may lead to a bias in assessing disease activity and response to treatment [55].

Nishino et al. assessed the effect of sex on composite measures in a large study [54].
They showed that sex differences in the composite measurements (DAS28-ESR, DAS28-CRP,
CDAI, and SDAI) are only observed in remission based on DAS28-ESR, and this effect is
mainly due to sex-related variability on ESR [56]. The score of the composite measures
might be comparable between sexes, but not so the components; DAS28-CRP and SDAI
may yield similar average scores despite a higher TJC28 and a lower CRP in women than
in men. They suggest that almost 12% of men with RA could mistakenly be classified as in
remission based on DAS28-ESR [54].

In addition to the sex effect on DAS28-ESR due to male–female differences in ESR,
significantly higher SDAI and CDAI values have also been observed in women, probably
because of a higher TJC and patient global assessment (PtGA) [57]. Both TJC and PtGA
are affected by pain. Even though the mechanisms behind gender differences in pain
perception are not fully clear, females are more sensitive to pain and report more daily
pain than males [12,58,59]. A biopsychosocial perspective can explain these variations.
Biologically, women may be more or less sensitive to pain than men. Women’s hormonal
status may condition the processing of nociceptive stimuli by the central nervous system.
Depression and other psychological variables, such as pain sensitivity, can also affect how
someone perceives pain. Lastly, variations in socialization and sociocultural norms con-
cerning the attention to and expression of pain may be the cause of gender disparities in
pain perception [12,60]. Thus, gender differences may be due to the specific components
of the indices, e.g., pain, and not to different degrees of inflammation [54,57,60,61]. In-
terestingly, differences in activity may not be accompanied by changes in the presence of
radiographic erosions [57].

Both versions of DAS are used interchangeably to assess disease activity, treatment
response, and treat-to-target approaches. However, the effect of sex on ESR may lead to
discordance between the DAS28-CRP and DAS28-ESR. Discrepancies are more pronounced
in older patients, women, and those at lower disease activity levels. The consequences of
these effects can be significant, such as the availability of biological treatment or precluding
the comparison of studies that have adopted different versions of DAS28. To avoid these
limitations, a gender-stratified adjustment of the DAS28-CRP has been proposed to improve
interscore agreement with DAS28-ESR. This adjustment allows us to consider observed
biological differences in ESR levels between males and females [56].

The QUEST-RA study also showed sex differences in the relationship between DAS28
and body mass index (BMI). DAS28 scores increased with BMI only in women, and high
BMI was associated with increased disease activity in RA [34,62]. Gender differences
in the relationship between BMI and activity have also been observed using RAPID3
(routine assessment of patient index data) as the measure of activity. In a cross-sectional
study of 451 RA patients, only female sex was found to have disease activity significantly
associated with increasing BMI. The mean RAPID3 score values for each BMI category
were statistically higher for females versus men [63]. The variation in the average amount
of fat that a man and a female can have with the same BMI may cause sex variances in the
association between BMI and disease activity. Males typically contribute more muscle mass
to their BMI than females, who, in general, have a higher proportion of fat and a lower
proportion of muscle mass. This could account for a rise in the proinflammatory state that
causes disease activity to be higher in females than males [63].

Common depressive symptoms are more frequent in women, as already mentioned,
and may affect all disease-activity metric scores (pain, global assessment and function,

13



J. Clin. Med. 2024, 13, 55

physician global assessment, and tender points), except the DAS, joint swelling, and serum
biomarkers [37]. Finally, the higher HAQ score observed in women, even adjusting for
disease severity, could be related to the underscoring of disability or greater muscle strength
in men or a higher impact of pain on HAQ scores in women [61], men overestimating their
functional capacity, or women having higher pain scores [59].

Table 1 shows the main objective and subjective differences in the indices and
their components.

Table 1. Differences in indices and their components by sex and gender.

Objective Measures:
Differences by Sex

Subjective Measures:
Differences by Gender

DAS-28 PtGA

CDAI Pain

SDAI Depression

RAPID-3 HAQ

ESR Quality of life

TJC

BMI

7. Effect of Drugs

Empirical evidence points to female–male differences in biological treatment outcomes,
which are probably multifactorial. Sex may influence effectiveness and safety through the
effect of hormones on immune function, differences in drug pharmacokinetics and pharma-
codynamics, and outcome measures [7,12]. In addition to sex, gender-related factors may
also play a role in the effect of drugs. Understanding biological responses to drugs, especially
adverse effects, in women relative to men has been negatively impacted by the underrepresen-
tation of women in clinical trials. Also, social norms have caused disparities in health-seeking
behavior and reporting, e.g., women report and experience more unfavorable effects than
men due to higher perceived burdens, such as hair loss [7,64,65].

Prospective early RA cohorts are the best design to determine whether differences
between sexes are present in the early stages of the disease or if they appear later. In a
prospective DMARD-naïve early RA cohort (n = 292), Jawaheer et al. showed comparable
disease activity early in the disease, followed by a worse course among women over time.
The rate of change in activity scores was significantly influenced by gender, even after
adjusting by other covariables like ESR, pain, function, or global health. At the same time,
an increase in inflammation markers (ESR and CRP) was observed among women after
six months, when disease activity scores started to diverge between men and women. It is
possible that women are not as responsive to anti-inflammatory medication as men, which
might explain the short-lived amelioration in levels of inflammatory markers. This increase
in inflammation markers could be related to increased TJC and patient global scores and
physician global assessment, observed after six months, and eventually higher disease
activity among women [43].

The same authors investigated sex differences in response to anti-TNF in early (≤2 years
since diagnosis) versus established RA in patients from the DANBIO registry. The outcome
measure was EULAR response at 48 months. Among patients who initiated therapy within
two years of diagnosis, men achieved better and faster EULAR responses than women (an
interaction effect between sex and time was present). This gender difference in treatment
response was not seen in patients who initiated anti-TNF therapy more than two years after
diagnosis, suggesting that disease duration at baseline may determine the sex differences
in response to treatment [66].

The effect of gender on the response to rituximab (RTX) shows inconsistent evidence.
The British Society for Rheumatology Biologics Register showed a lower response rate in
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women than in men after six months of RTX treatment [67]. On the contrary, the French
Autoimmunity and Rituximab registry showed that, after 12 months, remission rates
(DAS28-ESR < 2.6) were higher in men if they had failed previously with anti-TNF but
higher in women if they were anti-TNF naïve, suggesting that sex is probably not the
determinant of response, but previous anti-TNF exposure [68].

As to the effect of gender on the response to abatacept, this was studied in the French
Orencia and Rheumatoid arthritis registry but failed to detect any difference in response
or remission rates, or even time to achieve them, between men and women after ad-
justment by age, disease duration, seropositivity, current DMARDs, previous anti-TNF,
corticoid use, and disease activity, although the DAS28-ESR, TJC, and PtGA remained
higher in women [69].

In a registry of 1912 RA patients who started biologic therapy, Lesuis et al. studied
disease characteristics at the time of biologic initiation. The results confirmed gender
differences in ESR, PtGA, TJC, HAQ, DAS28-ESR, and DAS28-CRP. However, no significant
differences were observed in the prescribed biological treatment or the need for concurrent
therapy with steroids, nonsteroidal anti-inflammatory drugs, or conventional DMARDs,
with data equal to those observed in the GENIRA study [37]. According to their results,
gender imbalance occurs only in subjective measures, such as pain, functional status, and
QoL. These results may imply that subjective measurements are somewhat disregarded
during the therapeutic decision-making process, which may point to female patients
receiving insufficient care [59].

A meta-analysis by Fang et al. evaluated the impact of sex on the clinical response to six
biological products (n = 5874) and found no significant differences in the ACR20 response
rate between men and women. Interestingly, the analysis of subcomponents showed high
heterogeneity between studies. Unfortunately, this meta-analysis did not evaluate gender
differences in the treatment responses by subgroups of early and established RA [70]. We
could not identify any study regarding differences in response or biological effect to jakinibs
by sex.

8. Life Impact

There is a relationship between physical health and psychological well-being, although
this link is far from perfect. Some individuals can maintain a high QoL, whereas others
become depressed, and over time, many individuals tend to adapt to their condition such
that psychological well-being improves even though physical debilitation may remain.
Gender can be a potentially significant moderator in this process. Understanding the
mechanisms by which gender operates can allow differential interventions to help men
and women with RA achieve optimal QoL.

The gendered process appears to influence the psychological well-being of RA pa-
tients. Women have more depressive symptoms, higher levels of negative affect, somatic
complaints, more passive coping strategies, and less socialization than men. Differential
socialization patterns, leading to passive coping behaviors, may explain the observed
gender differences in depressive symptoms. Women may be more likely to respond to
stressful events by focusing internally on symptoms and their consequences [3].

The patient’s perception of their disease directly impacts their behavior, treatment
compliance, and outcome. The social process also affects gender differences in adherence
to treatment and illness perception. In a cross-sectional study of 320 RA patients, nonad-
herence was significantly associated with stress, disease activity, functional measures, and
deformity, and female gender was an independent predictor of nonadherent behavior and
more negative illness perception [71].

Women with RA show more depression, higher levels of disability (HAQ), and poorer
QoL (SF36) than men. This may not be explained by overt disease-related biological differ-
ences but rather by differences in the patient’s comorbidity profile. As already mentioned,
depressed RA patients have poorer long-term outcomes, more comorbidities, and increased
mortality rates. Emotional responses to a physical illness characterized by pain and weak-
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ness are understandable, and somatic symptoms of depression might be expected as part of
RA [37,72]. Differences in emotional distress between men and women with RA are mainly
explained by functional ability and pain, as well as the characteristics of their paid work,
with no independent effect for sex. Consequently, among employed RA patients with high
levels of functional disability, gender is not a risk factor for emotional distress [73].

9. Coping

In general, RA is perceived by the patient as a source of chronic stress due to the
associated limitations and symptoms. Stress coping strategies refer to the cognitive and
behavioral efforts a person develops with specific demands of oneself or the environment.
The inability to cope with stress results in a breakdown in health because of the depletion
of the body’s hormonal and immune resources. The right way to cope with stress is of
particular importance in chronically ill patients, and incompetent coping can contribute to
the lack of effectiveness of the therapy [74,75].

The International Classification Functioning (ICF) emphasizes that contextual factors,
which include both personal (gender) and environmental factors (healthcare system and
attitudes of others), influence daily functioning. The perspectives of patients with RA, in
terms of the impact of their chronic disease on everyday activities, are probably different.
In general, societal expectations of women’s occupations and daily activities differ from
those of men. Everyday activities mediate personal meaning and reflect one’s performance
capacities, but continuing to perform these activities might be challenged due to the impact
of RA. However, it may also depend on contextual factors, such as gender, individual
and societal attitudes, health and social care systems, and policies. Masculinity is asso-
ciated with competitiveness, self-control, strength, body performance, and productivity,
whereas the caring role is more assigned to women. Men with a disability are more likely
than women to fail to meet these social and cultural expectations and put first their paid
work commitments over their health concerns. On the other hand, emotion regulation
is a psychological determinant of health and is associated with psychological well-being,
social and physical functioning, and disease severity. Compared to men, women with RA
have a higher emotional orientation and reported stronger relationships between emotion
regulation and the affective dimension of perceived health [76,77].

Gender differences were not found in the qualitative study of the situation-specific
methods used to manage participation restrictions resulting from RA. However, women
tend to offer more varied descriptions of their problems, especially in the domains of the
ICF of domestic life and self-care. In contrast, men seldom report participation restrictions
concerning domestic work, and these results could be explained, at least partly, by the
existence of traditional gender roles. However, equity is developing when comparing most
reported activities in which situation-specific coping was used by both women and men,
namely, in remunerative employment and recreation and leisure [78].

In RA patients, depressive symptoms increase over time and with increased levels of
pain, functional disability, and household work disability. Social status can contribute to
depressive symptoms in different ways, including a sense of control, the ability to maintain
the expectations of core social roles, and the ability to garner coping resources in the face
of stressors. These findings illustrate the ongoing significance of social inequality for
individuals with RA and offer additional confirmation of the necessity of comprehending
and addressing variations in people’s capacities for coping with RA-related stressors [79].

10. Intersections of Gender

Studies on gender differences in pathological processes are complex due to the diffi-
culty of measuring gender. The difficulty is even more significant in cases of sex–gender
intersection. Hormone-replacement therapy, medication, and surgery can alter a trans-
gender person’s hormonal status, which can, in turn, impact negatively on their health,
e.g., increasing their risk of CV events [7].
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Transgender and gender-diverse individuals (TGGD) have a gender identity that
differs from their assigned sex at birth. They may affirm this identity through lifestyle
modifications, gender-affirming hormone therapy (GAHT), or gender-affirmation surgery
(GAS). There is not enough information on the epidemiology, pathophysiology, and clinical
course of rheumatic diseases in transgender individuals. In 2022, Mathias et al. published
an article with retrospective data on TGGD and a literature review of this population. In a
retrospective analysis of 1053 patients seen in a rheumatology department over two years,
seven TGGD patients (one RA) with rheumatic diseases were identified. The literature
review found 11 studies with a total of 13 transgender patients (one RA).

The effect of GAHT on rheumatic disease possibly differs between estrogens and
androgens, as most patients on exogenous testosterone experienced either no disease
changes or improvement in disease activity. In contrast, most patients on exogenous
estrogen experienced a possible acceleration of disease activity. The effect may also differ
among different autoimmune diseases. The existence of a direct causation between the
initiation of GAHT and the development or worsening of arthritis should be taken with
caution due to the study’s limitations, mainly related to multiple confounders and probable
publication bias. Higher-powered prospective studies are needed, and a registry would
be valuable [80].

11. Gender and Health Services

Despite the importance of health care in patients with RA, little attention has been
paid to whether there is differential access to or use of health care between men and
women. Looking at differential access to health care by gender is not straightforward.
Different factors are related, such as intrinsic patterns of healthcare use in men and women,
socioeconomic barriers [77], and attitudes and behaviors [12].

The pattern of health care in RA patients is multifactorial and mainly explained
by need-related factors, which supports the principle of equity. However, some gender
differences have been observed. Women’s sex is an independent determinant of overall
care. It increases the probability of receiving allied health and home care after adjusting
for other characteristics, such as disease activity, duration, comorbidity, and functional
status [81]. Concerning patient empowerment, younger and more educated women show
a greater need for information and involvement in treatment decisions [82,83].

A delay in referral to subspecialty care puts patients at risk for delayed treatment
and, thus, potentially worse outcomes. A retrospective analysis of a population-based
cohort of incident RA has not shown differences between males and females in median
time from first joint swelling to fulfillment of ACR/EULAR classification criteria, without
gender impact on the time to the first DMARD therapy. However, among seronegative
patients, there was a delay in meeting the 2010 criteria for females compared with males,
with a longer time to start corticosteroid therapy in women. In patients with early seroneg-
ative disease, symptoms in females could be more often attributed to fibromyalgia, other
noninflammatory conditions, or other rheumatic diseases [84].

Some authors have suggested that gender differences in RA may be due to differences
in treatment prescription between men and women. A retrospective analysis of RA patients
has not shown gender differences in the medication of MTX, dose, route of administration,
time from disease onset, and percentage of patients receiving suboptimal doses. Over-
all, the data indicate that gender does not influence MTX therapy assigned by treating
rheumatologists [85].

The gender of the attending physician may also play an essential role in health-care
delivery. Female patients are more likely to obtain formal health care, provide more psy-
chosocial information during a consultation than male patients, and show more preference
for female physicians. In contrast, female physicians pay more attention to the psychosocial
aspects of the complaints and use more gender-specific communication strategies than
male physicians [77].
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While it is evident that a gender bias characterizes RA reporting, perhaps there is
also a gap in the evaluation of disease activity related to the different genders of the
rheumatologist. In the analysis of 154 patients and their physicians, Duca et al. showed that
subjective measures of global health status (GH) and disease activity are generally higher
when collected by a female examiner. Female examiners recorded a more significant disease
activity and a worse health status in both genders, with both male and female patients
scoring higher levels of disease activity when evaluated by the female examiner compared
to the male one. This observation is primarily attributable to variations of the GH and
PtGA scores reported by patients, according to the absence of significant differences in the
physical examination (TJC and SJC) performed by the examiners. Considering the chronic
course of the disease, the physician–patient relationship is central in managing RA patients.
Female physicians tend to exhibit higher emotional intensity in the physician–patient
relationship. In this context, the higher emotional involvement between female physicians
and patients may justify the higher values of PROs reported to the female examiner. Bearing
in mind the impact of emotional well-being on the perceived disease activity, female
physicians may better identify the subjective nature of complaints reported. This allows a
more objective assessment of the global disease activity, especially in female patients [86].

12. Conclusions

A review of the impact of sex and gender on RA is presented. Although it is difficult
to establish a clear line of separation between both concepts, sex seems to be more related
to susceptibility, comorbidity (cardiovascular, osteoporosis, and periodontal disease), and
objective measures (ESR, TJC, and BMI). In contrast, the influence of gender could be
greater on environmental and behavioral risk factors, depression, subjective measures
(pain, PtGA, HAQ, and QoL), life impact, and use of health services. Finally, it could be a
mixed effect (sex and gender) on disease expression and the effect of drugs.

Gender medicine is a new paradigm focused on the differences between men and
women in health and disease. RA might be triggered by a complex interaction between
genetic, hormonal, environmental, and behavioral factors, all of which may be affected by
sex. Comorbidities, reproductive issues, and measurement of disease activity all might
affect treatment choices. Without a sex- and gender-sensitive and equitable approach to the
management of RA, disparities in outcomes will persist.

Implementing sex and gender differences in scientific reports might be essential to
equality and inclusivity. There is a critical need for research that addresses the biolog-
ical (i.e., sex) as well as sociocultural (i.e., gender) causes of male–female disparities in
immunotherapy responses, toxicities, and outcomes. Studies are also needed to define
the influences of both patient and physician gender and their mutual interaction on the
management of patients with RA.

Accounting for sex- and gender-related factors on health is an important challenge
in research. The definition of research questions, experimental models, and statistical
analysis should incorporate the complex, dynamic, and context-dependent constructs of
sex and gender.
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Abstract: Background: Rheumatoid arthritis (RA) in elderly population represents a challenge for
physicians in terms of therapeutic management. Methotrexate (MTX) is the first-line treatment
among conventional synthetic-disease-modifying anti-rheumatic drugs (cs-DMARDs); however, it
is often associated with adverse events (AEs). Therefore, the objective of this study was to identify
the incidence and risk factors of MTX discontinuation due to AEs in elderly patients with RA in
a long-term retrospective cohort study. Methods: Clinical sheets from elderly RA patients taking
MTX from an outpatient rheumatology consult in a university centre were reviewed. To assess
MTX persistence, we used Kaplan–Meir curves and Cox regression models to identify the risk of
withdrawing MTX due to adverse events. Results: In total, 198 elderly RA patients who reported
using MTX were included. Of them, the rates of definitive suspension of MTX due to AEs were
23.0% at 5 years, 35.6% at 10 years and 51.7% at 15 years. The main organs and system involved were
gastrointestinal (15.7%) and mucocutaneous (3.0%). Factors associated with withdrawing MTX due to
AEs were MTX dose ≥ 15 mg/wk (adjusted HR: 2.46, 95% CI: 1.22–4.96, p = 0.012); instead, the folic
acid supplementation was protective for withdrawal (adjusted HR: 0.28, 95% CI: 0.16–0.49, p < 0.001).
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Conclusions: Higher doses of MTX increase the risk of withdrawals in elderly RA, while folic acid
supplementation reduces the risk. Therefore, physicians working in therapeutic management for
elderly patients using MTX must focus on using lower MTX doses together with the concomitant
prescription of folic acid.

Keywords: rheumatoid arthritis in elderly; methotrexate; adverse events; withdrawals; treatment
persistence; retrospective cohort studies

1. Introduction

Rheumatoid arthritis (RA) is a systemic, autoimmune inflammatory disease that affects
synovial joints, causing chronic pain, bone erosions and disability [1]. The RA prevalence
ranges from 0.5 to 1% worldwide [2]. Early onset of pharmacological treatment with
conventional synthetic disease-modifying anti-rheumatic drugs (cs-DMARDs), constitutes
the corner stone of the therapy directed to control the disease activity and decrease the
progression of the disease. Methotrexate (MTX) is the synthetic DMARD prescribed as the
first line of treatment [3,4]. MTX is a folic acid analog which exerts its therapeutic effects by
inhibiting dihydrofolate reductase (DHFR), leading to decreased levels of tetrahydrofolate
(THF), a vital component in purine synthesis. This depletion of purine nucleotides, includ-
ing aminoimidazole carboxamide ribonucleotide transformylase (AICART), disrupts the
synthesis of purines, crucial for cell proliferation. Consequently, methotrexate impedes the
hyperactive immune response characteristic of RA, reducing inflammation and joint dam-
age [5]. In many countries, including Mexico, MTX is the cs-DMARD most often prescribed
to treat RA in around 70% of the patients [6]. However, most of the patients using MTX
correspond to persons between the 4th and 5th decade of life and the information derived
from using this drug in elderly patients is still limited, while in non-elderly RA patients,
there is a wide variability in the time of using MTX [7–11]. The lack of persistence is one of
the main factors that limits the effectiveness of MTX, and frequently, the withdrawals of
the drug are caused by adverse events (AEs), which, depending on their severity, can lead
to treatment discontinuation, from causing distress for the patient (mild) to more serious
health complications (severe) [12]. Various factors associated with AEs that lead to MTX
discontinuation have been investigated: increased body mass index (BMI) [13], higher pain
perception [13], increased ALT levels [13], MTX dose [14], disease duration [14], lack of
folate supplementation [14], age [14,15], sex [15], etc.

The World Health Organization (WHO) estimates that between 2015 and 2050, the
proportion of the global population aged 60 years and older will nearly double. [16].
The presence of RA in elderly individuals is an important challenge for rheumatologists,
internal medicine specialists and primary-care physicians. Studies performed in outpatient
rheumatology clinics indicate that at least 20% of the patients with RA are older than
60 years [17]. However, the literature regarding the behavior of MTX and other drugs in
this population is scarce. To date, there are few studies that have assessed MTX withdrawal
due to adverse events in the elderly RA population during long-term therapy. Therefore,
the present study aimed to identify the incidence and risk factors for withdrawals of MTX
due to adverse events in elderly patients with RA in a long-term retrospective cohort study.

2. Materials and Methods

2.1. Study Design and Clinical Setting

Study design: retrospective cohort study. Three trained researchers performed a
systematic assessment of clinical charts from elderly patients with RA from a 1000-patient
cohort study who attended an outpatient rheumatology consultation therapeutic university
centre from 1 January 1980 to 31 December 2016. The referred center mostly accommodates
patients from Jalisco state in Mexico. The study was performed from September 2021 to
January 2023.
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2.2. Inclusion, Exclusion and Elimination Criteria

We included patients with RA diagnosed by a rheumatologist meeting the American
Rheumatism Association 1987 revised criteria for RA [18]. These patients were ≥60 years
old at the time of the first consult with the rheumatologist, were prescribed oral MTX for
treating the joint manifestations of RA and had more than one visit to the rheumatologist
for clinical assessment of evolution and response to treatment.

Patients with only one clinical visit were excluded. Other exclusion criteria were if at
the baseline patients had any of the following conditions: cancer, chronic kidney disease
(stage 3B or higher), liver diseases, hepatic insufficiency, active infectious diseases, un-
treated immunodeficiency, interstitial pneumonitis, pulmonary fibrosis, recent vaccination
or hypersensitivity, alongside patients with overlapping syndrome (presence of RA plus
symptoms of systemic lupus erythematosus, systemic scleroderma, and polymyositis).

2.3. Ethics

This study was approved by the following committees: Ethics in Research committee
(CEI-CUCS) and Committee of Research (CI-CUCS) at the University Centre of Health
Sciences (CUCS), University of Guadalajara, approval code CI-04021. This research protocol
followed the Ethical Principles for Medical Research Involving Human Subjects described
in the Helsinki Declaration [19].

2.4. Study Development

Demographic and clinical data were ascertained by three trained researchers who
reviewed elderly RA patients’ clinical charts who attended the public hospital. Information
recollected was classified as:

(a) Sociodemographic variables: gender, age, type of insurance, body mass index (BMI),
alcohol consumption, smoking;

(b) Comorbid diseases: hypertension, diabetes mellitus type 2, obesity, depression and
other comorbid diseases;

(c) Disease characteristics: disease duration, articular and extraarticular manifestations,
functional classification;

(d) Pharmacological treatment (cs-DMARDS use, Methotrexate, Sulfasalazine, Antimalar-
ials, other cs-DMARDS), persistence of treatment (years), combined cs-DMARD
therapy—use of 2 or more cs-DMARDs simultaneously—and any other drug pre-
scribed, such as glucocorticoids, non-steroidal anti-inflammatory drugs, analgesics,
painkillers, antiacids, or antihypertensives, alongside folic acid supplementation;

(e) Safety: adverse events that led to MTX discontinuation alongside MTX dose and
usage time at the time of their appearance. Only adverse events that led patients to
stop their MTX treatment for more than 90 days were counted. Additionally, these
were classified based on the organ and system affected and the specific type of event.

(f) Adverse events were considered as reported by the rheumatologist in the clinical
charts at the time of each visit. Because this is a retrospective cohort, we were
unable to identify the adverse events using prespecified definitions; however, the
guidelines/recommendations to identify adverse events associated with MTX in our
institution are described briefly as follows:

• Gastritis, gastropathies and gastrointestinal manifestations. These included
gastric or duodenal mucosal injury, nausea, vomiting, mucosal ulcers, loss of
appetite and epigastralgia.

• Transaminitis (elevated transaminases): presence of alanine transaminase (ALT)
and aspartate transaminase (AST), higher than upper limits of normal (ULN)
cutoff values of the reference laboratory; the normal values in our laboratory
were as follows: ALT: normal range 5–50 IU/L; AST: normal range 10 to 34 IU/L.
Severe transaminitis was considered an increase of ALT or AST > 3-fold ULN in
two consecutive visits.
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• Diagnosis of bleeding diverticulitis was performed by gastroenterologist based on
symptoms of recurrent mild abdominal pain and distension plus rectal bleeding,
corroborated with diverticula images in abdominal CT scan.

• Oral ulcers: symptoms of painful and observation of well-defined small ulcers
(yellow or white rounded by erythema) in mouth and throat plus diverse diffi-
culty in swallowing food with presence of small mucosal erosions/ulcerations
on oral mucosa and/or tongue. Chronologically associated with MTX use and
disappearing after this DMARD withdrawn (corroborated by dermatologist).

• Alopecia and hair loss: hair loss temporally correlated with the use of MTX,
disappeared when MTX was withdrawn (corroborated by dermatologist).

• Abnormal blood counts; definitions:

� Anemia: hemoglobin level of <115 g/L;
� Leukopenia: peripheral blood leukocyte count < 3.0 × 109/L;
� Neutropenia: neutrophil count of <1.8 × 109/L;
� Lymphopenia: lymphocytes count < 1.1 × 109/L;
� Thrombocytopenia: platelet count of <100 × 109/L;
� Thrombocytosis: platelet count of >450 × 109/L.

• Interstitial pneumopathy: persistent symptoms of dyspnea and dry cough, plus
findings of scattered or diffuse and patchy, ground glass opacity with images
of reticular involvement identified by high resolution computed tomography
(HRCT) and corroborated by a pneumologist. Pulmonary fibrosis was diag-
nosed by findings of honeycombing images (clustered cystic airspaces) located
in subpleural region, with well-defined walls and diameters >0.5 cm, observed
in HRCT corroborated by radiologist and pneumologist.

• Dermatosis attributable to MTX: cutaneous lesions of erythematous indurated
papules located on proximal areas of the extremities with a direct chronologic
correlation with MTX therapy corroborated by dermatologist. These lesions
disappeared when MTX was withdrawn and had response to corticosteroids
(topical or systemics).

• Weakness as persistent symptoms of fatigue or tiredness.
• Weight loss: >10% in kilograms, obtained from the difference between weight in

the last visit (index visit)—weight in the previous visit.
• Recurrent infections: corroborated by persistent positive cultures or other ac-

cepted method.
• Urinary lithiasis: presence of stones observed in kidney or urinary tract using

ultrasound or computed tomography (CT).

2.5. Statistical Analysis

The incidence rate for adverse events that led to MTX suspension was computed,
and each adverse event was reported based on the organ and system affected along with
their specific description. Independent Student’s t-tests were used for comparisons of
quantitative variables between groups; chi-square tests (or Fischer exact tests if required)
were used for comparisons of proportions between groups. The cumulative drug survival
probability of MTX treatment persistence was analyzed using the Kaplan–Meier method,
where the reasons for censoring were the MTX continuation at the end of the study or loss to
follow-up, and plots were used to determine the incidence density of MTX discontinuation
due to AEs. Univariate and multivariate Cox proportional hazards regression models were
used to assess potential predictors for MTX discontinuation due to AEs. The significance
level was set at p ≤ 0.05. The analyses were performed using the statistical software SPPS
Statistics Version 24.
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3. Results

From the cohort of 1000 RA patients, 355 patients were ≥60 years old and were
screened for inclusion in the study. Of them, 133 patients were excluded because MTX was
not prescribed during the follow-up, and 26 additional patients were excluded because
they were prescribed biological therapy alongside MTX. Therefore, 198 elderly RA patients
met the inclusion criteria and were included in the study.

Table 1 describes the sociodemographic and disease characteristics of the 198 elderly
RA patients included in this study. Most of them were females (84.8%), with a mean age of
66.8 ± 5.6 years. The median RA disease duration was 1 year at the cohort onset, and 40.9%
had a positive rheumatoid factor (RF). Of them, 65.7% had extraarticular manifestations,
the three most frequent being anemia (35.4%), secondary Sjogren syndrome (34.8%) and
rheumatoid nodules (23.7%).

Table 1. Characteristics of patients with rheumatoid arthritis.

n = 198 (100.0)

Female gender, n (%) 168 (84.8)
Age (yrs), mean ± SD 66.8 ± 5.6
BMI *, mean ± SD 27.5 ± 5.7
Smoking, n (%) 6 (3.0)
Alcohol abuse, n (%) 4 (2.0)
Comorbidities, n (%) 153 (77.3)
Number of comorbidities, median (range) 1 (0.0, 4.0)
Overweight or Obesity, n (%) 118 (59.6)
Arterial Hypertension, n (%) 91 (46.0)
Osteoporosis, n (%) 57 (28.8)
Type 2 Diabetes Mellitus, n (%) 35 (17.1)
Clinical depression, n (%) 19 (9.6)
RA duration (yrs) up to onset of MTX
treatment, median (range) 1.0 (0.0, 39.0)

Steinbroker’s functional class, n (%)
- Functional class I, n (%) 49 (24.7)
- Functional class II–IV, n (%) 149 (75.3)
Pain score (VAS ** 0–100), mean ± DS 72.5 ± 15.7
Morning stiffness (>1 h), n (%) 108 (54.5)
Positive RF ***, n (%) 81 (40.9)
Extraarticular manifestations, n (%): 130 (65.7)
Anemia, n (%) 70 (35.4)
Sjogren syndrome, n (%) 69 (34.8)
Rheumatic nodules, n (%) 47 (23.7)
Neuropathies, n (%) 39 (19.7)
Pneumopathies, n (%) 4 (2.0)

Abbreviations: * BMI: Body mass index, ** VAS: Visual analogue scale, *** RF: Rheumatoid factor. Qualitative
variables are expressed as frequencies and percentages, and quantitative variables as means and standard
deviations (SDs) or as medians with minimum and maximum values (range).

3.1. Pharmacological Treatment

Table 2 describes the pharmacological treatment prescribed by the rheumatologist
at baseline. Monotherapy with MTX at the beginning of their treatment was reported in
120 patients (60.6%), while 78 patients (39.3%) used combined therapy since the onset of
treatment, the most frequent combination being MTX plus Sulfasalazine (SSZ) (19.2%) and
MTX plus Chloroquine (CHL) (8.6%). Polypharmacy (≥5 drugs taken simultaneously by
≥90 days) including all the drugs taken by the patients at the baseline was observed in
almost all the patients (94.9%). Folate supplementation was prescribed for 77.8% of the
patients. The MTX dose is reported as the last dosage reported.
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Table 2. Baseline pharmacological treatment.

n = 198 (100.0)

Methotrexate as monotherapy, n (%) 120 (60.6)
Combined therapy, n (%) 78 (39.3)
MTX dose (mg)/wk, mean ± SD 13.6 ± 3.6
Usage duration (yrs), median (min., max.) 5 (0.01, 15.00)
Combined therapy MTX plus:
Sulfasalazine, n (%) 38 (19.2)
Azathioprine, n (%) 17 (8.6)
Leflunomide, n (%) 9 (4.5)
Chloroquine, n (%) 4 (2.0)
SSZ + CHQ, n (%) 5 (2.5)
AZA + LEF, n (%) 2 (1.0)
Other combinations *, n (%) 3 (1.5)
Glucocorticoids, n (%) 169 (85.4)
NSAIDs, n (%) 189 (95.5)
Analgesics, n (%) 156 (78.8)
Other drugs:
Omeprazole, n (%) 130 (65.7)
Antiresorptive, n (%) 46 (23.2)
Antihypertensives, n (%) 43 (21.7)
Antidiabetic drugs, n (%) 16 (8.1)
Num. of drugs used at the same time, mean ± SD 8.3 ± 2.6
Polypharmacy (≥5 or more drugs), n (%) 188 (94.9)
Folic acid supplementation, n (%) 154 (77.8)

Abbreviatures: MTX: Methotrexate, SSZ: Sulfasalazine, CHQ: Chloroquine, AZA: Azathioprine, LEF: Lefluno-
mide, NSAIDs: Non-steroidal anti-inflammatory drug. Qualitative variables are expressed as frequencies and
percentages, and quantitative variables as medians (ranges) or means and standard deviations (SDs). * Other
combinations: MTX + SSZ + CHQ (0.5%), MTX + SSZ + LEF (0.5%) and MTX + CHQ + LEF (0.5%).

3.2. Changes of MTX Monotherapy to MTX Combined Therapy during the Follow-Up

The rate of using MTX as monotherapy decreased during the follow-up. After 5 years,
105 patients remained in the cohort; 44.8% patients used monotherapy with MTX and 55.2%
combined therapy, the most frequent combinations being MTX plus SSZ (21.0%) and MTX
plus Leflunomide (LEF) (9.5%). After 10 years, only 44 patients remained in the cohort;
29.5% patients used monotherapy with MTX and 70.5% combined therapy, the most used
combination being MTX plus SSZ (22.7%). At 15 years, only 12 patients remained in the
study; 30.6% were using MTX monotherapy and 55.1% combined therapy, with MTX plus
SSZ (24.5%) as the most frequent combination of cs-DMARDs.

3.3. Adverse Events Leading to Suspension of MTX

Table 3 describes the adverse events that led to the suspension of MTX. During
follow-up, 64/198 patients (32.3%) suspended MTX; of those, 54 (27.3%) withdrawals
were due to adverse events, 5 (2.5%) were due to drug shortage and only 2 patients
(1.0%) suspended MTX due to inefficacy. For the adverse events motivating definitive
suspension of MTX, for 54 (27.3%), the main organs/systems involved were gastrointestinal
(15.7%), mucocutaneous (3.0%), hepatic (2.5%) and constitutional symptoms (2.0%). In
data that are not shown in tables, 16 patients (29.6%) had severe adverse events, such as:
transaminasemia, bleeding diverticulitis and upper digestive tract bleeding, interstitial
pneumopathy and/or pulmonary fibrosis, and severe infections.
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Table 3. Classification of adverse events reported that led to discontinuation.

Patients Who Discontinued MTX Due to AEs n = 54 (100.0)

Main organs and systems with AEs
Gastrointestinal, n (%) 31 (57.4)
Mucocutaneous, n (%) 6 (11.1)
Hepatic, n (%) 5 (9.2)
Constitutional symptoms, n (%) 4 (7.4)
Recurrent Infections, n (%) 3 (5.5)
Hematologic, n (%) 2 (3.7)
Pulmonary, n (%) 2 (3.7)
Renal, n (%) 1 (1.8)

Specific adverse event
Epigastralgia and/or Gastritis 18 (33.3)
Nausea, vomiting, gastric intolerance and/or diarrhea 10 (18.5)
Transaminitis 5 (9.2)
Bleeding diverticulitis and upper digestive tract bleeding 5 (9.2)
Oral ulcers and/or Alopecia/hair loss 5 (9.2)
Leukopenia and/or lymphopenia 2 (3.7)
Interstitial pneumopathy/pulmonary fibrosis 2 (3.7)
Weakness and weight loss 2 (3.7)
Dermatosis 1 (1.8)
Tuberculosis infection. 1 (1.8)
Hepatitis C infection 1 (1.8)
Recurrent infections 1 (1.8)
Urinary lithiasis 1 (1.8)

Qualitative variables are expressed as frequencies and percentages, and quantitative variables as medians (ranges)
or means and standard deviations (SDs).

3.4. Rate of MTX Withdrawal

The patients using MTX were followed up for a total of 1155.20 person-years (mean:
6.1 ± 4.9 years, median: 5.0 years). Density incidence of MTX suspension caused by adverse
events was 0.040 per 1000 person-years. Figure 1 shows Kaplan–Meier survival curves of
the time to MTX withdrawal, in which the cumulative incidence of MTX suspension was
23.0% after 5 years, 35.6% after 10 years and 51.7% after 15 years.

Table 4 shows a comparison of variables observed at baseline between patients who
discontinued MTX with those who continued MTX. There were no differences in epidemio-
logical variables (such as: age, BMI and comorbidities), nor variables associated with RA
(tender joint count, swollen joint count, morning stiffness or extraarticular manifestations)
between these groups. Patients who discontinued MTX had higher doses of this DMARD
compared to patients who did not discontinue that DMARD (p = 0.006). Instead, patients
who did not discontinue MTX had higher frequency of using folic acid supplements com-
pared to those who discontinued MTX (p < 0.001). Patients who continued MTX had a
longer time of using this DMARD compared to those who withdrew MTX (p < 0.001).

In Figure 2B1–B4, we showed different risk factors associated with MTX discontinua-
tion by Kaplan–Meier analyses: Figure 2B1 describes the relation of suspension due to AEs
with higher MTX doses (≥15 mg/wk). Patients with higher doses of MTX had significantly
higher rate of suspension for MTX due to AEs (p < 0.001).
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Figure 1. Persistence of MTX.

Table 4. Comparison of variables between RA patients with MTX withdrawals due to adverse events
(AEs) vs. RA patients who continued MTX.

Variable, n (%)
MTX

Withdrawals *
n = 54 (100.0)

MTX (Non-
Withdrawals)
n = 144 (100.0)

p

Age (yrs), mean ± SD 65.6 ± 5.0 67.2 ± 5.7 0.08

BMI, mean ± SD 28.2 ± 7.5 27.2 ± 4.5 0.3

Num. comorbidities, mean ± SD 1.2 ± 1.1 1.3 ± 0.9 0.6

Arterial Hypertension, n (%) 25 (46.3) 66 (45.8) 0.9

RA duration before MTX, mean ± DS 5.6 ± 8.7 5.3 ± 7.9 0.8

Pain score (VAS 0–100 mm), mean ± DS 74.2 ± 14.6 73.3 ± 14.0 0.7

Tender joints count, mean ± DS 10.3 ± 5.9 10.4 ± 6.0 0.8

Swollen joints count, mean ± DS 9.9 ± 4.4 9.3 ± 4.1 0.4

Morning stiffness (>1 h), n (%) 30 (55.6) 78 (54.2) 0.8

Extraarticular manifestations, n (%): 40 (74.1) 90 (62.5) 0.1
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Table 4. Cont.

Variable, n (%)
MTX

Withdrawals *
n = 54 (100.0)

MTX (Non-
Withdrawals)
n = 144 (100.0)

p

Sjogren syndrome, n (%) 14 (9.7) 7 (13.0) 0.5

Rheumatic nodules, n (%) 13 (24.1) 34 (23.6) 0.9

RF, n (%) 23 (42.6) 58 (40.3) 0.7

MTX dose (mg/wk), mean ± SD 14.3 ± 3.1 12.9 ± 3.2 0.006

Time of using MTX (years), mean ± SD 4.1 ± 4.0 6.4 ± 4.4 <0.001

Combined therapy **, n (%) 21 (38.9) 57 (39.6) 0.9

Glucocorticoids, n (%) 50 (92.6)) 119 (82.6) 0.07

Polypharmacy (≥5 or more drugs), n (%) 50 (92.6) 138 (95.8) 0.3

Folic acid supplementation, n (%) 30 (55.6) 124 (86.1) <0.001
Abbreviatures: RA: Rheumatoid Arthritis, MTX: Methotrexate, BMI: Body Mass Index, VAS: Visual Analogue
Scale, RF: Rheumatoid Factor * MTX withdrawals due to AEs. ** Combined therapy was considered as patients
with MTX + at least 1 or more DMARDs. All variables were reported at cohort onset excepting: (1) MTX dose: this
variable was reported as the last dose before suspending the drug (in patients with MTX suspension), or as the
last MTX dose registered in the clinical chart in those patients who did not discontinue this drug; (2) Time of using
MTX, this variable was reported computing the years of using that DMARD until drug suspension; in those who
continued MTX this variable was computed as the total time since MTX onset until the last visit. Comparisons
between proportions were performed using chi-square test and comparisons between means were performed
using Student t-tests.

Figure 2B2 shows the comparison between survival on taking MTX in patients using
folate supplementation vs. patients without it. Patients receiving folate supplementation
had significantly lower rate of suspension for MTX due to AEs (p < 0.001). Figure 2B3
evaluates the effect of having gastropathy at baseline. Patients with gastropathy had
significantly higher rate of suspension for MTX due to AEs (p = 0.016).

Other risk factors were evaluated, such as the number of DMARDs at the beginning of
the treatment, the presence of comorbidities, anemia and BMI >25 (Overweight to obesity,
Figure 2B4); though none of these reported an effect over MTX survival.

Table 5 shows the results of the multivariate Cox risk analysis. In the model, we
included as time-dependent variable: MTX withdrawals due to adverse events. Covariables
(potential confounders) tested in the unadjusted model (enter method) were female sex,
overweight/obesity, presence of two or more comorbidities, tender joints count, swollen
joints count, use of two or more DMARDs (MTX plus at least another DMARD), MTX dose
equal to or higher than 15 mg/wk and folic acid supplementation. The risk model showed
significant relations between MTX survival and the MTX dose ≥ 15 mg/wk (HR = 2.76,
95% CI: 1.33, 5.74, p = 0.006) and folic acid supplementation (HR = 0.27, 95% CI: 0.15, 0.49,
p < 0.001), whereas no statistical associations were observed with the rest of covariables.
In the second analysis, adjusting by stepwise method these potential confounders, in the
model, only 2 variables remained significantly associated with risk of MTX withdrawals
due to adverse events: MTX dose ≥ 15 mg/wk increasing the risk of MTX suspension
(aHR = 2.46, 95% CI: 1.22, 4.96, p = 0.012) and folic acid supplementation as protective
factor (aHR = 0.28, 95% CI: 0.16, 0.49, p < 0.001).
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Figure 2. Cont.
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Figure 2. B1–B4: Risk factors of MTX discontinuation due to adverse events.

Table 5. Risk factors for MTX suspension due to adverse events in elderly patients with
rheumatoid arthritis.

MTX Treatment Suspension Due to Adverse Events

Unadjusted Adjusted

Enter Method Stepwise Method

HR 95% CI p-Value aHR 95% CI p-Value

Female sex 1.03 0.47–2.28 0.9 -- -- --
Overweight/obesity 0.75 0.41–1.36 0.3 -- -- --
≥2 Comorbidities 0.70 0.33–1.46 0.3 -- -- --
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Table 5. Cont.

MTX Treatment Suspension Due to Adverse Events

Unadjusted Adjusted

Enter Method Stepwise Method

HR 95% CI p-Value aHR 95% CI p-Value

Tender joints 0.98 0.93–1.03 0.6 -- -- --
Swollen joints 1.05 0.98–1.13 0.1 -- -- --
≥2 DMARDs * 0.78 0.43–1.41 0.4 -- -- --
MTX dose ≥ 15 mg/wk 2.76 1.33–5.74 0.006 2.46 1.22–4.96 0.012
Folic acid usage 0.27 0.15–0.49 <0.001 0.28 0.16–0.49 <0.001

Abbreviations: BMI: Body mass index. DMARDs: Disease-modifying antirheumatic drugs. MTX: Methotrexate.
* For covariates the use of MTX plus one or more DMARDS (SSZ, CLQ, AZA and/or LEF) was considered as
≥2 DMARDs. aHR: Adjusted hazard ratio. 95 CI: 95% Confidence interval. Crude HRs were obtained using
the enter method. aHR was obtained using the stepwise method. Variables excluded from the final model were
female sex, ≥25 BMI, ≥2 comorbidities, tender joints, swollen joints and ≥2 DMARDs.

4. Discussion

This study identified that the incidence rates of definitive suspension of MTX due to
AEs were 9.5% at 1 year, 23.0% at 5 years, 35.6% at 10 years and 51.7% at 15 years from
initiating the drug. The main risk factor that increased the probability of MTX suspension
due to AEs was the use of higher doses of MTX (≥15 mg/wk), whereas the use of folic acid
acted as a protective factor against suspension due to AEs. The most frequent cause of MTX
definitive suspension in RA elderly patients was adverse events, mainly gastrointestinal
and mucocutaneus effects.

4.1. MTX Persistence

In the present study, we identified that 59.1% of elderly patients had MTX prescribed
as a monotherapy at baseline and 29.7% in combined therapy. Monotherapy with MTX is
more frequently indicated in elderly patients compared to young patients where the use of
combined therapy with cs-DMARDS seems to be more frequently prescribed. In elderly RA
patients, a concern is the increasing of side effects by pharmacological interactions of the
high number of drugs used to treat comorbidities; therefore, it is more usual in our centers
to prescribe MTX monotherapy in this population compared to younger RA patients. This
therapeutic behavior has been reported by other studies: Tutuncu Z et al. compared in a
cross-sectional design the information of two databases in different populations defined
by age: the first was the information derived from the elderly-onset rheumatoid arthritis
(EORA) database and the second derived from information of the younger-onset rheuma-
toid arthritis (YORA) database; these authors described a higher proportion of using MTX
monotherapy in elderly RA compared to younger RA patients where the utilization of
combined therapy was more usual (p = 0.005) [20]. Mathieu S et al. followed for five years
French RA patients, stratified in three different age groups: >50, 50 to 64, and 65 to 74 years
old, observing a higher prevalence (68.4%) of MTX monotherapy in their elderly group
(65 to 74 years old), observing higher rates of MTX suspension correlated with the increase
of other cs-DMARDS co-utilization, although the oldest group showed a higher persistence
to RA treatment regardless of the number of drugs received [21]. Similarly, in our study,
we did not identify statistical differences in the rate of suspension of MTX by AEs when it
was used in combined therapy compared against use of MTX monotherapy.

We identified a low rate (9.5%) of MTX suspension due to AEs at 1 year of treatment;
however, it increased to 23.0% at 5 years, and continued increasing to almost one of three
patients (35.6%) at 10 years, and lastly, around one of each two patients (51.7%) suspended
treatment at 15 years. Two studies performed in Danish and French RA patients identified
a similar rate of MTX suspension at 5 years of treatment onset [15,21]. Bliddal H. et al.
found a rate of MTX suspension in Danish RA patients (mean age 59.8 ± 14.4 years) similar
to the one observed by us, of 25% at 5 years [15]. Mathieu S et al. observed in French
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RA patients, stratified in three groups as stated above, the rate of MTX suspension of 25%
at 5 years, showing a higher retention rate in the oldest group [21]. Other authors have
reported higher rates of MTX suspensions in their cohorts. Alarcon G.S. et al. reported
a 55% rate of suspending MTX at 5 years due to toxicity in North American RA patients
(mean age: 61.2 ± 12.4 years) [9]. Scully C.J. et al., in North American RA patients (mean
age: 51 ± 12 years), observed that almost four of five patients (71.5%) suspended MTX
at 5 years [22]. Lastly, Ideguchi H et al. reported that in Japanese RA patients (mean age
57.6 ± 11.4 years), there was a 40% rate of MTX suspension at 5 years [14]. Rate of MTX
suspension due to AEs at 10 years was 35.6%, similar to those reported in Danish patients
by Bliddal H, observing that at 10 years, 35% of patients stopped MTX treatment [15].
Other cohorts reported higher rates of suspension at 10 years. Hoesktra M et al. reported
that in Dutch RA patients (median age: 59.7), at 9 years, the rate of MTX withdrawal was
50% [10]; Alarcon G.S. et al. observed a higher discontinuation rate of 70% in RA patients
after 10 years (mean age: 61.2 ± 12.4) [8]. Lastly, to the best of our knowledge, we could
not identify a cohort with a follow-up of 15 years of elderly patients, where one of each
two patients (51.7%) had suspended treatment at the end of the study period.

4.2. Adverse Events of MTX That Led to Suspension

The main EAs reported in our study were gastrointestinal (15.7%), mucocutaneus
(3.0%) and hepatic (2.5%). We identified several studies in which Aes were associated
with the main cause of MTX suspension. Alarcon G.S. et al. described that the most
frequent AEs leading to discontinuation of MTX in North American RA patients (mean
age: 61.2 ± 12.4 years) were gastrointestinal events (43.8%) followed by AEs related to
skin involvements (22.8%) [9]. Nikiphorou E et al. reported in a cohort of UK RA patients
(mean age of the patients was not specified) that side effects were the main reason for
MTX withdrawal, of which, gastrointestinal events were the most frequent adverse effects
(32.7%) [23]. In a more recent study, Nagafuchi H et al. reported in a retrospective cohort
performed in Egyptian RA patients (with median age: 58.0 years) that the most frequent
causes of withdrawals were infections (20.0%), malignancies (14.1%) and respiratory disor-
ders (10.2%) [24]. In comparison, the rate of infections and respiratory disorders as causes
for suspension were significantly lower (5.4% and 3.7%, respectively), and no malignancies
were reported in our cohort. Instead, the main cause of suspension was gastrointestinal
effects like the causes reported in cohorts from North American patients [9]. Other cohort
studies have reported the incidence of AEs in RA patients treated with DMARDs. Singal
V. et al. analyzed the AEs in young patients from India (mean age: 38 years) observ-
ing abnormal level of transaminases (29.1%) and excessive nausea along with vomiting
(16.6%); however, this cohort did not focus on treatment suspension [25]. Sherbini A. A.
et al., in a prospective cohort, analyzed the rates and baseline predictor of AEs observed
in the first year of MTX treatment in RA patients from the UK (mean age: 59 years); at
twelve months, 77.5% of their patients reported at least one adverse event, mainly gas-
trointestinal (42.0%), constitutional (39.6%), neurological (28.6%), mucocutaneus (26.0%)
and pulmonary (20.9%). Nevertheless, they did not extend the time of follow-up in this
interesting cohort [26]. Takahashi C et al. reported in a 76 week study, 34% of 79 Japanese
patients with RA (mean age: 56.7) had AEs, mainly gastrointestinal symptoms and hepa-
totoxicity [27]. Cummins L et al. described in a prospective cohort of 181 Australian RA
patients (mean age: 52 years) who received a combination of triple DMARDs including
MTX + SSZ + HCQ, the tolerability, persistence and efficacy. Of them, MTX was with-
drawn in 29% of their patients, in this cohort, the gastrointestinal intolerance (15.0%)
and rash (11.0%) being the most frequent AEs [28]. All these results reflect the impor-
tance of surveilling gastrointestinal and cutaneous AEs in users of MTX and support our
study findings.
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4.3. Risk Factors Associated with MTX Suspension Due to AEs

We identified the risk factors associated with the suspension of MTX therapy due to
adverse events. A MTX dose ≥ 15 mg/wk was found to increase 2.46-fold the risk of the
suspension of MTX due to AEs. Two studies analyzed RA patients in which MTX with-
drawal was associated with the use of lower doses of MTX compared to the doses observed
in our patients. Ideguchi H et al., in Japanese RA patients (mean age: 57.6 ± 11.4 years), re-
ported in their cohort study that MTX discontinuation is associated with lower MTX doses
(>8 mg/wk), increasing the risk up to almost 3-fold [14]. Asai S et al., in a cross-sectional
study in Japanese patients (Median age: 64), observed that MTX doses >8 mg/wk increased
the risk of reflux and abdominal pain (OR: 1.62 and 1.62, respectively); however, association
between these AEs and MTX suspension was not analyzed [29]. Shoda H. et al. performed
a cohort in Japanese RA patients (mean age: 60.8), comparing the maintenance dose of
MTX in patients who had AEs vs. RA patients without AEs, identifying a relation between
higher doses and AEs (9.6 ± 4.2 mg/wk vs. 6.7 ± 3.0 mg/wk respectively, p = 0.03) [30].
These data support our results of a higher risk of withdrawals of this DMARD related to
higher doses.

4.4. Folate Supplementation as Protective Factor for MTX Suspension Due to AEs

In our study, folic acid supplementation was observed as a protective factor associated
with MTX persistence, reducing the probability of MTX suspension due to AEs by 0.28-fold.
Two other studies also identified the supplementation of folic acid as a protective factor
in MTX therapy. Ideguchi H et al., in Japanese RA patients (mean age: 57.6 ± 11.4 years),
reported that a lack of folic acid supplementation increases the risk of MTX discontinuation
(RR = 1.93, p = 0.029), although it is not directly associated with AE development [14].
Hoekstra M et al., in their cohort of Dutch RA patients (median age: 59.7), reported that
folate supplementation was associated with MTX survival, acting as a protective factor
(RR = 0.25, p < 0.001) [10].

4.5. Strengths and Limitations

The present study focused on MTX suspension due to AEs in elderly RA patients.
There is limited information regarding suspension of MTX due to AEs in elderly RA
patients. Our study shows that 19% to 35% of patients in our cohort of RA patients are
aged ≥ 60 years old. Elderly RA patients represent a challenge for clinicians treating this
subgroup of the population because they have an impairment in metabolism and excretion
of several drugs, making them more susceptible to suffer adverse events linked to the
drugs used for their treatments. The present study described the long-term incidence of
suspension of MTX due to AEs. We identified that at 10 years, the rate of patients that
suspended MTX was 35.6%, and at 15 years this increased up to 51.7%. The main AEs
identified were gastrointestinal and mucocutaneous. Risk predictors were analyzed after
using an adjusted multivariate analysis, the main risk factor being a higher dose of MTX
and as a protective factor, the utilization of folic acid.

However, this study has several limitations; the main one of them is derived from
the retrospective cohorts where we cannot exclude the possibility that some information
regarding several other risk factors could be missing. Among them, we have no information
regarding genetic variables, MTX and its metabolites serum levels, therapeutic adherence
or other variables that may influence the development of AEs but are not usually registered
in the clinical charts. Another limitation observed in long-term retrospective cohorts is
the loss of patients during the follow-up; in this cohort, the number of patients who were
censored during the study was increased by other causes different to AEs. We therefore
used the density of incidence as the strategy to identify the rate of therapeutic suspension
of MTX, whereas prospective cohort studies with lower follow-up could use cumulative
incidence as a better measure of incidence. We adjusted the time for developing events
using Kaplan–Meir curves and hazard ratio in the multivariable Cox regression analysis.
One potential limitation in our study was the use of 1987 ACR criteria for the inclusion
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of patients with a diagnosis of RA; although these criteria have a good sensitivity (79%)
and specificity (90%) in patients with established RA, these values can decrease in patients
with early RA (sensitivity of 77% and specificity 77%) [31]. However, at the time of the
cohort onset, this set of criteria were the most used in the clinical settings in our country.
Another additional limitation of this cohort was the lack of data regarding the positivity
of anti-CCP antibodies; these antibodies have been related to several outcomes including
erosions [32] and some extraarticular manifestations (such as subcutaneous nodules and
lung involvement) [33]. In this cohort, an assessment of anti-CCP antibodies at the onset
and their relation with adverse events of MTX was not investigated. Finally, we excluded
elderly RA patients treated with biologic DMARDs; although, nowadays, the use of biologic
therapy is more prescribed in our institution, at the time of the cohort onset, only 10% of
the patients had this type of therapy.

5. Conclusions

In elderly RA patients, the suspension of MTX usually occurs earlier in therapy,
while as many as half of the patients tolerate it up to 15 years. The most frequent reason
for suspending MTX is adverse events of a gastrointestinal and mucocutaneus nature.
Higher doses of MTX were associated with an increased risk of suspension, while folate
supplementation considerably improved MTX survival.
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Abstract: Background: We aimed to analyse the effectiveness, efficiency, and safety of initial treatment
with biological therapies in rheumatoid arthritis (RA). Methods: Qualitative study. A group of RA
experts was selected. A scoping review in Medline was conducted to analyse the evidence of initial
RA treatment with biological therapies. Randomised clinical trials were selected. Two reviewers
analysed the articles and compiled the data, whose quality was assessed using the Jadad scale.
The experts discussed the review’s findings and generated a series of general principles: Results:
Seventeen studies were included. Most of the included patients were middle-aged women with
early RA (1–7 months) and multiple poor prognostic factors. Initial treatment with TNF-alpha
inhibitors combined with methotrexate (MTX) and an IL6R inhibitor (either in mono or combination
therapy) is effective (activity, function, radiographic damage, quality of life), safe, and superior to
MTX monotherapy in the short and medium term. In the long term, patients who received initial
treatment with biologicals presented better results than those whose initial therapy was with MTX.
Conclusions: Initial treatment of RA with biological therapies is effective, efficient, and safe in the
short, medium, and long term, particularly for patients with poor prognostic factors.

Keywords: rheumatoid arthritis; biologic therapy; initial treatment; narrative review; experts’ opinion

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory joint disease of autoimmune
origin, with an estimated prevalence of around 1% [1]. The disease is associated with a
major impact on the patient, their environment, and the healthcare system [2–4].

For many years, the pharmacological treatment of RA was essentially based on the
use of corticosteroids and classical synthetic disease-modifying anti-rheumatic drugs (csD-
MARD) like methotrexate (MTX) [5]. However, the arrival of biologic DMARD (bDMARD)
significantly changed treatment paradigms for RA patients [6].

Pivotal studies on bDMARD showed their efficacy and safety for patients with RA
refractory to csDMARD [5,7], which led regulatory agencies to approve the use of these
drugs for this group of RA patients. Subsequent publications have presented the results
of post hoc analyses and studies specifically designed to analyse bDMARD as the initial
treatment for RA (csDMARD-naïve patients) [8,9]. This is why the summaries of products
for some bDMARD contemplate the drug’s use in patients with severe, active, progressive
RA not previously treated with MTX or other csDMARD. However, the guidelines of
national and international scientific societies still recommend using csDMARD, particularly
MTX, as the initial treatment for RA [6,10]. These guidelines highlight the high cost of
many bDMARDs as a limitation to their wider use [11,12].
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On the other hand, the approval of biosimilar medicines has ushered in more competi-
tive pricing, bringing a considerable reduction in bDMARD costs [13]. A report by BioSim
(the Spanish Association of Biosimilar Medicines) estimates savings derived from the in-
troduction of biosimilars for the 2009–2019 period to be 2306 million euros in Spain [14].
It also highlights adalimumab (ADA) as the drug that generates the most savings [14].
There are currently over 60 biosimilar medicines corresponding to 17 drugs, 4 of which
are for immune-mediated diseases: infliximab (IFX), ADA, etanercept (ETN), tocilizumab
(recently approved by the European Medicines Agency), and rituximab, which are widely
used [15]. The guidelines of scientific societies acknowledge that biosimilar medicines have
contributed to a substantial reduction in the cost of medicines, following a policy of rational
prescribing based on the principle that if two medicines are equally effective and safe for a
specific patient, the least expensive should be used [6].

In light of this, we can consider the use of bDMARD as the initial treatment for
RA, at least for some subgroups of patients. The design of this project aimed to address
this topic, with the objectives of analysing the existing evidence on initial treatment with
bDMARD and issuing a series of positions for better stratification of RA patients. Bearing
in mind that many countries recommend biosimilar TNF-alpha inhibitors as the first choice
for bDMARD and, among patients with intolerance to/contraindications for MTX, an
interleukin 6 receptor (IL6R) inhibitor, this document focuses on these pharmacological
groups. Abatacept and rituximab are currently reserved for special situations, and in
clinical practice, Janus kinase inhibitors are used in later lines of treatment.

We believe that this document will help rheumatologists in their therapeutic decision-
making for RA patients.

2. Materials and Methods

This qualitative study is based on a scoping review of the literature and on expert
opinion. The project was conducted in full compliance with the principles established
in the Declaration of Helsinki for medical research involving human subjects in its latest
version [16] and in accordance with applicable regulations on Good Clinical Practice.

Participant selection and the first nominal group meeting. A group of three rheumatol-
ogists with extensive experience and knowledge of RA management were selected. In a first
meeting, they analysed the current status of RA management and defined the objectives,
scope, and literature review to be undertaken.

Scoping review of the literature. The objective was to assess the efficacy, effectiveness,
and safety of the initial treatment of RA with bDMARD.

With the help of an expert documentalist, different search strategies were designed for
Medline (up to January 2023) that combined both MeSH and free-text terms. Examples of
terms used are “rheumatoid arthritis” or “disease-modifying anti-rheumatic drugs”. Searches
were also made using PubMed’s Clinical Queries tool (see Supplementary Table S1).

Studies that met the following inclusion and exclusion criteria were selected: The
population included patients with RA (according to international criteria [17]), adults
(>18 years), regardless of disease duration or severity (P); RA patients receiving initial
treatment with bDMARD, i.e., naïve for any csDMARD such as oral (po), subcutaneous (sc),
or other MTX. No restrictions were imposed regarding dose, treatment duration, use as
monotherapy or in combination (I), a control, or either a placebo or with an active ingredient
(C). We also included studies that analysed any variable related with efficacy/effectiveness,
such as RA activity including DAS28 (disease activity score), CDAI (clinical disease activity
index), SDAI (simplified disease activity index), disease remission, function assessed
with the HAQ (Health Assessment Questionnaire), structural damage viewed in a simple
radiography or magnetic resonance imaging (MRI), PRO (patient-reported outcomes), acute
phase reactants such as erythrocyte sedimentation rate (ESR) or C-reactive protein (CRP),
quality of life assessed with RAQoL (Rheumatoid Arthritis Quality of Life) Questionnaire
or others, cost-effectiveness and safety variables (serious adverse events, infection rate,
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etc.). The types of studies accepted were randomised clinical trials (RCT) with their
corresponding extension studies and post hoc analyses. Figure 1 shows the study flow chart.

 

Figure 1. Studies flow chart.

All of the citations found using the different search strategies were downloaded to the
EndNote® reference management software package (Version number 20). Two reviewers
(EL, TO) independently analysed the citations in duplicate. The search results were first
refined by title and abstract, with another purge after a detailed reading of the resulting
citations. The two reviewers compiled data from the included studies. To assess the
methodological quality of the studies included, a Jadad scale was used (from 1 to 5, with
“quality” defined as an RCT with a score of ≥3). A descriptive-qualitative analysis was
performed. Meta-analysis was only performed in cases of homogeneity.

Finally, as part of the secondary search, the bibliographic references of the included
articles and the abstracts of international conferences were reviewed.

Second meeting of the nominal group. The nominal group discussed the review results
at the second meeting, during which the experts reached a consensus on a series of points
related to the use of bDMARD as an initial treatment for RA.

Preparation of the final document. The final text took into account both the narrative
review and the nominal group’s decisions. For each of the expert points, we assessed the
strength of the recommendation (very low, low, moderate, or high). The resulting document
was given to the experts for their final evaluation and comments.

3. Results

A total of 17 articles [18–34] were included, whereas 15 were excluded (see Supple-
mentary Material, Table S2) [8,9,35–47]. A summary of the main outcomes is depicted in
Table 1, while the supplementary material provides the evidence tables (Tables S3 and S4).

Here we present the expert opinions along with the literature search results.
General indications on initial treatment with bDMARD.

1. Based on the body of evidence and the current context of daily practice, it is possible
to consider the use of bDMARD as an initial treatment for RA. Strengths of the
recommendation: Moderate

With regard to TNF-alpha inhibitors, one RCT found that the combination IFX + MTX
po was significantly superior to MTX po in improving synovitis and bone marrow oedema
(measured by MRI), both at weeks 18 and 52 [19]. The combination was also superior in
ACR20/50/70 responses at week 22, with a similar (non-significant) trend observed at
week 52 [19].
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Data from the BeSt study show that the triple therapy of csDMARD with prednisone
and the combination IFX + MTX (po and sc) improved HAQ faster (3rd month) than the other
treatment groups analysed, an improvement that was sustained until month 12 (p < 0.05).
Moreover, these strategies were also significantly superior in improving structural damage
(<0.001), although this effect disappeared in the second year [20–22]. Long-term (10-year)
follow-up showed that the different combination therapies produced similar global out-
comes (non-significant differences), although patients treated with IFX + MTX showed less
radiographic progression and better physical functioning than the other strategies [23].

Table 1. Main conclusions of the included studies [18–34]. The study’s primary outcomes are
highlighted.

1 The use of initial treatment with IFX + MTX is significantly superior to MTX (in the short and long term) to MTX regarding RA activity
(DAS28, DAS28 remission, imaging techniques, etc.), HAQ, radiographic progression, and quality of life (RAQoL)

2 Initial treatment with IFX + MTX is superior to other strategies: sequential csDMARD monotherapy and stepped combination treatment with
csDMARDs regarding the previously mentioned variables

3
Initial use of ADA + MTX during the first year is significantly superior (in the short and long term) to MTX regarding RA activity (DAS28,
DAS28/CDAI/SDAI/ACR-EULAR remission, low disease activity, joint counts, etc.). HAQ, quality of life (SF-36-physical component), and

probably regarding radiographic progression
4 Current evidence on initial treatment with ETN + MTX is based on a single study and is inconclusive

5
Initial use of CZP + MTX is significantly superior (in the short and long term) to MTX regarding RA activity (DAS28, DAS28 remission, CDAI,
CDAI remission, SDAI, acute phase reactants, etc.), HAQ, and radiographic progression. However, the CZP + MTX combination has not been

shown to be superior to the combination of MTX with prednisone or to the combination of SSZ + HCQ + intra-articular corticosteroids

6 Initial use of ABT + MTX achieves remission rates of 52% at 24 weeks, higher than those obtained with the combination of MTX +
corticosteroids or SSZ + HCQ+ intra-articular corticosteroids

7 Initial use of TCZ + MTX or TCZ in monotherapy is significantly superior (in the short and long term) to MTX regarding RA activity (DAS28,
DAS28 remission, CDAI, CDAI remission, EULAR and ACR responses, etc.), HAQ, radiographic progression, and quality of life

Abbreviations: IFX = infliximab; ADA = adalimumab; ETN = etanercept; CZP = certolizumab pegol;
TCZ = tocilizumab; SSZ = sulphasalazine; HCQ = hydroxychloroquine; MTX = methotrexate; csDMARDs = classi-
cal synthetic disease-modifying anti-rheumatic drugs; RA = rheumatoid arthritis; SF-36 = 36-item short-form health
survey; ACR = American College of Rheumatology; DAS28 = disease activity score of 28 joints; CEDAI = clinical
disease activity index; SDAI = simplified disease activity index; HAQ = health assessment questionnaire; EULAR
= European Alliance of Associations for Rheumatology; RAQoL = rheumatoid arthritis quality of life scale.

In the IDEA RCT, the combination of initial therapy with IFX + MTX po or MTX +
intravenous methylprednisolone achieved similar DAS28 remission rates at week 78: 50%
vs. 48% (p = 0.795); however, DAS28 remission was reached more quickly with IFX + MTX.
Although both groups obtained a high proportion of patients without radiographic pro-
gression, no differences were detected [24].

The HIT-HARD [26], GUEPAR [27], and OPERA [28] RCTs evaluated ADA as the
initial treatment for RA. The outcomes of the HIT HARD study at week 24 showed that
ADA + MTX sc was significantly superior to MTX sc in terms of DAS28, HAQ, and DAS28
remission (47.9% vs. 29.5%; p = 0.021), as well as in ACR 50 and ACR 70 responses [26].
From week 24, all patients received MTX sc monotherapy. Radiographic progression at
week 48 was significantly greater in patients who had received MTX sc monotherapy as the
initial treatment [26]. The OPERA study compared ADA po + MTX vs. MTX po [28]. At one
year of treatment, the combination ADA + MTX was significantly superior to MTX in terms
of DAS28-CRP, CDAI, SDAI, HAQ, ACR/EULAR28 and ACR/EULAR40, ACR50 and
ACR70 responses, and in remission, defined with DAS28, CDAI, SDAI, and ACR/EULAR.
The SF-12 questionnaire revealed a significant improvement in quality of life for physical
but not mental health, which was echoed in the EQ-5D (p = 0.015) [28]. Finally, the GUEPAR
study reported that initial treatment with ADA + MTX po was significantly superior at
3 months to MTX po in improving rigidity, ACR 20/50/70 response, good EULAR response
(63% vs. 25%), and DAS28 remission (36% vs. 12%). No differences existed between the
groups for pain, fatigue, or ESR [27].

For ETN, the EMPIRE study [29] included 110 patients with early-onset synovitis (41%
met RA criteria according to 1987 ACR criteria and 94% according to 2010 ACR-EULAR
criteria). At week 52 of treatment, 32.5% of patients with ETN + MTX po did not present
painful or swollen joints vs. 28.1% with MTX po (no statistically significant differences).
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Nor were any differences found in ACR remission, SDAI remission, DAS44-CRP, HAQ-DI,
SF-36, EQ5D-3L, radiographic progression, or in the variables assessed at week 72 [29].

There are 3 published good-quality RCTs on the initial treatment of RA with cer-
tolizumab pegol (CZP) [30–32]. The outcomes of C-EARLY show that the combination
CZP + MTX po is significantly superior to MTX po in controlling disease activity, sustaining
clinical response, functional improvement, and inhibiting radiographic progression. In
week 52, 28.9% of patients in the CZP + MTX group reached DAS28 remission: 28.9% vs.
15% for MTX (p < 0.001) [30]. The study also revealed significant differences in favour
of CZP + MTX in sustained low disease activity (DAS28 ≤ 3.2), ACR 50 response, func-
tioning, inhibition of radiographic progression, and both CDAI and SDAI remission. The
study went on to assess whether, for patients who had achieved sustained low disease
activity after 1 year of treatment with standard doses of CZP (200 mg/2 weeks) + MTX po,
continuing with a standard or optimised dose of CZP (200 mg/4 weeks) was superior to
interrupting CZP (and continuing with MTX po) for an additional period of 1 year (a total
of 104 weeks). At week 104, the proportion of patients with sustained low disease activity
was higher in the CZP-treated group, both at standard and optimised doses (48.8% and
53.2%) than in patients who continued with MTX (39.2%), although the differences were
only significant for the comparison of optimised dose vs. MTX (p = 0.041). The trend was
similar for inhibition of radiographic progression and physical functioning [32].

There are 3 articles available for TCZ, based on 2 studies. One good quality study,
U-Act-Early [33,34], and another moderate quality study [31]. TCZ as monotherapy or in
combination with MTX po were superior to MTX po in different outcome measures. At
week 24, almost double the number of patients receiving TCZ achieved DAS28 and CDAI
remission compared with MTX (86% and 83% with TCZ + MTX and TCZ, respectively, vs.
44% with MTX, p < 0.0001). The therapies with TCZ were also significantly superior to MTX
in terms of good EULAR response (89% vs. 87% vs. 49%), ACR (20/50/70/90 responses),
and HAQ. In week 104, little progression was observed in all groups, but it was significantly
lower in both TCZ arms than in the MTX po arm [34]. Patients in this study underwent an
additional follow-up of 3 years in real life. The data for effectiveness were sustained, with
no differences between the groups. During 5 years of follow-up, the accumulated time of
sustained remission was significantly higher in the groups that began therapy with TCZ
(median 216 and 190 days for the TCZ + MTX combination and TCZ, respectively) than for
MTX (median 172). However, no differences were observed in radiographic progression
between the groups [33].

2. Initial treatment with bDMARD should be considered, particularly for RA patients
with a high inflammatory load and/or other poor prognostic factors. Strengths of the
recommendation: High

Although RA is a heterogeneous, dynamic disease, different studies have shown that
the baseline presence of certain factors is associated with a worse prognosis in terms of
activity (e.g., remission) and radiographic damage [48]. Among these factors, we highlight
a positive rheumatoid factor (RF) and/or anti–citrullinated protein antibodies, high counts
of acute phase reactants, high disease activity (multiple inflamed joints, high activity index,
etc.), significant functional limitation, or the presence of erosion in imaging tests [48].

Most patients included in the RCT analysed presented poor prognostic factors at
baseline (see Table 2). The mean age of patients included was between 45 and 55 years, RF
positivity was occasionally even higher than 90%, the mean DAS28 in most cases was higher
than 5, and many patients presented structural damage in radiographic imaging [18–34].
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Table 2. Basal characteristics of RA patients in the included studies [18–34].

Age
(Years)

Women RA Duration RF+ ACPA+ RA Activity
Structural
Damage

IFX 45–55 60–71% 5–7.4 months 61–67% Hasta 90% DAS28 > 5 70%
ADA 46–56 63–79% 3–4.4 months 69–74% - DAS28 5.5–6.3 SHS 6.3–7.5
ETN 48 76% 7 months 53% 77% DAS28-CRP 4.17 mTTS 6.69–8.01
CZP 50–52 69–76% 3–7 months 72–97% - DAS28 6.7 77.3%
TCZ 53–55 61–76% 1 month 75% - DAS28 5.2 SHS 0

Abbreviations: RA = rheumatoid arthritis; RF = rheumatoid factor; ACPA = anti-citrullinated peptide antibodies;
IFX = infliximab; ADA = adalimumab; ETN = etanercept; CZP = certolizumab pegol; TCZ = tocilizumab;
DAS28 = disease activity score of 28 joints; CRP = C reactive protein; SHS = Sharp-van der Heijde index;
mTTS = modified Sharp-van der Heijde index.

On the other hand, early, aggressive treatment has been shown to improve the long-
term prognosis of this disease [49]. This therapy is associated with higher clinical response
rates, lower disability, and less structural damage [50,51]. Although a larger body of
specific evidence is necessary, in the BeSt study’s 10-year follow-up, patients who received
IFX + MTX showed less radiographic progression and better physical functioning than
patients following other strategies [23]. The data at 5 years for TCZ are similar [33], as are
the 10-year extension data for ADA of the PREMIER study (almost 30% of whose patients
had previously received csDMARD) [52]. However, it is important to consider each case
individually. The decision to use bDMARD as initial treatment should be discussed with
the patient, evaluating the potential risks and benefits of these drugs on a case-by-case basis.

3. If considering a TNF-alpha inhibitor as an initial treatment for RA, its use is rec-
ommended in combination with MTX, whereas if considering an IL6R inhibitor,
monotherapy is possible. Strength of the recommendation: Moderate

Most of the RCTs analysed included patients with MTX po either combined with a
TNF-alpha inhibitor or as monotherapy [18–25,27–32]. The studies used different doses and
regimens of MTX po, but the majority began with a dose of 7.5–10 mg/week, progressively
increasing each 2–4 weeks to a maximum of 30 mg/week; however, most studies used a
maximum dose of MTX between 15 and 20 mg/week.

As we have described, the use of MTX in combination with a TNF-alpha inhibitor is
an effective and safe initial treatment for RA [18–25,27–32]. Although we have not found
comparative evidence between TNF-alpha inhibitors for initial treatment as monotherapy
and in combination with MTX, based on publications referring to patients with refractory
RA, experts recommend the use of TNF-alpha inhibitors with MTX as the initial therapy [7].
In this context, as well as being more effective, MTX can prevent immunogenicity or reduce
the use of corticosteroids [53]. On the other hand, MTX po might be recommended because
it is the drug for which most evidence is available due to its lower price (cost-effectiveness).
However, it is important to remember that the bioavailability of parenteral MTX is higher
than that of MTX po, particularly at doses of ≥15 mg/week [54,55], and that in patients
with an inadequate response to orally administered MTX (15 mg/week), dose scaling using
parenteral MTX is more clinically effective [55,56]. Likewise, we should always consider
patient opinion and preference when making therapeutic decisions. So, in some cases, we
may consider the use of parenteral MTX with TNF-alpha inhibitors as the initial treatment.

On the other hand, there are considerable variations in the use of MTX in clinical
practice, including the initial dose, dose scaling, maximum dose, etc. [57,58]. A sub-analysis
of the AR Excellence study [59] highlighted these variations, finding that MTX scaling to
its full dose did not occur as quickly as it should and that there was not correct use of
parenteral MTX administration.

The outcomes reported for the use of IL6R as initial treatment [33,34] are similar to
those reported for patients with RA refractory to csDMARD, so its use can be considered
a monotherapy.
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4. Initial treatment of RA with bDMARD in monotherapy or in combination therapy is
safe. Strength of the recommendation: Moderate

Data on the safety of bDMARD as an initial treatment are similar to those reported in
studies on RA refractory to csDMARD [18–34]. It should be noted that the data analysed
is for RCTs with different follow-up periods and even changes in treatment within the
same study.

Infections are still the most frequent adverse event with the use of bDMARD as the
initial treatment for RA, although the percentage of severe infections is generally low and
similar to existing reports [18–34]. No new signs related to the active infection by hepatitis
or tuberculosis viruses were detected. Haematological adverse events are not very frequent,
and when they do occur, they are mild and reversible. An increase in liver enzymes is a
relatively frequent adverse event, but in most cases, it is mild [18–34]. There are exceptional
reports of severe cases but no clearly established causal relationship. Based on the data
from the included studies, the use of bDMARD as an initial treatment cannot be associated
with the development of any type of cancer [18–34]. A larger number of specific, long-term
studies on patients in real life are necessary to analyse this issue in greater depth.

On the other hand, the global percentage of adverse events of combinations of bD-
MARD with MTX in some studies is superior to that of MTX monotherapy, specifically
for certain types of adverse events such as infections [33], but combination has not been
associated with a higher risk of serious adverse events of any type.

5. Initial treatment of RA with biosimilars of TNF-alpha inhibitor biological drugs is
cost-effective and this specific variable should be included in treatment stratification.
Strength of the recommendation: Moderate

Clinical variables, along with patient opinion and preferences, are essential elements
in RA therapy decision-making. However, we must not forget the current healthcare
context and its sustainability. This is why the experts consider that the cost-effectiveness of
bDMARD is another important variable to take into account.

Different reports at international conferences have informed us about studies into
the cost-effectiveness of biological therapy treatment in Spain [60–62]. As no effective-
ness difference was seen, a cost minimization analysis was performed that showed that
currently the most cost-effective option for immune-mediated diseases such as Crohn’s
or RA is ADA [60,61]. Specifically in the case of RA, it represents the cheapest biological
therapy, with an estimated annual cost of 4650 euros vs. the 4650–10,000 euros for other
treatments [60].

In line with these data, a study on cost-effectiveness in Norway [63], where the
healthcare system promotes the use of biosimilars to reduce costs, found that since the
introduction of biosimilars, the number of RA patients receiving treatment with bDMARD
and small molecule inhibitors has increased from 39% in 2010 to 45% in 2019. The propor-
tion of patients who reached DAS28 also increased from 42% to 67%. However, the annual
cost of treating a patient with these therapies decreased by 47% [63].

Another pharmacoeconomic study from the perspective of the Italian national health
system found that for psoriasis patients, there is a high similarity in cost per responder
with two ADA biosimilars (MSB1102 and ABP 501) compared with MTX sc, with cost-
effectiveness closest at 52 weeks between MSB1102 (799 euros) and MTX sc (625 euros) [64].

Finally, a cost-effectiveness study on the efficiency of early treatment with biologi-
cals [65] found that for RA patients refractory to csDMARD, adding a biosimilar TNF-alpha
inhibitor to MTX at 6 months increased the total treatment cost by only £70, compared to
continuing MTX monotherapy and waiting until 12 months (price in pounds sterling for
2017) [65].
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4. Discussion

This project shows that the initial RA treatments of TNF-alpha inhibitors combined
with MTX and of IL6R (as monotherapy or in combination) are effective, efficient, and safe,
with data for effectiveness that in some cases surpasses csDMARD results [18–34].

For several reasons, including effectiveness, safety, cost-effectiveness, type of health-
care system, etc., the current strategy consists of starting treatment with csDMARD, ha-
bitually as a monotherapy. This review highlights that, in many cases, patients who
began an initial treatment with bDMARD presented better outcomes (considering activity,
physical functioning, PROs, quality of life, and image) than those who had done so with
csDMARD [18–34]. This suggests that the option should be considered in clinical practice.

It should be noted that most of the studies we excluded had a significantly high percent-
age (between 20 and 30%) of patients included who had previously used csDMARD [37–40].
This population may have characteristics and/or responses that are different from those of
csDMARD-naïve patients. The patients included in this review were experiencing early-
stage RA and had more than one variable for poor prognosis, and it is particularly for this
subset of patients that initial treatment with bDMARD should be considered [18–34] or at
the very least they should follow the current T2T strategy, changing stage in a short period
of time (a maximum of 3 months) to more effective therapeutic options. To the best of our
knowledge, there have been no similar initiatives in this field, and we consider that our
results may be of interest in clinical practise to manage the initial treatment of RA patients.

It is striking that national and international consensus documents do not consider
the use of bDMARD as an initial treatment for RA, citing various reasons, the foremost of
which is cost [10]. Bearing in mind the current context, in which the arrival of biosimilars
has brought a considerable reduction in the net cost of bDMARD [13], this position should
be reconsidered. But taking into account the risks with the use of bDMARDs, we consider
it very important to individualise the use of bDMARD as an initial treatment, trying to
select patients that might benefit most. In our opinion, this treatment strategy might be
particularly effective for RA patients with poor prognostic factors.

The evidence for initial treatment with ETN deserves particular comment, although we
can only draw conclusions based on one study, EMPIRE [29], which limits the robustness of
our conclusions. The study did not find differences between the combination ETN + MTX
and MTX monotherapy that were as consistent as those found in studies of other biologicals.
There are different factors that could explain these results. The study included 110 patients,
which is probably a small sample size (the calculation of the sample size was based on
radiographic criteria, not on RA activity, as in other RCTs). The patients presented early-
onset synovitis (some did not meet RA criteria), with data on activity and other severity
factors that were lower than the other studies included. This RCT also allowed the use of
MTX at comparatively higher doses than in other RCTs. All of these factors could cause the
study not to have reached statistical significance in many of the outcome variables.

Another point to note is that recommendations include the use of MTX po (vs. MTX
sc) in combination with bDMARD, both because more evidence is available and due to cost.
However, the option of MTX sc should be evaluated case by case since its bioavailability is
greater and the patient may prefer this route of administration [54,55].

Among the limitations of our work, we note that some of the studies included are
post-hoc analyses or exploratory studies, so their outcomes should be interpreted with
caution. Likewise, the inclusion of RCT means that the population consists of patients who
are not 100% representative of the general RA population seen in conventional clinical
practice. Finally, the lack of robust comparative data between combination therapy and
monotherapy of biologicals could weaken our findings.

5. Conclusions and Future Directions

Initial treatment with bDMARD in RA patients is effective, has an acceptable safety
profile, and, in our current context, should be considered, particularly for patients with poor
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prognostic factors. The final decision on RA treatment should be made on a case-by-case
basis and in consensus with patients.

On the other hand, more research is needed in order to expedite and optimise treatment
stratification by using advanced integrative modelling of complex health data (genetics,
biomarkers, clinical data, etc.).
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Abstract: Background/Aim: Baricitinib (BAR) is the first oral selective Janus kinase inhibitor ap-
proved in Europe for rheumatoid arthritis (RA). Real-world data are still needed to clarify its long-
term benefits/risk profile. This study aimed to evaluate the effectiveness, persistence, adherence,
and safety of BAR in a real-world setting. Methods: An ambispective study was conducted between
October 2017 and December 2021 in RA patients starting BAR. The effectiveness was evaluated,
assessing changes from the baseline of the Disease Activity Score using 28-joint counts-C reactive
protein (DAS28CRP), and the achievement of low disease activity/remission. Drug persistence was
evaluated using Kaplan–Meier analysis. Adherence was estimated using the medication posses-
sion ratio (MPR) and the 5-item Compliance Questionnaire for Rheumatology. Safety was assessed
determining global incidence proportion and adverse event adjusted incidence rates. Results: In
total, 61/64 recruited patients were finally analyzed, 83.6% were female, 78.7% were seropositive,
the mean age was 58.1 (15.4) years, and the disease duration was 13.9 (8.3) years. A total of 32.8% of
patients were naïve to biologics and 16.4% received BAR as monotherapy. The median exposure to
BAR was 12.4 (6.6–31.2) months (range 3.1–51.4). A significant change in DAS28CRP was observed
after treatment (difference −1.2, p = 0.000). 70.5% and 60.7% of patients achieved low disease activity
or remission, respectively, and 50.8% (31/61) remained on BAR throughout the follow-up, with a
median persistence of 31.2 (9.3–53.1) months. The average MPR was 0.96 (0.08) and all patients
exhibited “good adherence” according to the questionnaire. In total, 21.3% of patients discontinued
baricitinib due to toxicity. Conclusions: In our real-world practice, BAR demonstrated effectiveness,
large persistence, high adherence to treatment, and an acceptable safety profile.

Keywords: JAK-inhibitor; baricitinib; rheumatoid arthritis; real-word data; persistence; adherence;
safety; unmet needs

1. Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease, typically characterized by
polyarticular joint inflammation, with potential extra-articular involvement and frequent
comorbidities. The persistent inflammation produces a decrease in the patients’ functional
capacity and in their quality of life [1].
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The physiopathology of RA includes chronic synovial membrane inflammation with
the subsequent destruction of the joint cartilage and bone [2]. The current pathogenic
model proposes autoimmunity as the main disease trigger in genetically predisposed
individuals, resulting in the early presence of circulating auto-antibodies to environmental-
induced neoepitopes (anti-citrullinated protein antibodies [ACPAs] and antibodies against
immunoglobulin G, such as the rheumatoid factor [RF]) [2].

The main goal of RA treatment is to achieve remission or, at least, low disease activity
(LDA) through a “treat to target” strategy [1]. Briefly, disease activity target goals are
defined at disease onset, and this activity is tightly monitored, aiming to adjust treatment
until the predefined goals are achieved. Disease activity can be assessed using composite
indices, such as the Disease Activity Score, using 28-joint counts (DAS28), the Clinical
Disease Activity Index (CDAI), and the Simplified Disease Activity Index (SDAI) [1].

Current treatment guidelines for RA recommend conventional synthetic disease-
modifying anti-rheumatic drugs (csDMARDs) as the first step in treatment, and when
the treatment goals are not met, they endorse adding or switching to either a biologic
DMARD (bDMARD), or a targeted synthetic DMARD (tsDMARD) [3]. tsDMARDs inhibit
intracellular signaling pathways, specifically the Janus kinase/signal transducer and the
activator of the transcription (JAK-STAT) pathway. Baricitinib (BAR), which predominantly
inhibits JAK1 and JAK2 isoenzymes, was one of the first JAK inhibitors (JAKi) available for
RA treatment [4].

In randomized clinical trials (RCT), BAR demonstrated efficacy in patients naïve to
bDMARDs and in those with an inadequate response to csDMARDs or Tumor Necrosis
Factor inhibitors (TNFi) [5–7]. Furthermore, BAR, in combination with methotrexate (MTX),
achieved better results in some early disease activity outcomes than the combination of
MTX with adalimumab (ADA) [8].

The increasing incorporation of JAKi into RA therapy, as well as emerging safety
issues regarding tofacitinib [9] and even BAR [10], warrant more real-world data (RWD)
on effectiveness, safety, and persistence of BAR, in order to consolidate this drug as one
of the alternatives for RA treatment. In addition, since the complexity and chronicity of
anti-rheumatic treatment may influence adherence, monitoring adherence is mandatory to
identify adherence problems and tailor the interventions to solve them [11]. The lack of
medication compliance may lead to early treatment failure and the switch to more intensive
treatments. Therefore, this study was designed to evaluate the effectiveness, persistence,
adherence, and safety of BAR in a real-world setting.

2. Materials and Methods

2.1. Study Design and Population

This was a longitudinal ambispective chart review conducted between October 2017
and December 2021 in La Princesa University Hospital in Madrid, Spain (See Figure 1 for
study design). Patients eligible for inclusion were aged ≥18 years, diagnosed with RA
according to the American College of Rheumatology (ACR)/European League against
Rheumatism (EULAR) 2010 classification criteria [12], and had initiated BAR treatment
between October 2017 and June 2021. All consecutive patients whose BAR prescription
started within in this inclusion period were recruited for the study. The index date was
defined as the first BAR prescription date, and the follow-up was defined as the period
between the index date and death, loss to follow-up, or last chart review data, whichever
came first. The patient recruitment period lasted from September 2019 to June 2021 and
the chart review covered data collection from October 2017 to December 2021. For patients
who initiated BAR before September 2019, data were collected retrospectively until that
date; subsequently, these patients were followed together with the rest of the patients
until December 2021, to ensure that patients initiating BAR in June 2021 had a minimum
follow-up of 6 months. The population sample size was calculated based on data from our
hospital pharmacy electronic prescription records, where an average of 75 RA patients per
year were eligible to start on or switch to bDMARDs or JAK inhibitors (JAKi). Employing a
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confidence level of 95% and a margin of error of 5%, along with an expected loss of 10–15%
during the follow-up period, we determined that a sample size of 64–67 would adequately
represent our population.

Figure 1. Overall study design. The index date is defined as the first baricitinib prescription date. The
follow-up period is defined as the interval from the index date until the date of the final chart review,
or any event resulting in the early end of follow-up, treatment withdrawal, or loss to follow-up,
whichever comes first.

The indication for BAR did not include the recent recommendations from The Phar-
macovigilance Risk Assessment Committee (PRAC), endorsed by the European Medicines
Agency, to minimize the risk of serious side effects of JAKi, because they were published
after the end of the observation period [13].

2.2. Outcomes

The pre-defined primary endpoints for effectiveness were changes from the baseline
in DAS28-C reactive protein (CRP), and rates of low disease activity (LDA) (2.6 < DAS28-
erytrocyte sedimentation rate [ESR] ≤ 3.2), and disease remission (DAS28CRP < 2.6) [14] at
months 6, 12, 24, and at the end of follow-up. As the secondary endpoint, rates of EULAR
response at the end of the follow-up were also assessed. The DAS28CRP score was chosen
to evaluate effectiveness, based on EULAR/ACR recommendations for defining RA activity
in studies with patients and its widespread use in clinical practice [15].

The primary endpoints for treatment persistence were the number of days on BAR
treatment until discontinuation or the end of follow-up period (compiled from electronic
prescribing and dispensing records) [16] and the rate of patients who maintained BAR
at 6, 12, 24, 36, and 48 months and at the end of follow-up period. In addition to overall
persistence, the median persistence was differentially assessed in patients who discontinued
treatment due to a loss of effectiveness or to toxicity. Adherence was calculated using two
methods. The first method was the assessment of the medication possession ratio (MPR),
defined as the sum of the days’ supply for all fills of the drug in a given time period divided
by the number of days in this period (compiled from electronic prescribing and dispensing
records). Patients were considered adherent when their MPR was ≥0.8 [17]. The second
method was the 5-item Compliance Questionnaire for Rheumatology (CQR5), a simplified
and validated Spanish version of the 19-item CQR [18–20]. This questionnaire was only
applied to patients with a prospective follow-up.

To evaluate safety, the global incidence proportion (IP) and adjusted incidence rate
(IR) per 100 patient years (PY) of adverse events (AEs) were calculated. Deviations in
laboratory values were defined according to the specifications in the BAR summary of
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product characteristics [21]. AEs were classified according to the Common Terminology
Criteria for Adverse Events (CTCAE) Version 5.0 [22].

2.3. Statistical Analysis

Summary statistics are expressed as means (standard deviation) or medians (25–75
interquartile range [IQR]) for quantitative variables, or n (percentage) for qualitative vari-
ables. Paired analyses of DAS28CRP and laboratory values were performed using the
Wilcoxon signed-rank test. Stratified analyses for disease activity and persistence were
performed using the Pearson’s chi-squared test in different subgroups according to: the
presence/absence of RF and/or ACPAs, previous exposure to bDMARDs or JAKi, and
combination treatment with csDMARDs or BAR monotherapy. Kaplan–Meier curves were
plotted for the evaluation of BAR persistence. SPSS version 22.0 was used.

3. Results

3.1. Baseline Population Demographics and Treatments Patterns

In total, 64 patients started treatment with BAR during the inclusion period, although
only 61 fulfilled the inclusion criteria and were included in the statistical analysis. A total
of 15 patients initiated BAR before the prospective study started and 13 discontinued
treatment until that date. Therefore, those data were collected retrospectively.

Baseline demographics and clinical characteristics are shown in Table 1. Most patients
were female, 51/61 (83.6%), with a mean (SD) age at initiation of BAR of 58.1 (15.4) years
and a mean RA disease duration of 13.9 (8.3) years. In total, 48 (78.7%) patients were
positive for RF and/or ACPA, and more than a half, 34/61 (55.7%), had erosive disease. In
total, 30 (49.1%) patients were under glucocorticoid treatment when BAR treatment started.

Table 1. Baseline characteristics of the study population (n = 61).

Gender (n, % female) 51 (83.6)
Age at initiation of BAR (years, mean, SD) 58.1 (15.4)
Disease duration (years, mean, SD) 13.9 (8.3)
RF positive (n, %) 47 (77.0)
ACPAs positive (n, %) 43 (70.5)
Erosive disease (n, %) 34 (55.7)
Extra-articular disease (n, %) 26 (42.6)

Rheumatic nodules 10 (16.4)
Sjögren syndrome 7 (11.5)
Interstitial pneumonitis 4 (6.6)
Neuropathies 2 (3.3)
Peripheral ulcerative keratitis 1 (1.6)
Raynaud syndrome 1 (1.6)
Felty syndrome 1 (1.6)

Glucocorticoid treatment (n, %) 30 (49.1)
Naïve to bDMARDs or JAKi treatment (n, %) 20 (32.8)
Previous exposure to bDMARDs or JAKi (n, %) 41 (67.2)

Number or previous bDMARDs
One previous bDMARD 6 (9.8)
Two previous bDMARDs 14 (23.0)
Three previous bDMARDs 8 (13.1)
Four previous bDMARDs 7 (11.5)
Five previous bDMARDs 2 (3.3)
Six previous bDMARDs 2 (3.3)
Seven previous bDMARDs 1 (1.6)
Eight previous bDMARD 1 (1.6)
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Table 1. Cont.

Type of previous bDMARDs
TNFi 41 (67.2)
IL-6Ri 18 (29.1)
CTLA4-Ig 19 (31.1)
Anti-CD20 B cell depletion 21 (34.4)

Previous exposure to one JAKi (tofacitinib) (n, %) 7 (11.5)

BAR monotherapy (n, %) 10 (16.4)

BAR in combination with csDMARDs 51 (83.6)
Methotrexate 31 (50.8)
Leflunomide 14 (23.0)
Hydroxychloroquine 3 (4.9)
Sulfasalazine 2 (3.3)
Methotrexate plus leflunomide 1 (1.6)

Baseline DAS28CRP (mean, SD) 3.9 (0.9)
Baseline ESR (mml/h, mean, SD) 27.8 (23.2)
Baseline CRP (mg/dL, mean, SD) 2.0 (4.8)

ACPAs: Anti-citrullinated protein antibodies; BAR: baricitinib; bDMARDs: biologic disease-modifying anti-
rheumatic drugs; csDMARDs: conventional synthetic disease-modifying anti-rheumatic drugs; DAS28CRP: Dis-
ease activity score using 28-joint counts-C reactive protein; ESR: Erythrocyte sedimentation rate; IL-6Ri: IL6
receptor inhibitors; RF: Rheumatoid factor; SD: Standard deviation; TNFi: TNF inhibitors.

Regarding previous exposure to bDMARDs, 20 (32.8%) patients were naïve to bD-
MARDs or JAKi, and the median (25–75 IQR) number of previous bDMARDs or JAKi was
2 (0–4). Among patients with previous exposure to b/sdDMARDs (41/61), all patients
had been treated with TNFi, while approximately one third of the overall population
was first exposed to different non-TNF biologic targeted therapies (Table 1). A total of
7 (11.5%) patients had experienced previous failure to one JAKi, tofacitinib. Regarding
combination treatment, 51 (83.6%) patients had used BAR in combination with csDMARDs.
The mean follow-up time of the study population was 19.1 (1.4) months with a range of
3.1–51.4 months.

3.2. Effectiveness

A significant change in DAS28CRP was observed at the end of the follow-up period
(difference of 1.2, p = 0.000) (Table 2). The median exposure to BAR was 12.4 (6.6–31.2) months.

Table 2. Variation in disease activity and laboratory parameters under baricitinib treatment.

Baseline Final p

DAS28CRP (average, SD) 3.9 (0.9) 2.7 (1.3) 0.000

CRP (mg/dL, average, SD) 2.0 (4.8) 1.1 (1.7) 0.105

ESR (mml/h, average, SD) 29.0 (23,2) 25.7 (22.9) 0.604

Lymphocyte count (cells/mm3, mean, SD) 2641 (1501) 2482.6 (1505) 0.154

Neutrophil count (cells/mm3, mean, SD) 4198 (2126) 4157 (2132) 0.865

Hemoglobin (g/dL, mean, SD) 13.5 (1.5) 12.9 (1.4) 0.000
DAS28CRP: Disease activity score using 28-joint counts-C reactive protein; SD: Standard deviation; ESR: Erythro-
cyte sedimentation rate.

According to DAS28CRP, 37/61 (60.7%) patients achieved disease remission, whereas
43/61 (70.5%) achieved LDA along the follow-up period. The evolution of DAS28CRP
along the follow-up period and the proportion of patients who achieved disease remission
or LDA at months 6, 12, and 24 are shown in Figure 2.
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Figure 2. Baricitinib effectiveness. Change in disease activity from the baseline, assessed by the
disease activity score using 28-joint counts-C reactive protein (a) and the proportion of patients who
achieved disease remission or low disease activity at months 6, 12, and 24 (b). DAS28CRP: Disease
activity score using 28-joint counts-C reactive protein; SD: standard deviation; LDA: low disease ac-
tivity.

At the end of the follow-up period, 33/61 (54.1%) patients exhibited good response, 10/61
(16.4%) moderate response, and 18/61 (29.5%) no response according to EULAR criteria.

Combined LDA/remission rates under BAR treatment were similar in patients with
RF and/or ACPA positive status and in those with a negative status, (70.8% [34/48] vs.
69.2% [9/13] [p = 0.911]). Notably, LDA/remission rates were significantly higher in
bDMARDs/JAKi-naïve patients compared to previously exposed patients, (95.0% [19/20]
vs. 58.5% [24/41], respectively [p = 0.014]). According to the number of previous bD-
MARDs/JAKi, global LDA/remission rates varied from 95.0% (19/20) in bDMARDs/JAKi-
naïve patients to 66.7% (4/6) in patients with one previous bDMARDs/JAKi, and 57.1%
(20/35) in patients with two or more previous drugs (p = 0.040). Finally, no significant differ-

57



J. Clin. Med. 2024, 13, 2517

ences were found between patients on monotherapy with BAR and patients on combination
regimen with csDMARDs, 70.0% (7/10) vs. 70.6% (36/51), respectively (p = 0.970).

3.3. Persistence

In total, 31 (31/61, 50.8%) patients remained on treatment with BAR at the end of the
follow-up period, with a mean time on treatment of 12.4 (6.6–31.2) months and a median
persistence of 31.2 (9.3–53.1) months. The Kaplan–Meier curves for the global population
and those stratified according to the cause of BAR discontinuation are shown in Figure 3.

Figure 3. Baricitinib persistence. Drug retention in the global population (n = 61) (a); in patients who
discontinued treatment due to loss of effectiveness (n = 16) (b), or due to intolerance/safety issues
(n = 10) (c). CI: confidence interval.

During follow-up, BAR treatment was discontinued in 16/61 (26.2%) patients due to
the lack of effectiveness, and in 13/61 (21.3%) patients due to intolerance/safety issues.
Finally, 1/61 (1.6%) patient ended BAR treatment by their own decision. The retention
rates at different time points are shown in Figure 4.

The stratified analysis of persistence according to the presence/absence of RF and/or
ACPAs, previous exposure to bDMARDs or JAKi, and in combination treatment with csD-
MARDs or BAR monotherapy is shown in Figure 5. The log-rank test indicated a significant
difference only in the stratified analysis by previous exposure to bDMARDs/JAKi: median
persistence was not obtained in naïve patients (the median could not be calculated as it did
not reach a 0.5 probability) vs. 11.2 (0.1–25.4) months in the group of patients with prior
exposure (p = 0.039).
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Figure 4. Retention rates of baricitinib treatment at different time points.

Figure 5. Baricitinib persistence in different subgroups according to: (A) the presence/absence of the
rheumatoid factor and/or anti-citrullinated protein antibodies; (B) previous exposure to bDMARDs
or JAKi; (C) and combination treatment with csDMARDs or baricitinib monotherapy. The log-rank
test was used to compare Kaplan–Meier curves. CI: confidence interval; csDMARDs: conventional
synthetic disease-modifying anti-rheumatic drugs, bDMARDs: biological disease-modifying anti-
rheumatic drugs; JAKi: Janus Kinase inhibitors.
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3.4. Adherence

The average MPR of all patients was 0.96 (0.08). According to this parameter, all
patients but one were adherent to treatment. In total, 46 patients in the prospective study
completed the CQR5 questionnaire, and all of them were considered “good adherents”.

3.5. Safety

AEs occurred in 40/61 (65.6%) patients, with an IR per 100 PY of 15.2 (95% CI
15.4–15.1), while severe AEs (SAEs) occurred in 9/61 (14.8%) patients, with an IR per
100 PY of 3.5 (3.3–3.7) (Table 3).

Table 3. Adverse events during baricitinib exposure.

IP (n, %) IR per 100 PY (95% CI)

Patients with any AE (Total AEs = 104) 40/61 (65.6) 15.2 (15.1–15.3)

Anemia 24/61 (39.3) 9.1 (9.0–9.2)

Any infection 22/61 (36.1) 8.4 (8.2–8.6)
Herpes Zoster 7/61 (11.5) 2.7 (2.4–3.0)
URTI 7/61 (11.5) 2.7 (2.4–3.0)
Skin and soft tissue infection 5/61 (8.2) 1.9 (1.7–2.1)
Bacterial pneumonia 3/61 (4.9) 1.1 (0.8–1.4)
Influenza A 2/61 (3.3) 0.8 (0.6–1.0)
Oral herpes simple 2/61 (3.3) 0.8 (0.6–1.0)

Hypercholesterolemia 20/61 (32.8) 7.6 (7.4–7.8)
Abnormal liver enzymes (ALT or AST) 19/61 (31.1) 7.2 (6.9–7.5)
Nausea and vomiting 4/61 (6.6) 1.5 (1.3–1.7)
Cancer 3/61 (4.9) 1.1 (0.8–1.4)
Alopecia 2/61 (3.3) 0.8 (0.6–1.0)
Skin disorders 2/61 (3.3) 0.8 (0.6–1.0)
Asthenia 2/61 (3.3) 0.8 (0.6–1.0)
Weight gain 1/61 (1.6) 0.4 (0.2–0.6)
Venous thrombotic event 1/61 (1.6) 0.4 (0.2–0.6)
Hypertriglyceridemia 1/61 (1.6) 0.4 (0.2–0.6)
Rhabdomyolysis 1/61 (1.6) 0.4 (0.2–0.6)
Platelet increase 1/61 (1.6) 0.4 (0.2–0.6)

Patients with SAEs (Grade 3–4)
(Total SAEs = 11)

9/61 (14.8) 3.5 (3.3–3.7)

Bacterial pneumonia with intravenous
treatment 3/61 (4.9) 1.1 (0.8–1.4)

Cancer 3/61 (4.9) 1.1 (0.8–1.4)
Abnormal liver enzymes (ALT or AST) 1/61 (1.6) 0.4 (0.2–0.6)
Venous thrombotic event 1/61 (1.6) 0.4 (0.2–0.6)
Hypertriglyceridemia 1/61 (1.6) 0.4 (0.2–0.6)
Skin disorders (Urticaria) 1/61 (1.6) 0.4 (0.2–0.6)
Platelet increase 1/61 (1.6) 0.4 (0.2–0.6)

IP: incidence proportion; IR: incidence rate; PY: patient-year; CI: Confidence interval; AEs: adverse events; SAEs: se-
vere AEs; URTI: upper respiratory tract infection; ALT: alanine transaminase; AST: aspartate transaminase.

The most prevalent AEs were anemia in 24/61 (39.3%) patients, infection in 22/61
(36.1%), hypercholesterolemia in 20/61 (32.8%), and abnormal liver enzymes in 19/61
(31.1%). Herpes Zoster (HZ) infection occurred in 7/61 (11.5%) patients (Table 3). Regarding
laboratory parameters during BAR treatment, significant changes from the baseline values
were only found in mean hemoglobin concentration (13.5 [1.5] g/dL vs. 12.9 [1.4] g/dL,
p = 0.000) (Table 2).

A total of 13 out of 61 (21.3%) patients discontinued BAR treatment due to toxicity.
Three of them discontinued treatment due to HZ infection; three due to cancer (two lung
carcinoma and one breast carcinoma), two due to grade 2 anemia; two due to grade
2 abnormal liver enzymes; one patient due to grade 4 hypertriglyceridemia, grade 4
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abnormal liver enzymes, and grade 3 urticaria; one patient due to increased platelet count
(>1,000,000 cells/mm3); and one patient due to central retinal vein occlusion. No deaths
were recorded.

4. Discussion

The main findings in our study were the high rates of effectiveness, persistence, and
adherence of BAR in a long-standing and mostly bDMARD experienced population with
a significant proportion of seropositivity and erosive disease; nonetheless, biologic-naïve
patients achieved a better response to BAR treatment.

BAR has recently been incorporated into RA therapy after favorable efficacy results in
randomized clinical trials [5–8]. In clinical practice, BAR has been postulated as one of the
alternatives for unmet therapeutic needs in RA patients; in addition, recent safety concerns
with tofacitinib [9] have led regulatory agencies to endorse measures to minimize risks in
all JAKi treatments for chronic inflammatory diseases [13,23]. Accordingly, a repurposing
of these drugs in the RA armamentarium, at least in some subpopulations, has emerged.
Our safety data from a population not selected following current recommendations may
provide additional information to that on published RWD on BAR treatment [4,24,25].
Unlike most real-world studies, we provide long-term safety data as adjusted incidence
rates (IR) per 100 patient years, demonstrating an acceptable safety profile of BAR.

The characteristics of our patients (age around 60 years, long-standing RA with poor
prognostic factors and few patients naïve to biologics or JAKi) are in line with most of
the compiled real-world evidence [4,25]. In contrast, our use of BAR in monotherapy is
less frequent than that of most published studies, which also show wide geographical
heterogeneity [4].

Regarding effectiveness, a recent systematic review of BAR RWD reveals that most of
the studies report LDA/disease remission rates after a six-month follow-up [25]. Herein we
report high rates of LDA/disease remission in extended timeframes, in accordance with the
results of a long-term study [26], as well as EULAR response at the end of follow-up. The
rapid decrease in DAS28CRP was detected in the first six months, which led to sustained
remission, i.e., more than 70% of patients in remission at 6 months of follow-up and more
than 90% at 12 or successive months. These findings corroborate the effectiveness of BAR
observed in other real-world studies [27–36].

BAR treatment effectiveness was not significantly affected by the presence of RF
and/or ACPAs, nor by combination treatment with csDMARDs, in accordance with studies
by Takahasi et al. [27] and Guidelli et al. [37], but contrary to results from Iwamoto et al. [28],
in which patients on combination treatment with MTX achieved a better response. In
our study, patients naïve to bDMARDs or JAKi treatment had higher LDA and disease
remission rates than patients with previous exposure to bDMARDs, in line with previous
studies [27,28,36,37]. Therefore, this result supports that bDMARD- naïve patients may
benefit more from BAR treatment.

In our population, persistence at four years of follow-up was large; median time to
BAR discontinuation was 31 months, and half of the patients remained on treatment at
the end of follow-up. Retention rates at 6, 12, and 24 months were 80, 62.5, and 50%,
respectively, similar to those described in other observational studies [27,29–32,36,38–41],
while Japanese [42] and two Italian cohorts [43,44] showed BAR´ survival rates at 2 years
higher than 70%. Beyond this time point, available RWD are limited [26,43,44]. In our
study, about 40% of the refractory patients who completed the 36- or 48-month follow-up
were still on treatment. In improving these results, a recent retrospective multicenter Italian
study with 478 patients observed a persistence rate of 53.4% at 48 months [44]. However,
compared to our population, this cohort had a lower disease duration (78 months (32–163)),
lower seropositivity for RF and ACPA (60.1% and 55.2%, respectively), and fewer patients
were exposed to TNFi (34%) or biologics with other mechanisms of action (1.7–17.6%
for different drugs) [44]. All this data pointed to a more severe or multidrug-resistant
population in our study. In this regard, a long-term extension study from Smolen et al. [26]
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described a lower discontinuation rate of BAR at 36 months, although in this study the
patients were recruited in RCTs and were naïve to ts/b or even csDMARDs, reflecting a
selected population far from the context of RWD studies.

The Kaplan–Meier curve of persistence in patients who discontinued BAR treatment
due to a lack of effectiveness showed a rapid initial decrease followed by a stabilization
in the following months. This pattern indicates that most discontinuations due to lack of
effectiveness were due to primary failure, as they occurred in the first months of treatment,
in accordance with results of other studies [27,30,40]. Treatment discontinuations due
to toxicity were more gradual over time. Our discontinuation rates related with a lack
of effectiveness or adverse events match those in other studies [36,42–44] and are also
consistent with descriptions across different JAKi [29,42,45].

The median persistence was much bigger in bDMARD- or JAKi-naïve patients than
in those with prior exposure to bDMARDs or JAKi, in accordance with previous data
reported in larger Spanish [31] and Italian cohorts [44] and with the conclusions of an
exhaustive review of real-world studies [4]. In contrast, in the retrospective Japanese
ANSWER cohort [42], the number of prior bDMARDs or JAKi did not affect JAKi (BAR
and tofacitinib) retention, in accordance with other studies analyzing overall persistence
of several JAKi [42,45]. However, concerning the type of prior biologic therapy, the use of
IL-6Ri has been postulated as a potential risk factor for the early discontinuation of JAKi
due to inefficacy [42,45].

In our study, statistical significance was not reached in the stratified analysis according
to presence/absence of RF/ACPA, and we cannot rule out that the population size was
behind these results. Indeed, the median persistence was much bigger in patients with
seropositive status than in those with seronegative status (44.0 vs. 9.7 months). Interestingly,
a similar trend in persistence associated with seropositive status was also described in
a Spanish multicenter cohort [31], which reached statistical significance in a multicenter
Italian study [37]. However, this finding was not corroborated in a recent single-center
study [43] and, therefore, further research is warranted to clarify this discrepancy. Finally,
no difference in persistence was found in the stratified analysis in patients with BAR
monotherapy or combination treatment with csDMARDs, also in accordance with previous
reports [28,31,42].

The adherence to treatment, assessed by RMP and CQR5, was high, close to 100%.
These results are in contrast with a recent US experience [46] reporting only 31.8% of
patients with good adherence to BAR (defined as proportion of days covered [PDC] ≥ 80%)
and the poor adherence to oral RA treatment determined in a study conducted in Spain
with csDMARDs [47]. In accordance with our findings, a high adherence to both JAKi (BAR
and tofacitinib) was demonstrated in the study of Codes-Mendez et al. [48], suggesting
that a good tolerance and rapid abrogation of symptoms can improve patient compliance
with treatment. Nonetheless, due to the high adherence rates, no comparison between
effectiveness and adherence was performed in our population.

Concerning safety, more than half of our patients reported AEs. However, most
of them were moderate, leading to BAR discontinuation in thirteen patients and SAE
occurrence in nine patients. To adjust for population size and exposure time, our safety
data are shown as incidence rate per 100 PY. Comparison with similar published real-world
studies is challenging as they are cohorts with limited sample sizes or shorter follow-up
periods than ours and do not estimate incidence rates per PY [25]. Therefore, for SAEs we
must use publications of national databases or registries, bearing in mind that our values
reflect crude and not standardized IRs. In our study, the AE with the highest IR per 100 PY
was anemia. In contrast to findings by Takahashi et al. [27], and Deprez et al. [38], which
reported the normalization of hemoglobin values after a decrease in the first months of
treatment, we observed a significant decrease in hemoglobin values along the follow-up
that never led to BAR discontinuation. Regarding infections, HZ was the most common
reported infection and one of the main causes of BAR discontinuation, similarly to other
publications [8,27,28,49–52], although none of these infections were considered SAE. It
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should be noted that all but one patient with HZ were under glucocorticoid treatment at the
time of infection. Indeed, glucocorticoid treatment and older age have been described as risk
factors for HZ and other infections [53]. Vaccination against HZ is currently recommended
for all patients prior to the initiation of JAKi treatment and could be considered for those
already on treatment [54]. Only bacterial pneumonia was considered a serious infection
with an IR per 100 PY of 1.1 (0.8–1.4), which ranges within the lowest SAE rates for BAR
reported by Salinas et.al in a meta-analysis of multi-databases using disease registries and
claims [55], although we used crude and not standardized adjusted IRs.

Regarding cardiovascular SAEs, in addition to findings with tofacitinib in the oral
surveillance trial for RA [9], several RWD studies with JAKi have observed an increased risk
of major adverse cardiovascular events (MACE) or thromboembolism in elderly patients
with certain cardiovascular risk factors [55–57]. No MACE was recorded in our cohort and
only one venous thrombotic event was observed in line with standardized incidence rates
described by Uchida et al. [53] or in the meta-analysis published by Salinas et al. [55].

Three patients discontinued BAR due to a new diagnosis of cancer, with a crude IR per
100 PY of 1.1 (0.8–1.4), consistent with known data from RWD studies [35,50,52,53,55,58]. The
two patients with lung carcinoma were ≥65 years old and smokers, two conditions in which
treatment with BAR would not have been initiated following current recommendations.

To conclude, despite the severity of RA in our population, we have not found any
increase in SAEs compared to the safety profile reported in RWD studies. However, given
recent recommendations, it is necessary to assess inter-individual risk/benefit ratio at the
initiation of BAR treatment.

This study has some limitations. First, those related to the non-interventional, ambis-
pective design. Second, the limited sample size; we cannot rule out that a larger population
could have provided significant differences in some outcomes of the stratified group analy-
sis. Third, the single center population can limit the generalization of the results, although
our findings are consistent with those reported in multicenter experiences in our coun-
try [31]. Finally, we did not collect information on the smoking status, body mass index,
or other confounding variables that could interfere with the therapeutic response [59] or
interpretation of safety data.

5. Conclusions

In this real-world study, BAR was mainly used in patients with moderate, erosive,
seropositive, long-standing RA, previously exposed to more than one b/tsDMARDs. These
characteristics have been associated with more severe disease and a greater difficulty in
reaching the therapeutic target. Despite this, BAR can provide significant benefits in several
outcomes in RA patients, even in those with long-standing, severe, and refractory disease.
However, patients without previous exposure to biologics appear to benefit more from
the drug. A good adherence and the acceptable safety profile of BAR contribute to a
high persistence. Together with considering safety concerns, which are mandatory in the
selection of treatment candidates, all previous data support a good risk/benefit ratio of
BAR in daily clinical practice. Additional prospective studies with a greater sample size
are needed to confirm these findings.
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Abstract: Background: There is evidence suggesting the existence of sex differences in the effective-
ness of specific drug classes for rheumatoid arthritis (RA). Our study stands as the first to elucidate
sex-related differences in the effectiveness of Janus kinase (JAK) inhibitors. Methods: The study
involved 150 RA patients treated with tofacitinib, baricitinib, upadacitinib, or filgotinib between
September 2017 and October 2023. Sex differences in achieving remission and low disease activity
(LDA) were identified through logistic regression analyses. Sex disparities in treatment effectiveness
survival were evaluated through the Kaplan–Meier estimate, employing the log-rank test for compar-
ison. The Cox model was applied to analyze the variable sex as a potential factor that could influence
the maintenance of the JAK inhibitor treatment effectiveness. Results: Concerning the achievement
of remission and LDA, no differences were observed between sexes in terms of the 28-joint Disease
Activity Score (DAS28) C-reactive protein (CRP), the Clinical Disease Activity Index (CDAI), and
the Simplified Disease Activity Index (SDAI). With respect to the DAS28-erythrocyte sedimentation
rate (ESR), female patients, compared to males, possessed 70% lower odds of achieving remission
(p = 0.018) and 66% lower odds of achieving LDA (p = 0.023). No differences were observed in
treatment effectiveness survival between sexes (p = 0.703). Sex was not found to influence the survival
of JAK inhibitor treatment effectiveness (p = 0.704). Conclusions: Being a female or male patient
does not entail differences in the effectiveness of the JAK inhibitor treatment. Our findings encourage
the consideration of a global pool of composite indices (DAS28-ESR/CRP, CDAI, SDAI) to measure
RA disease activity, thus individualizing the target value as advocated by the treat-to-target strategy.

Keywords: rheumatoid arthritis; Janus kinase inhibitor; tofacitinib; baricitinib; upadacitinib; filgotinib;
treat-to-target; treatment effectiveness; sex-related differences

1. Introduction

Rheumatoid arthritis is a chronic inflammatory autoimmune disease that predomi-
nantly affects female more than male patients, typically represented in a 3:1 sex ratio [1].
Although the reason for this sexual disparity is not fully understood, multiple elements
could potentially play a pathogenic role in rheumatoid arthritis.

According to the treat-to-target (T2T) strategy, the assessment of disease activity is
required in routine clinical practice to guide treatment decisions [2,3]. To date, four vali-
dated composite measures are all applicable for this purpose. In 1995, the 28-joint Disease
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Activity Score (DAS28) was validated as a composite measure, using the erythrocyte sedi-
mentation rate (ESR) as an inflammatory marker [4]. In 2004, the C-reactive protein (CRP)
was included in the DAS28-CRP [5]. Finally, the Clinical Disease Activity Index (CDAI) and
the Simplified Disease Activity Index (SDAI) emerged as the two other simplified validated
measures, widely accepted in clinical practice [6]. Achieving clinical remission, or at least
low disease activity, constitutes the primary target for rheumatoid arthritis treatment, as
defined by the T2T recommendations [2,3] and advocated by several rheumatoid arthritis
guidelines [7–9].

In light of these shared treatment targets between sexes, it has been suggested that
female patients with rheumatoid arthritis tend to exhibit worse responses to biologic
Disease-Modifying Antirheumatic Drugs (bDMARDs) compared to males [10–12]. Previous
studies have considered being male as a predictive factor for achieving remission in the
bDMARD treatment [13,14]. However, the magnitude of these sex disparities could differ
depending on the specific drug class. Biological mechanisms related to sex, including
immune profiles, could contribute to diverse treatment responses across the different
rheumatoid arthritis drug classes.

The therapeutic arsenal for moderate to severe active rheumatoid arthritis has recently
evolved to the regular use of targeted synthetic (ts) DMARDs (tsDMARDs), i.e., the Janus
kinase (JAK) inhibitors, such as tofacitinib, baricitinib, upadacitinib, or filgotinib. Due to
the fact that JAK inhibitors are the most recent drug class for rheumatoid arthritis treatment
(Figure 1), it is notable how little published literature exists addressing sex disparities.
The goal of the present study was to assess sex-related differences in the effectiveness of
JAK inhibitor treatment in rheumatoid arthritis patients. The results may enhance the
understanding of how sex, as a patient-related factor, might influence the JAK inhibitor
treatment in rheumatoid arthritis.

 

Figure 1. The mechanism of action of Janus kinase (JAK) inhibitors: tofacitinib, baricitinib, upadaci-
tinib, and filgotinib. An extracellular recognition of cytokines and growth factors by their receptors
leads to the intracellular phosphorylation of JAK enzymes. The involvement of specific JAKs (JAK1,
JAK2, JAK3, and tyrosine kinase 2, TYK2) depends on their selective interactions with cytokine-
receptor families. Activated JAKs phosphorylate the receptors, facilitating the recruitment and
activation of signal transducer and activator of transcription (STAT) factors. Intracellular signals are
transmitted through JAKs and seven STAT family members (STAT1-4, STAT5A, STAT5B, and STAT6)
that promote transcription. JAK inhibitors mitigate cytokine effects by inhibiting the JAK-STAT
signaling pathway.
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2. Materials and Methods

2.1. Study Design and Patient Population

An observational retrospective study was conducted in a university hospital, which
included real-world patients (aged ≥ 18 years) diagnosed according to the 2010 Ameri-
can College of Rheumatology (ACR)—European League Against Rheumatism (EULAR)
classification criteria for rheumatoid arthritis [15]. All patients included were individually
informed about the study protocol and were given the option to decline the extraction of
data. Clinical data were collected from electronic medical records in October 2023. All
patients were treated with either tofacitinib, baricitinib, upadacitinib, or filgotinib between
September 2017 and October 2023.

2.2. Assessments

The exposure of interest of the study was focused on the sex of patients, categorized
as female and male. The primary outcome was to assess sex differences in achieving both
remission and low disease activity at the first 6 months of the JAK inhibitor treatment. This
specific time frame, up to the first 6 months of treatment, was deemed appropriate for
evaluating the primary outcome. According to the ACR-EULAR recommendations [7–9], if
the T2T goal is not achieved within the first 6 months, a change in the treatment strategy
should be considered. The secondary outcome was to determine sex disparities in the sur-
vival of the JAK inhibitor treatment effectiveness by analyzing the treatment retention. The
retention of treatment was described as the time period from the treatment initiation and
the definitive treatment discontinuation. With respect to disease activity, it was categorized
based on the updated recommendations from the ACR [16], into remission, low disease
activity, moderate disease activity, and high disease activity. Remission was determined by
DAS28-ESR < 2.6, DAS28-CRP < 2.4, CDAI ≤ 2.8, and SDAI ≤ 3.3. Low disease activity
was defined as DAS28-ESR < 3.2, DAS28-CRP < 2.9, and CDAI ≤ 10, SDAI ≤ 11.

2.3. Statistical Analyses

Demographic and clinical patient characteristics were separately detailed by sex.
Differences between female and male patients were evaluated using the Mann–Whitney
test (for ordinal or quantitative variables) and Fisher’s exact test (for categorical variables).
Ordinal and quantitative variables are presented using the median and the interquartile
range (IQR). Categorical variables are described as absolute number (n) and percentage (%).

The percentages of female and male patients achieving remission and low disease
activity were determined at the first 6 months of the JAK inhibitor treatment. In order
to evaluate the probability of attaining the study outcomes in female patients compared
to males (control group), logistic regression analyses were conducted. Both crude and
adjusted analyses for JAK inhibitor type, concomitant GC use, and concomitant csDMARD
use were performed. All covariates that were statistically significant (p < 0.05) or exhibited
borderline significance (p < 0.1 and >0.05) in the crude analyses were included in the
adjusted analyses.

The JAK inhibitor retention due to the lack of treatment effectiveness was examined
through the Kaplan–Meier estimate and the Cox proportional hazard regression model. The
Kaplan–Meier estimate, for the discontinuation reason of lack of treatment effectiveness,
was employed to evaluate the survival curves of female and male patients, with the log-
rank test used for comparison. The bivariate Cox model was applied to analyze the variable
sex as a potential factor that could influence that retention of the JAK inhibitor treatment.

The statistical analyses were performed utilizing STATA software version 12. A p-value
of <0.05 was considered statistically significant.

2.4. Ethics Approval and Consent to Participate

Approval was obtained from the ethics committee of a hospital (IIBSP-JAG-2023-
168). This study involving human participants was in accordance with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.
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3. Results

A total of 150 rheumatoid arthritis patients who received JAK inhibitor treatment
were identified between September 2017 and October 2023. Their demographic and clinical
characteristics are summarized in Table 1. No differences were observed in the JAK
inhibitor type distribution between sexes. At JAK inhibitor treatment initiation, female
and male patients presented comparable years of age, body mass index (BMI), years of
disease duration, rheumatoid arthritis seropositivity considering rheumatoid factor (RF)
and anti-cyclic citrullinated peptide (anti-CCP), prior conventional synthetic (cs) DMARD
(csDMARD) use, and prior bDMARD use. Both sexes showed similar use of concomitant
glucocorticoids (GC) and concomitant csDMARDs at the JAK inhibitor treatment initiation.
In terms of disease activity, similar scores were noted between female and male patients,
with the exception of the DAS28-ESR, which was higher in female patients, both at baseline
(p = 0.043) and at the first 6 months of treatment (p = 0.014).

Table 1. Demographic and clinical patient characteristics.

Parameters
Female

(n = 128)
Male

(n = 22)
p-Value

Age (years), median [IQR] 65 [52–71] 61 [53–75] 0.855
BMI [weight(kg)/height(m2)], median [IQR] 27.0 [24.0–30.3] 27.9 [25.4–30.7] 0.407
RA disease duration (years), median [IQR] 14.0 [5.0–24.5] 9.5 [5.0–19.0] 0.126
RA seropositivity, n (%)
RF 77 (60.2) 15 (68.2) 0.636
Anti-CCP 96 (75.0) 17 (77.3) 1.000
Previous csDMARDs, n (%)
Methotrexate 127 (99.2) 22 (100) 1.000
Leflunomide 62 (48.5) 8 (36.4) 0.358
Sulfasalazine 32 (25.0) 5 (22.7) 1.000
Other csDMARDs 50 (39.1) 5 (22.7) 0.159
Previous bDMARDs, n (%)
Adalimumab 63 (49.2) 10 (45.5) 0.820
Certolizumab 41 (32.0) 7 (31.8) 1.000
Etanercept 51 (39.9) 10 (45.5) 0.645
Golimumab 27 (21.1) 4 (18.2) 1.000
Infliximab 22 (17.2) 1 (4.6) 0.200
Tocilizumab 65 (50.8) 7 (31.8) 0.112
Sarilumab 26 (20.3) 2 (9.1) 0.372
Abatacept 56 (43.8) 7 (31.8) 0.355
Rituximab 32 (25.0) 2 (9.1) 0.165
JAK inhibitor type, n (%) 0.198
Tofacitinib 40 (31.3) 11 (50.0)
Baricitinib 69 (53.9) 7 (31.8)
Upadacitinib 9 (7.0) 2 (9.1)
Filgotinib 10 (7.8) 2 (9.1)
Concomitant GC use, n (%) 79 (61.7) 14 (63.6) 1.000
PDN dose (mg/day), median [IQR] 5.0 [0.0–5.0] 5.0 [0.0–5.0] 0.671
Concomitant csDMARD use, n (%) 35 (27.3) 8 (36.4) 0.446
Methotrexate 24 (18.8) 5 (22.7) 0.770
Leflunomide 1 (0.8) 2 (9.1) 0.056
Sulfasalazine 5 (3.9) 0 (0.0) 1.000
Other csDMARD 5 (3.9) 1 (4.6) 1.000
RA disease activity at baseline, median [IQR]
DAS28-ESR 5.4 [4.8–6.1] 5.0 [4.0–5.5] 0.043
DAS28-CRP 4.7 [4.1–5.3] 4.6 [4.1–5.1] 0.572
CDAI 25.5 [19.5–32.0] 19.0 [16.0–26.0] 0.098
SDAI 25.6 [18.0–31.5] 20.3 [16.2–26.2] 0.288
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Table 1. Cont.

Parameters
Female

(n = 128)
Male

(n = 22)
p-Value

RA disease activity at 6 months, median [IQR]
DAS28-ESR 3.7 [2.9–5.2] 3 [1.7–4.4] 0.014
DAS28-CRP 2.9 [1.9–4.3] 2.3 [1.6–4.2] 0.232
CDAI 10 [5.0–23.5] 6.5 [4.0–17.0] 0.093
SDAI 10.2 [5.2–23.2] 5.7 [3.1–18.6] 0.091

IQR—interquartile range [P25-P75], BMI—body mass index, RA—rheumatoid arthritis, RF—rheumatoid
factor, anti-CCP—anti-cyclic citrullinated peptide, csDMARD—conventional synthetic Disease Modifying
Anti-Rheumatic Drug, bDMARD—biologic Disease Modifying Anti-Rheumatic Drug, JAK—Janus kinase,
GC—glucocorticoid, PDN—prednisone, DAS28-ESR—Disease Activity Score 28-joint count using Erythrocyte
Sedimentation Rate, DAS28-CRP—Disease Activity Score 28-joint count using C-Reactive Protein, CDAI—Clinical
Disease Activity Index, SDAI—Simplified Disease Activity Index.

The main findings from the logistic regression analyses are shown in Table 2. Com-
pared to males, female patients were less likely to achieve the DAS28-ESR remission
[unadjusted odds ratio (OR): 0.32; 95% confidence interval (CI): 0.12–0.83; p = 0.019] or
the DAS28-ESR low disease activity (OR: 0.34; 95% CI: 0.13–0.85; p = 0.022), at the first
6 months of the JAK inhibitor treatment. The multivariate model showed similar results,
with adjusted odds ratio (ORadj) of 0.30 (95% CI: 0.11–0.81; p = 0.018) and 0.34 (95% CI:
0.13–0.86; p = 0.023), respectively. There were no significant differences between sexes in
the achievement of remission and low disease activity for the DAS28-CRP, the CDAI, and
the SDAI.

Table 2. Logistic remission analyses examining the effect of sex on the study outcomes.

Outcomes at 6 Months
Female,
n (%)

Male,
n (%)

OR for Female
[95% CI]

p-Value
ORadj for Female

[95% CI]
p-Value

DAS28-ESR remission 23 (18.0) 9 (40.9) 0.32 [0.12–0.83] 0.019 0.30 [0.11–0.81] 0.018
DAS28-ESR LDA 42 (32.8) 13 (59.1) 0.34 [0.13–0.85] 0.022 0.34 [0.13–0.86] 0.023
DAS28-CRP remission 44 (34.4) 11 (50.0) 0.52 [0.21–1.30] 0.165 0.52 [0.20–1.32] 0.169
DAS28-CRP LDA 61 (47.7) 13 (59.1) 0.63 [0.25–1.58] 0.324 0.61 [0.24–1.58] 0.309
CDAI remission 9 (7.0) 3 (13.6) 0.48 [0.12–1.93] 0.301 0.47 [0.11–1.98] 0.305
CDAI LDA 67 (52.3) 14 (63.6) 0.63 [0.25–1.60] 0.329 0.58 [0.22–1.58] 0.289
SDAI remission 20 (15.6) 6 (27.3) 0.49 [0.17–1.41] 0.189 0.54 [0.18–1.62] 0.273
SDAI LDA 68 (53.1) 13 (59.1) 0.78 [0.31–1.97] 0.605 0.74 [0.28–1.95] 0.546

OR—odds ratio, CI—confidence interval, ORadj—odds ratio adjusted, DAS28-ESR—Disease Activity Score
28-joint count using Erythrocyte Sedimentation Rate, LDA—low disease activity, DAS28-CRP—Disease Activity
Score 28-joint count using C-Reactive Protein, CDAI—Clinical Disease Activity Index, SDAI—Simplified Disease
Activity Index.

JAK inhibitor retention, for the discontinuation reason of lack of treatment effective-
ness, is depicted in Figure 2. No differences were observed in retention rates between
female and male patients (p = 0.703). Sex was not found to influence the survival of the
JAK inhibitor treatment effectiveness [hazard ratio (HR) for female patients: 1.16; 95% CI:
0.55–2.45; p = 0.704].
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Figure 2. JAK inhibitor retention due to the lack of treatment effectiveness. Similar JAK inhibitor
retentions due to the lack of treatment effectiveness were observed between female and male patients
(p = 0.703) during the follow-up period from September 2017 to October 2023.

4. Discussion

This study assessed sex-related differences in the effectiveness of tofacitinib, baricitinib,
upadacitinib, and filgotinib in the clinical context of rheumatoid arthritis treatment. Taking
into account the available literature, there are currently limited published real-world
studies addressing this concern. Indirectly, previous studies have suggested that being
either a female or male patient does not influence the survival of the JAK inhibitor treatment
effectiveness [17–19]. To the best of our knowledge, this study stands as the first to elucidate
sex-related disparities in the achievement of JAK inhibitor treatment effectiveness, while
also shedding light on the survival of the effectiveness of these small molecules.

In terms of achieving remission and low disease activity at the first 6 months of the
JAK inhibitor treatment, no significant differences between sexes were observed concerning
the DAS28-CRP, the CDAI, or the SDAI. With respect to the DAS28-ESR, female patients,
compared to males, possessed 70% lower odds of achieving remission (ORadj for female:
0.30; 95% CI: 0.11–0.81; p = 0.018) and, similarly, 66% lower odds of achieving low disease
activity (ORadj for female: 0.34; 95% CI: 0.13–0.86; p = 0.023). ESR and CRP are acute-phase
reactants commonly used in routine clinical practice as inflammation biomarkers, with ESR
levels typically being higher in female than in male patients [20–22]. In this manner, sex
disparities in ESR levels were reflected in the DAS28-ESR values both at baseline (female:
5.4 [4.8–6.1]; male: 5 [4–5.5]; p = 0.043) and at 6 months of the JAK inhibitor treatment
(female: 3.7 [2.9–5.2]; male: 3 [1.7–4.4]; p = 0.014), leading to the misclassification in female
patients of both the DAS28-ESR remission and the DAS28-ESR low disease activity. In
accordance with the foregoing, our study findings suggest that, specifically for JAK inhibitor
treatment, being a female or male patient does not influence the achievement of remission
or low disease activity.

72



J. Clin. Med. 2024, 13, 2355

In terms of the survival of the JAK inhibitor treatment effectiveness, Figure 2 il-
lustrates the treatment strategy selected based on the clinical judgment of our clinical
rheumatologists in response to the lack of treatment effectiveness. According to both the
T2T strategy [2,3] and the rheumatoid arthritis guidelines [7–9], if substantial improvement
in disease activity is not plausible within the first 3 months of treatment, or if the primary
target remains unattained by 6 months, treatment adjustment or modification of the therapy
is recommended. The unobserved significant differences between female and male patients
in the JAK inhibitor treatment retention rates (p = 0.703), as well as the non-determination of
sex as a potential factor that could influence the maintenance of the treatment effectiveness
(HR: 1.16; 95% CI: 0.55–2.45; p = 0.704), suggest that being a female or male patient does
not influence the maintenance of the effectiveness of these small molecules.

The present study had some inherent limitations. The first of these was the population
size and that it was exclusively conducted at a single healthcare center. However, the
results obtained align with previous indirect data regarding discrepancies in the survival
of the JAK inhibitor treatment effectiveness between female and male patients. Second was
the disparity in sex distribution, reflecting real-world clinical data of a disease that pre-
dominantly affects females over males. Third, due to the retrospective nature of this study,
despite adjusting for potential confounders, there remains the possibility that treatment
retention may have been influenced by unmeasured cofounders not accounted for in our
adjusted models. Fourth, JAK inhibitors other than tofacitinib, baricitinib, upadacitinib,
or filgotinib —the four small molecules currently approved in Europe for the treatment of
rheumatoid arthritis—were not considered in our study, i.e., peficitinib. Fifth, adjustments
in dosage or frequency of drug treatment were not monitored in our study. JAK inhibitors
are approved at specific dosages, with certain treatment adjustments recommended based
on specific patient characteristics and concomitant treatments. We assumed that all patients
received their required dosage and frequency in accordance with the approved recommen-
dations for JAK inhibitor treatment. Sixth, it would be interesting to precisely understand
the influence of sex on the components of the four validated disease activity measures;
however, data regarding this aspect were lacking in the present study.

The main strength of our study lies in the inclusion of rheumatoid arthritis patients
undergoing treatment in real-world clinical settings, with the primary aim of elucidating
whether sex-related disparities exist that could influence the achievement and survival of
the JAK inhibitor treatment effectiveness, thereby establishing the initial findings on this
matter within the published literature.

5. Conclusions

To sum up, the findings of our study suggest that being a female or male patient does
not entail differences in the effectiveness of the JAK inhibitor treatment, taking into account
the potential misclassification in female patients for both the DAS28-ESR remission and
the DAS28-ESR low disease activity, attributable to sex disparities in the ESR levels. This
study encourages the consideration of a global pool of validated composite indices (DAS28-
ESR, DAS28-CRP, CDAI, and SDAI) to measure rheumatoid arthritis disease activity, thus
individualizing the target value based on patient-related factors, as advocated by the T2T
strategy [2,3].
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Abstract: Objective: This study aimed to compare the incidence rates (IRs) of infections, including
herpes zoster (HZ), in rheumatoid arthritis (RA) patients treated with Janus kinase inhibitors (JAKis)
or interleukin-6 inhibitors (IL-6is). Methods: We retrospectively analyzed 444 RA patients treated
using IL-6is (n = 283) or JAKis (n = 161). After adjusting for clinical characteristic imbalances by
propensity score matching (PSM), we compared the IRs of infections including HZ between the JAKi
and IL-6i groups. Results: Observational period: 1423.93 patient years (PY); median observational
period: 2.51 years. After PSM, incidence rate ratios comparing JAKi with IL-6i were 3.45 (95%
confidence interval [CI]: 1.48–9.04) for serious infections other than HZ indicating that the JAKi-
treated group was more likely to develop serious infection than the IL-6i-treated group. Multivariate
Cox regression analyses revealed that the use of prednisolone > 5.0 mg/day, coexisting interstitial
lung disease (ILD), and diabetes mellitus (DM) were independent risk factors for serious infections.
The crude IR for HZ was significantly higher in the JAKi group, but the difference between groups
was not significant (IRR: 2.83, 95% CI: 0.87–10.96) in PSM analysis. Unadjusted and PSM analyses
performed in our study showed increased IRs of serious infections in patients with RA treated with
JAKis compared with those treated with IL-6is. Conclusions: The presence of ILD or DM and the
use of prednisolone were found to be independent risk factors for serious infection in RA patients
treated using JAKis. Whereas the IRs for HZ after PSM were not significantly different between the
JAKi and IL-6i groups.

Keywords: rheumatoid arthritis; Janus kinase inhibitor; interleukin-6 inhibitor; infection; tofacitinib;
baricitinib; interstitial lung disease

1. Introduction

Targeting the Janus kinase (JAK) family with small-molecule inhibitors has proven
effective in the treatment of various autoimmune diseases [1]. JAK inhibitors (JAKis) with
different specificities for each JAK family have been approved for treating rheumatoid
arthritis (RA) [2]. In the recent European Alliance of Associations for Rheumatology
(EULAR) recommendations for RA management, JAKis are advised in patients who fail
to respond to initial treatment with methotrexate (MTX) or other conventional synthetic
disease-modifying antirheumatic drugs (csDMARDs) and have poor prognostic factors [3].
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However, the safety concerns associated with JAKis, including infections and malignancies,
should be carefully addressed. The risk of contracting serious infections or infections
that require hospitalization is 1.5 to 2 times higher in patients with RA compared to the
general population [4,5]. Similar to biological DMARDs (bDMARDs), JAKis can lead to
serious and opportunistic infections including viral infections. Previous studies of JAKi
have revealed elderly age, glucocorticoid usage (prednisolone ≥ 7.5 mg/day), diabetes
mellitus, and high JAKi dosages as risk factors for infection [6]. However, the relative risk
of infection in patients receiving JAKis was reported to be comparable to that in patients
taking bDMARDs [7]. One retrospective cohort study revealed no significantly increased
risk of serious infectious diseases related to the use of tofacitinib, a JAKi, compared with that
associated with the use of a tumor necrosis factor inhibitor (TNFi) [8]. The infection profiles
of TNFis and JAKis have been found to be similar with regard to serious infections [9,10].
Compared with bDMARDs, JAKis were found to be more frequently associated with the
development of HZ [6,11,12]. In patients with RA who received tofacitinib in two phase I,
nine phase II, six phase III, and two long-term extension (LTE) studies, the crude incidence
rate (IR) of HZ was found to be 4.0 (95% confidence interval [CI]: 3.7, 4.4) per 100 patient
years (PY) [13].

Given the widespread use of JAKis in the treatment of RA, the risk of infections, in-
cluding HZ, in real-world settings should be addressed. Furthermore, it would be of great
interest to compare the risks of infection between patients with RA receiving non-TNFi bD-
MARDs and those receiving JAKis in real-world clinical practice. Therefore, we conducted
this multicenter cohort study to determine and compare the IRs of infection in patients
with RA treated with an interleukin-6 inhibitor (IL-6i) or a JAKi in real-world settings.

2. Materials and Methods

2.1. Patients and Study Design

We have previously conducted a cohort study involving patients with RA attending
our institution from April 2012 to December 2022 to compare the incidence of malignancy
and major adverse cardiovascular events [14]. In the present study, we extended the
inclusion period by 8 months until August 2023 and collected data on the incidence of
serious infections and HZ. The cohort comprised patients treated at the Department of
Rheumatology of Fukushima Medical University Hospital, Japanese Red Cross Fukushima
Hospital, and Ohta Nishinouchi General Hospital Foundation. The study was approved
by the institutional review boards of these institutions (approval Nos. 2021-157, 55, and
2022–8, respectively).

Between April 2012 and August 2023, IL-6i or JAKi therapy was initiated in 473 patients
with RA. Among them, 450 started receiving IL-6i or JAKi therapy at our institution, and
444 with sufficient clinical data were enrolled. All patients were diagnosed with RA accord-
ing to the 2010 American College of Rheumatology/European League Against Rheumatism
classification criteria for RA [15]. At treatment initiation, the collected demographic infor-
mation included age, sex, disease duration, rheumatoid factor, anti-citrullinated protein
antibodies, prior use of bDMARDs, presence of comorbidities such as DM or lung disease,
and concurrent medications. Patients in the IL-6i group were administered tocilizumab
either through intravenous infusion at a dosage of 8 mg/kg every 4 weeks or subcutaneous
injection at 162 mg every other week, or sarilumab via subcutaneous injection at 200 mg
every 2 weeks. Patients in the JAKi-treated group received the following dosages based
on their specific conditions: those with renal impairment were given baricitinib 2 or 4 mg
once daily, those with liver impairment received tofacitinib 5 mg twice or once daily, those
with renal impairment were administered upadacitinib 15 mg once daily, and filgotinib
was given at 100 or 200 mg once daily. The study employed an opt-out approach, and par-
ticipants who refused to provide informed consent were not included. The full recruitment
process is depicted in Figure 1.
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Figure 1. Flow chart showing patient enrollment. Among the 473 patients with RA who received
initial treatment with IL-6i or JAKi at our institution between April 2012 and August 2023, 444 patients
with sufficient clinical data were enrolled in the study. IL-6i: interleukin-6 inhibitor; JAKi: Janus
kinase inhibitor; RA: rheumatoid arthritis.

2.2. Definitions of Exposure and Outcomes

“Exposure” was defined as the period from the initiation of IL-6i or JAKi treatment
until treatment discontinuation, patient transfer to another hospital, death, or the end of
the study period, whichever occurred first. Serious infections were defined as infections
other than HZ that required hospitalization, as determined by treating physicians based on
a comprehensive evaluation, including physical, laboratory, and radiological examinations,
and the need for hospitalization. HZ was diagnosed by the treating physician based on the
observation of skin lesions. The censoring time of the above-described adverse events was
defined as the time from the administration of the first dose of JAKi or IL-6i until the end
of treatment or the last observation point (31 August 2023).

2.3. Statistical Analysis

Data are presented as median and interquartile range for continuous variables and fre-
quency and percentage for qualitative variables. The Mann–Whitney U test was employed
to compare continuous variables, and Fisher’s exact test was used to compare categorical
variables. Statistical significance was determined by a two-tailed p-value of <0.05.

To calculate the propensity scores, multivariable logistic regression analysis was
performed with JAKi use as the dependent variable and the following as independent
variables: patient age and sex, disease duration, RF and ACPA positivity, GC and MTX
use, and co-occurrence of ILD and DM. Patient backgrounds of the treatment groups were
adjusted via propensity score matching. The number of adverse events, PY at risk, and
incidence rate ratio (IRR) with 95% CI were determined for each outcome.

The time to serious infection in the treatment groups was calculated using Kaplan–
Meier analysis, and log-rank tests were employed to compare the cumulative IRs between
the groups. Univariate and multivariate Cox regression analyses were conducted to identify
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variables related to the occurrence of serious infections. Factors with a p-value < 0.05 were
included in the multivariate Cox regression analysis. The receiver operating characteristic
(ROC) curve was used to determine the cut-off value for the steroid dose that impacted the
risk of serious infection.

Statistical analyses were performed using R (version 4.1.2; R Foundation for Statistical
Computing, Vienna, Austria, http://www.R-project.org/ [accessed on 23 June 2023]) and
IBM SPSS Statistics software (version 29.0.1.0; IBM Co., Armonk, NY, USA).

3. Results

3.1. Patients’ Baseline Characteristics

Among the 473 patients with RA in whom IL-6i or JAKi treatment was initiated at
our institutions between April 2012 and August 2023, 444 were enrolled. Table 1 presents
the background characteristics of patients in the IL-6i- and JAKi-treated groups before
and after propensity score matching (PSM). In the IL-6i-treated group, 277 and 6 patients
received tocilizumab and sarilumab, respectively. The JAKi-treated group included 95,
43, 15, and 8 patients who received baricitinib, tofacitinib, upadacitinib, and filgotinib,
respectively. None of the patients had a history of using JAKi. Before PSM, the IL-6i-treated
group showed significantly higher concomitant GC use, GC and MTX doses, and longer
observation periods compared to the JAKi-treated group. In contrast, the JAKi-treated
group had significantly higher age at tsDMARD introduction and rates of DM coexistence.
The observational period for the 444 patients (306 females) examined herein was 1423.93 PY,
with a median (interquartile range) duration of 2.51 (1.20–4.22) years. After PSM, 236 pa-
tients with RA (165 females) were observed for 650.49 PY, with a median (interquartile
range) length of 2.24 (1.22–3.97) years. Following PSM, no significant intergroup differences
were observed, except for the history of bDMARD use and observational period.

Table 1. Comparisons of clinical features between IL-6i group and JAKi group.

Characteristics
All Patients Propensity-Matched Patients

IL-6i (n = 283) JAKi (n = 161) p Value IL-6i (n = 118) JAKi (n = 118) p Value SMD

Male, n (%) 89 (31.4) 49 (30.4) 0.92 34 (28.8) 37 (31.4) 0.78 0.06

Age at b/ts DMARDs introduction,
† years 61 (51–69) 72 (65–81) <0.001 * 68 (58–76) 69 (60–75) 0.59 0.07

Disease duration, † years 8.7 (3.5–15.4) 7.6 (3.5–15.9) 0.51 9.0 (3.3–15.7) 9.2 (4.2–16.8) 0.39 0.17

Steinbrocker’s stage, I/II/III/IV 105/79/37/45
no data, 17

62/41/16/34
no data, 8

35/40/13/23
no data, 7

48/27/10/29
no data, 4

Steinbrocker’s class, I/II/III/IV 30/168/62/8
no data, 15

17/93/45/4
no data, 2

14/70/25/2
no data, 7

7/73/34/2
no data, 2

RF positivity, n (%) 207 (73.1) 109 (67.7) 0.23 85 (72.0) 84 (71.2) 1.00 0.02

ACPA positivity, n (%) 212 (74.9) 112 (69.6)
no data, 2 0.32 87 (73.7) 89 (75.4) 0.88 0.04

Concomitant GC use, n (%) 134 (47.3) 41 (25.5) <0.001 * 38 (32.2) 37 (31.4) 1.00 0.02

Concomitant GC dose, † mg/day 0.0 (0–5.0) 0.0 (0–0) <0.001 * 0.0 (0.0–5.0) 0.0 (0.0–6.0) 0.55 0.09

Concomitant MTX use, n (%) 148 (52.3) 73 (45.3) 0.17 57 (48.3) 58 (49.2) 1.00 0.02

Concomitant MTX dose, †
mg/week 4.0 (0.0–8.0) 0 (0–6) 0.04 * 0.0 (0.0–6.0) 0.0 (0.0–6.0) 0.91 0.03

Coexisting ILD, n (%) 37 (13.1) 21 (13.0) 1.0 14 (11.9) 15 (12.7) 1.00 0.03

Coexisting DM, n (%) 26 (9.2) 26 (16.1) 0.03 * 17 (14.4) 16 (13.6) 1.00 0.02

Previous use of bDMARDs, n (%) 113 (39.9) 76 (47.2) 0.16 44 (37.3) 61 (51.7) 0.04 * 0.29

Observational period, † years 3.0 (1.4–5.2) 1.8 (1.2–3.3) <0.001 * 2.9 (1.4–4.7) 1.9 (1.2–3.3) 0.01 * 0.45

† Values are the median with interquartile range. * means there is a significant difference at p < 0.05. IL-6i:
interleukin-6 receptor inhibitors, JAKi: Janus kinase inhibitors, RF: rheumatoid factor, ACPA: anti-citrullinated
peptide antibody, GC: glucocorticoid, MTX: methotrexate, ILD: interstitial lung disease, DM: diabetes mellitus, b/ts
DMARD: biologic/targeted synthetic disease-modifying anti-rheumatic drug, SMD: standardized mean difference.
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3.2. IRs of Serious Infections

The IRs for infectious diseases are listed in Table 2. We identified 27 and 25 cases of
serious infections (16.8%; IR: 7.52/100 PY; 8.8%; IR: 2.35/100 PY) among 161 and 283 JAKi-
and IL-6i-treated patients, respectively. Serious infections in the IL-6i group included
bacterial pneumonia (n = 12), soft tissue infection (n = 6), pyelonephritis (n = 2), diverticulitis
(n = 2), sinus mycosis (n = 1), pyothorax (n = 1), and bacterial enteritis (n = 1). In the JAKi
group, these included bacterial pneumonia (n = 15), soft tissue infections (n = 5), bacterial
enteritis (n = 2), pyelonephritis (n = 2), diverticulitis (n = 1), perforated peritonitis (n = 1),
and cholecystitis (n = 1). Pneumonia (n = 27; 51.9% of all infections) was the most frequent
serious infection in both groups. Before PSM, the IRR for the JAKi to the IL-6i group was
3.20 (95% CI: 1.85–5.56, p < 0.001), indicating that the former was more likely to develop
serious infections. After PSM, the JAKi group was still more likely to develop serious
infections (IRR: 3.45, 95% CI: 1.48–9.04, p = 0.004). However, the observational period for
the JAKi group was shorter than that for the IL-6i group. Owing to this, we evaluated
the time-to-event outcomes (serious infections) using Kaplan–Meier analysis. To this end,
serious infections were more frequent in the JAKi group (p = 0.01, log-rank test; Figure 2).

Table 2. Incidence rate of infectious diseases.

All Patients Propensity-Matched Patients

IL-6i (n = 283) JAKi (n = 161) p Value IL-6i (n = 118) JAKi (n = 118) p Value

Serious infectious
diseases other than HZ 25 (8.8) 27 (16.8) 7 (5.9) 17 (14.4)

IR per 100 PY (95%CI) 2.35 (1.42–3.28) 7.52
(4.73–10.31) 1.89 (0.50–3.28) 6.61 (3.57–9.65)

IRR (95%CI) 1 [reference] 3.20 (1.85–5.56) <0.001 * 1 [reference] 3.45 (1.48–9.04) 0.004 *

HZ 12 (4.2) 10 (6.2) 4 (3.4) 8 (6.8)

IR per 100 PY (95%CI) 1.13 (0.48–1.78) 2.91 (1.13–4.69) 1.08 (0.03–2.13) 3.11 (0.99–5.23)

IRR (95%CI) 1 [reference] 2.49 (1.04–5.83) 0.041 * 1 [reference] 2.83
(0.87–10.96) 0.084

* means there is a significant difference at p < 0.05. IL-6i: interleukin-6 inhibitor; JAKi: Janus kinase inhibitor; HZ:
herpes zoster, IR: incidence rate, PY: patient years, IRR: incidence rate ratio, CI: confidence interval.

3.3. Risk Factors for Serious Infections in JAKi-Treated Patients

To establish risk factors associated with serious infections, patient baseline character-
istics were analyzed using univariate and multivariate Cox regression analyses (Table 3).
Univariate Cox regression analysis revealed a significantly increased risk of serious infec-
tions associated with glucocorticoid (GC) use, interstitial lung disease (ILD), and diabetes
mellitus (DM). In the multivariate Cox hazard model, prednisolone dose, ILD, and DM
emerged as independent risk factors for serious infections in JAKi-treated patients. We ana-
lyzed the cut-off value for the GC dose associated with risk of serious infection by obtaining
the ROC curve, which revealed a dose of 5.0 mg (Supplementary Figure S1). Therefore,
Kaplan–Meier survival curves were plotted for occurrence of the first serious infection
stratified by GC use (>5.0 mg/day) or the existence of ILD (Figure 3). The frequency of
occurrence of the first serious infection was significantly higher in patients with ILD or
those receiving high-dose GCs (>5.0 mg/day).
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Figure 2. Cumulative incidence curves of serious infection in IL-6i-treated and JAKi-treated patients
after propensity score matching. Kaplan–Meier curves show the cumulative incidence of serious
infection in patients treated with IL-6is (n = 118) and JAKis (n = 118). Significant differences were
observed between IL-6i-treated and JAKi-treated groups (p = 0.01). The starting point (0 years) was
the date on which the observations began. HR: hazard ratio; CI: confidence interval; JAKi: Janus
kinase inhibitor; IL-6i: interleukin-6 inhibitor; No: number.

Table 3. Independent risk factors of serious infectious diseases in rheumatoid arthritis patients treated
with JAKi.

Risk Factors for Serious Infectious Diseases

Variavle
Univariate Model Multivariable Model

HR (95%CI) p-Value HR (95%CI) p-Value

Age, >65 years or not 2.00 (0.69–5.81) 0.20

Disease duration, per 1-year increase 0.98 (0.94–1.03) 0.42

RF positive or negative 1.50 (0.63–3.56) 0.36

ACPA positive or negative 1.88 (0.71–4.98) 0.21

GC dose, per 1 mg increase 1.012 (1.01–1.02) <0.001 * 1.01 (1.01–1.02) <0.001 *

MTX dose, per 1 mg increase 0.956 (0.85–1.07) 0.45

Coexisting ILD, yes/no 4.00 (1.62–9.86) 0.003 * 3.72 (1.48–9.35) 0.01 *

Coexisting DM, yes/no 2.68 (1.20–5.97) 0.02 * 2.53 (1.11–5.75) 0.03 *

No. of previous use of bDMARDs, per drug 1.10 (0.79–1.49) 0.63

Reduced dose of JAKi, yes/no 0.74 (0.35–1.59) 0.44

* means there is a significant difference at p < 0.05. JAKi: Janus kinase inhibitor, RF: rheumatoid factor, ACPA:
anti-citrullinated peptide antibody, GC: glucocorticoid, MTX: methotrexate, ILD: interstitial lung disease, DM:
diabetes mellitus, No: number, bDMARDs: biological disease-modifying antirheumatic drugs, HR: hazard ratio,
CI: confidence interval.
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Figure 3. Cumulative incidence curves of serious infections in JAKi-treated patients with or with-
out ILD and with PSL above and below 5.0 mg/day. Kaplan–Meier curves show the cumulative
incidence of serious infections in RA patients treated with JAKis, stratified by (A) ILD status and
(B) PSL > 5.0 mg/day and ≤5.0 mg/day. Significant differences were observed between the groups
with and without ILD (p = 0.001). There was also a significant difference between the two groups in
the dosage of PSL (PSL > 5.0 mg and PSL ≤ 5.0 mg) (p = 0.004). The starting point (0 years) was the
date on which the observations began. HR: hazard ratio; CI: confidence interval; ILD: interstitial lung
disease; PSL: prednisolone; JAKi: Janus kinase inhibitor.

3.4. IR for HZ

The IRs for infectious diseases are listed in Table 2. The crude IRs for HZ were higher in
the JAKi group (6.2%; IR: 2.91/100 PY) than in the IL-6i group (4.2%; IR: 1.13/100 PY). The
crude IRs of HZ were significantly higher in the JAKi group compared to the IL-6i group
(IRR = 2.49, 95% CI: 1.04–5.83, p = 0.041). After PSM, there was no significant difference in
the IRR of HZ between the two groups (IRR = 2.83, 95% CI: 0.87–10.96, p = 0.084).

3.5. Comparison of Infectious Diseases between Each JAKi

The baseline demographic and clinical features of patients treated with each JAKi
are summarized in Table 4. All “Serious infections other than HZ” and “HZ” in the table
are those that occurred during JAKi administration. Among the JAKi group, serious
infections occurred only in patients treated with baricitinib and tofacitinib. The baricitinib
and tofacitinib groups are presented in Table 5. The crude IRs for serious infections or HZ
were higher in the tofacitinib group than in the baricitinib group. However, there was no
significant difference in the IRs for serious infection and HZ between these two groups
(serious infection IRR = 1.33, 95% CI: 0.59–2.85, p = 0.48/HZ IRR = 1.92, 95% CI: 0.43–8.51,
p = 0.38).
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Table 4. Clinical features of RA patients treated with each JAKi.

Baricitinib (n = 95) Tofacitinib (n = 43)
Upadacitinib (n =

15)
Filgotinib (n = 8)

Male, n (%) 25 (26.3) 12 (27.9) 8 (53.3) 4 (50.0)

Age at JAKi introduction, † years 74 (68–84) 72 (66–79) 61 (56–68) 64 (61–68)

Disease duration, † years 7.3 (3.1–16.5) 8.7 (4.1–15.6) 6.4 (3.8–8.6) 6.6 (4.2–12.2)

Steinbrocker’s stage, I/II/III/IV 36/21/12/20
no data 6

18/13/1/9
no data 2 5/6/2/2 3/1/1/3

Steinbrocker’s class, I/II/III/IV 15/53/23/3
no data 1

2/21/18/1
no data 1 0/11/4/0 0/8/0/0

RF positivity, n (%) 65 (68.4) 26 (60.5) 12 (80.0) 6 (75.0)

ACPA positivity, n (%) 68 (71.6)
no data 1

26 (60.5)
no data 1 12 (80.0) 6 (75.0)

Concomitant GC use, n (%) 18 (18.9) 11 (25.6) 9 (60.0) 3 (37.5)

Concomitant GC dose, † mg/day 0.0 (0.0–0.0) 0.0 (0.0–1.8) 2.0 (0.0–2.5) 0.0 (0.0–5.5)

Concomitant MTX use, n (%) 35 (36.8) 27 (62.8) 6 (40.0) 5 (62.5)

Concomitant MTX dose, † mg/week 0.0 (0.0–6.0) 4.0 (0.0–7.0) 0.0 (0.0–5.0) 5.0 (0.0–6.5)

Coexisting ILD, n (%) 13 (13.7) 6 (14.0) 2 (13.3) 0

Coexisting DM, n (%) 15 (15.8) 9 (20.9) 2 (13.3) 0

Previous use of bDMARDs, n (%) 44 (46.3) 23 (53.5) 8 (53.3) 1 (12.5)

Observation period, † years 1.8 (1.2–3.3) 2.1 (1.0–3.6) 1.9 (1.5–2.1) 1.3 (1.0–1.4)

Serious infectious diseases other than HZ, n (%) 16 (16.8) 11 (25.6) 0 0

HZ 4 (4.2) 4 (9.3) 2 (13.3) 0

† Values are the median with interquartile range. JAKi: Janus kinase inhibitors, RF: rheumatoid factor, ACPA:
anti-citrullinated peptide antibody, GC: glucocorticoid, MTX: methotrexate, ILD: interstitial lung disease, DM:
diabetes mellitus, bDMARD: biologic disease-modifying anti-rheumatic drug, HZ: herpes zoster.

Table 5. Incidence rates of serious infections, HZ.

Baricitinib (n = 95) Tofacitinib (n = 43) p-Value

Serious infectious diseases other than HZ 16 (16.8%) 11 (25.6%)

IR per 100 PY (95%CI) 7.54 (3.93–11.15) 9.95 (4.14–15.76)

IRR (95%CI) 1 [reference] 1.33 (0.59–2.85) 0.48

HZ 4 (4.2%) 4 (9.3%)

IR per 100 PY (95%CI) 1.89 (0.03–3.75) 3.62 (0.00–7.24)

IRR (95%CI) 1 [reference] 1.92 (0.43–8.51) 0.38

HZ: herpes zoster, IR: incidence rate, PY: patient years, IRR: incidence rate ratio, CI: confidence interval.

4. Discussion

In this study, we focused on patients with RA treated using targeted DMARDs and
compared the incidences of infectious events, including HZ, between patients treated with
JAKis and those treated with IL-6is. Despite the different baseline characteristics, our data
demonstrated that JAKi-treated patients had a higher risk of serious infections than those
treated with IL-6is. Although we could not completely exclude residual or unmeasured
confounding factors, we also found increased IRs of serious infectious diseases in JAKi-
treated patients with RA compared with those in IL-6i-treated patients with RA in our
propensity score-matching comparisons.

The pooled data of baricitinib clinical trials showed that the IR for serious infectious
diseases was 2.9/100 PY (95% CI: 2.5–3.4) [16]. In tofacitinib-treated patients with RA in
phase I, phase II, phase III, and LTE studies, the IR for serious infections was reported to be
2.7/100 PY (95% CI: 2.5, 3.0), and the most common infection was pneumonia [17]. Elderly
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age, diabetes mellitus, corticosteroid use (>7.5 mg/day of prednisolone), and tofacitinib
dosage (10 mg bid vs. 5 mg bid) were identified as risk factors for serious infections in
patients treated with tofacitinib [6]. In contrast to these previous studies, in our study, the
IR for serious infection (7.52/100 PY) was higher in patients treated with JAKis. Patients
with RA at risk for infections, including elderly patients and those with diabetes or ILD,
were enrolled in our real-world study, which could have contributed to the increased IRs
for serious infections in JAKi-treated patients compared with those in clinical trial data. In
general, GC use is associated with increased susceptibility to infection [18]. However, there
are inadequate data on the effects of ILD on infection. We also evaluated the risk factors
for serious infections in patients with RA receiving these targeted DMARDs. Our study
clearly demonstrates that ILD is an independent risk factor for serious infectious diseases
in JAKi-treated RA patients.

Controversy exists as to whether the use of JAKis for patients with RA-ILD can be
challenging. Cronin et al. reported that the use of JAKis for the treatment of patients with
RA and existing ILD did not increase the rate of hospitalization due to respiratory causes
compared with rituximab treatment, suggesting that JAKi is a safe treatment strategy for RA
patients with ILD [19]. However, the incidence rates of serious infectious diseases including
pneumonia were significantly higher in JAKi-treated patients than in those treated with
IL-6i in our study. Furthermore, the presence of ILD has been shown to be an independent
risk factor for serious infectious diseases in JAKi-treated patients. Kalyoncu et al. found that
in a controlled real-world study on tofacitinib-treated RA patients, infection was the most
common cause of drug discontinuation in RA-ILD patients (more so than in non-RA-ILD
patients) [20]. They also reported that RA patients with ILD are older than those without
ILD. In general, elderly RA patients have a higher rate of comorbid ILDs than younger
patients [21]. The possibility that older age and ILD comorbidity are confounding factors
cannot be ruled out. In addition to old age, coexisting lung diseases and GC use were
associated with the development of pneumocystis pneumonia in JAKi-treated patients [22].
Collectively, these data suggest that clinicians should be concerned about the risk of serious
infections, including unusual infections, in patients receiving JAKis. Larger prospective
studies are required to determine whether JAKis affect the risk of serious infections in RA
patients with or without ILD.

A previous study on younger RA patients (<65 years) initiated on b/tsDMARDs,
revealed that patients with frailty were at a significantly higher risk of serious infections
than those without frailty [23]. Diabetes and interstitial lung disease are closely associated
with patient frailty [24,25]. Therefore, RA patients with DM or ILD, even at a young
age, should be cautious with JAKi treatment due to the close association between risk of
developing serious infections and JAKi treatment.

Patients with RA have an approximately two- to three-fold increased risk of HZ
compared with the general population [26]. In a systematic review and meta-analysis of
JAKi-treated patients with RA, Bechman et al. demonstrated that the incidence of HZ
was higher than that in the pooled placebo group (3.23/100 PY vs. 1.05/100 PY) [27].
Although the pathogenic mechanism by which JAKis increase the risk of HZ has not yet
been completely elucidated, it is hypothesized that the inhibitory effect of JAKis on the
intracellular signaling of cytokines acting via the JAK/signal transducer and activator
of transcription (STAT) signaling pathway may contribute to the increased risk for HZ
through the impairment of cell-mediated immunity [28]. In our study, the estimated IRs
of HZ in patients receiving JAKi was 2.91/100 PY, (95% CI: 1.13–4.69) and was higher in
the patients treated with JAKis than in those treated with IL-6is. This finding is consistent
with those of previous studies, whereas the intergroup difference in our study was not
significant. Given the lack of direct comparisons between JAKi-treated patients with RA
and IL-6i-treated patients with RA with the same demographic background, we are limited
in drawing conclusions regarding the relative risk of HZ linked to JAKis compared with that
linked to IL-6is. However, a time-to-event analysis for HZ by using Kaplan–Meier curves
showed that HZ developed more frequently in JAKi-treated patients compared with that in
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IL-6i-treated patients (Supplementary Figure S2). Therefore, physicians should be aware of
the risk of HZ in JAKi-treated patients with RA, particularly those with risk factors.

Our study has several limitations. First, the number of patients (n = 473) and the
duration of follow-up periods (median; 1.8 years in JAKi and 3.0 years in IL-6i) were
not sufficient to detect any adverse events. Second, the choice of treatment and decision
to discontinue treatment was made at the discretion of each rheumatologist, with no
standardized protocol. Third, adverse events, including infections, were investigated at
each patient visit, and the possibility that some cases were treated in the community and
events were missed cannot be completely ruled out. Fourth, RA disease activity, HZ history,
rate of vaccination, and parameters of a smoking history were not investigated in our
study. Although high disease activity in RA has been reported to increase the risk of
infection [29], it has been difficult to obtain information on disease activity from medical
records. Vaccination for diseases such as HZ, influenza, and pneumococcal vaccines may
interact with the IR of infection. Finally, the follow-up period was shorter for the JAKi
group than for the IL-6i group.

5. Conclusions

In conclusion, our study demonstrated increased IRs for serious infectious diseases
in JAKi-treated patients with RA compared with those in IL-6i-treated patients with RA
in unadjusted and propensity score-matching analysis. Furthermore, we found that the
presence of ILD or DM and the use of GCs (>5.0 mg/day) might be predictors of serious
infections in JAKi-treated patients with RA. However, the IRs for HZ after PSM were
not significantly different between the JAKi and IL-6i groups. More safety studies with
long-term follow-ups in real-world settings are needed to fully elucidate the safety profile
of JAKi for the management of patients with RA in clinical practice.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/jcm13103000/s1, Supplementary Figure S1. The receiver operating
characteristic curve representing the cut-off value of glucocorticoid dose in the prediction of serious
infections. AUC: area under the curve. Supplementary Figure S2. Cumulative incidence curves of
HZ in IL-6i-treated and JAKi-treated patients after propensity score matching. Kaplan–Meier curves
show the cumulative incidence of HZ in patients treated with IL-6is (n = 118) and JAKis (n = 118).
Significant differences were observed between IL-6i-treated and JAKi-treated groups (p = 0.024). The
starting point (0 years) was the date on which the observations began. HZ: herpes zoster; JAKi: Janus
kinase inhibitor; IL-6i: interleukin-6 inhibitor; CI: confidence interval; No: number.
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ACPA Anti-citrullinated protein antibodies
bDMARDs Biologic disease-modifying antirheumatic drugs
CI Confidence interval
csDMARDs Bonventional synthetic disease-modifying antirheumatic drugs
DM Diabetes mellitus
DMARDs Disease-modifying antirheumatic drugs
EULAR European Alliance of Associations for Rheumatology
GC Glucocorticoid
HR Hazard ratio
HZ Herpes zoster
IL Interleukin
IL-6i Interleukin-6 inhibitor
ILD Interstitial lung disease
IR Incidence rate
IRR Incidence rate ratio
JAK Janus kinase
JAKi Janus kinase inhibitor
MTX Methotrexate
PSM Propensity score matching
PY Patient years
RA Rheumatoid arthritis
RF Rheumatoid factor
ROC Receiver operating characteristic
STAT Signal transducer and activator of transcription
TNFis Tumor necrosis factor inhibitors
tsDMARDs Targeted synthetic disease-modifying antirheumatic drugs
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Abstract: Patients with rheumatoid arthritis (RA) are at increased risk of developing interstitial
lung disease compared to the general population, a complication that is associated with significant
morbidity and high mortality. Given its frequency and severity, ILD should always be considered
during both the initial assessment and follow-up of RA patients. However, there is currently no
consensus on which RA patients should be screened for ILD. In recent years, several scientific
societies have developed specific screening proposals. According to the recommendations of the
Spanish, American, and Austrian rheumatology societies, it is not necessary to screen all individuals
with RA, and it should be tailored to each patient based on clinical risk factors. In contrast, the
Portuguese Societies of Rheumatology and Pulmonology advocate for systematic screening of all
RA patients. Risk factors for the development of ILD in RA patients are well identified, and several
screening tools for RA-ILD based on these risk factors have been developed. However, all of these
tools still require further validation. To address this issue, the ANCHOR-RA study, a multinational
cross-sectional initiative, has been launched to develop a multivariable model for predicting RA-ILD,
which could provide valuable guidance for screening practices in clinical settings. In addition to
certain biochemical and genetic predictive markers, lung ultrasound appears to be a useful screening
tool. When combined with clinical evaluation and risk factor assessment, it can help identify which
patients require a thoracic HRCT evaluation, which remains the gold standard for confirming an
ILD diagnosis.

Keywords: rheumatoid arthritis; interstitial lung disease; screening; risk factors; lung ultrasonography

1. Introduction

Interstitial lung disease (ILD) is one of the most prevalent and severe extra-articular
manifestations of rheumatoid arthritis (RA), significantly contributing to both morbidity
and mortality [1–7]. In patients with RA, the most frequent subtypes of ILD are usual
interstitial pneumonia (UIP) and non-specific interstitial pneumonia (NSIP). UIP associ-
ated with RA-ILD phenotypically resembles UIP associated with idiopathic pulmonary
fibrosis (IPF), both of which carry a high risk of progressive pulmonary fibrosis (PPF) and
increased short-term mortality. Additionally, some RA patients with NSIP-type ILD may
also experience progressive fibrosis [7].

The clinical course of RA-ILD is highly variable (8–10). In some patients, the disease
progresses to PPF, characterized by a rapid decline in lung function, rapid progression to
chronic respiratory failure, and increased risk of premature mortality. Although RA-ILD
can significantly impact patient prognosis, there is ongoing debate about when, whom,
and how to screen for this complication. This review examines the current landscape of
RA-ILD screening practices, highlights recent advancements, and explores future directions
in this area.
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2. Why Is Screening Necessary? Understanding the Extent of the Problem

ILD can develop at any point during the course of RA. In more than half of the cases,
ILD occurs after the diagnosis of RA, typically within the first 5 to 10 years [1–10]. In
these cases, late diagnosis is not uncommon, as lung involvement is often asymptomatic
or presents with only mild symptoms in its early stages. Indeed, when all individuals
with RA were screened for ILD using thoracic high-resolution computed tomography
(HRCT), a significant percentage of subclinical disease was detected (ranging from 11.9%
to 55.7%), confirming that this complication is frequently underdiagnosed [11,12]. Less
frequently, ILD may manifest at the onset of RA or even precede the joint manifestations
by several months or years. Data from our early RA cohort indicate that these situations
occur in 32.5% and 17.5% of cases, respectively [13]. In the latter circumstance, RA-ILD
is often misdiagnosed as an idiopathic form, despite the differences in prognosis and
treatment [1–3,6,14].

Although there have been significant improvements in prognosis over the past
25 years [15], ILD remains the second leading cause of death in RA patients, following
cardiovascular complications. Approximately 55% of RA-ILD patients experience disease
progression [16,17], with an estimated 40% meeting the criteria for PPF within 5 years of
onset [18,19]. Patients with RA-ILD have an adjusted mortality risk that is 3- to 10-fold
higher than that of RA patients without this complication, regardless of follow-up duration
or the presence of comorbidities [4,6,20]. The average survival time following an RA-ILD
diagnosis ranges from 2.6 to 8.1 years [5].

3. Screening for RA-ILD: Recommendations by Scientific Societies

Rheumatologists play a crucial role in screening patients with RA for ILD. Early
detection and assessment of RA-ILD are essential for initiating treatment promptly, as
patients may already have significantly impaired lung function at the time of RA-ILD
diagnosis. A pivotal study with 167 patients revealed that, at the time of diagnosis, 14% of
RA-ILD patients had a forced vital capacity (FVC) below 50% of the predicted value, and
29% had a hemoglobin-corrected diffusing capacity for carbon monoxide (DLCO) below
40% of the predicted value [16]. Another recent study showed that delayed diagnosis of
RA-ILD was linked to higher mortality rates [21]. However, there is still no consensus on
which RA patients should be screened for ILD.

In the absence of evidence supporting the effectiveness of universal screening, a
reasonable strategy is to implement selective screening based on clinical risk factors.

This approach was exemplified by the AR-EPIDSER Project, a collaborative effort be-
tween the Spanish Society of Rheumatology (SER) and the Spanish Society of Pulmonology
and Thoracic Surgery (SEPAR). The project developed a multidisciplinary proposal for
screening criteria aimed at the early identification of patients with RA-ILD [22].

Based on published evidence and using consensus-based techniques (Delphi method),
screening for ILD was proposed in three scenarios: (1) patients with a history of respiratory
symptoms (cough and/or dyspnea) lasting more than 3 months; (2) patients with dry
“velcro-like” crackles on respiratory auscultation, even if asymptomatic; and (3) in patients
without respiratory symptoms and with normal respiratory auscultation, screening will
be based on the score obtained according to their number of risk factors for developing
this complication [22]. Details of the proposal and the frequency of screening are shown in
Tables 1 and 2.
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Table 1. The AR-EPIDSER Project: proposed screening criteria for interstitial lung disease in patients
with rheumatoid arthritis [22].

ILD Screening Will Be Conducted in These Three Clinical Scenarios

(1) Patients with respiratory symptoms (such as cough and/or dyspnea) lasting for more than 3 months.
(2) Patients with dry, “velcro-like” crackles on respiratory auscultation, even if they are asymptomatic.
(3) For patients without respiratory symptoms and with normal respiratory auscultation, screening will be based on the score
calculated from the number of risk factors present for developing this complication.
Any patient with a score of ≥ 5 points will be considered eligible for screening.

List of variables and the suggested score for each variable used
in the overall calculation Score

Older age (≥60 years) 2
Male sex 1
Tobacco exposure (active or ex-smoker)

≤20 pack-years 2
>20 pack-years 3

RA duration of more than 5 years 1
Persistent moderate to high disease activity: an average
DAS28-ESR > 3.2 from the time of diagnosis in early RA
(defined as symptom duration ≤ 12 months) or a DAS28-ESR >
3.2 for at least 6 months in established RA

1

Serology (only the criterion with the highest weighting is
counted towards the total score):

RF positive > 3 times the ULN 1
ACPA-positive ≤ 3 times above the ULN 2
ACPA-positive > 3 times the ULN 3

Family history of ILD 1

Screening approach
For patients with cough and/or dyspnea >3 months, start with CXR and PFTs (spirometry, %pDLCO). Based on results, consider
thoracic HRCT *
For patients with dry ‘velcro-like’ crackles on auscultation, perform HRCT directly.
In asymptomatic patients with normal auscultation, if the risk score is 5–6, start with CXR and PFTs (spirometry and %pDLCO);
consider thoracic HRCT based on results *. If score ≥7, perform HRCT directly

Abbreviations: ACPA: anti-cyclic citrullinated peptide antibodies; CXR: chest X ray; DAS: Disease Activity Score;
HRCT: high-resolution computed tomography; ILD: diffuse interstitial lung disease; %pDLCO: predicted diffusing
capacity for carbon monoxide corrected for hemoglobin; PFTs: pulmonary function tests; RA: rheumatoid arthritis;
RF: rheumatoid factor; ULN: upper normal limit. * If PFTs are unavailable or there is a long waiting list, consider
thoracic HRCT directly to expedite diagnosis. Direct HRCT doesn’t exclude PFTs for ILD severity assessment.

Table 2. Frequency of screening for interstitial lung disease in patients with rheumatoid arthritis
according to the recommendations of the AR-EPIDSER Project [22].

Frequency of Screening

During the follow-up of RA patients, auscultation should be performed at least annually, along with specific questioning about
respiratory symptoms and an assessment of risk factors for ILD, based on the scoring system outlined above.
If ‘Velcro-like’ crackles or respiratory symptoms (cough and/or dyspnea >3 months) are detected during follow-up, repeat
screening tests as recommended, regardless of prior negative results
For asymptomatic patients with normal respiratory auscultation and a total score of ≥5, repeat screening tests (including
spirometry and %pDLCO) after one year, even if the initial results are negative.

Abbreviations: ILD: diffuse interstitial lung disease; %pDLCO: predicted diffusing capacity for carbon monoxide
corrected for hemoglobin.

This initiative is based on the consensus of a national panel of experts, and its effec-
tiveness in identifying these patients in clinical practice will need to be confirmed through
future validation studies. To address this, a multicenter study sponsored by the SER is
currently underway to evaluate its clinical utility. While awaiting the results, which may
take some time to become available, we conducted an external validation study of the
AR-EPIDSER criteria in our cohort of early RA patients diagnosed between 2003 and
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2023 [23]. In all cases, systematic screening for ILD was performed at diagnosis using
a targeted medical history, respiratory auscultation, chest X-ray (CXR), and pulmonary
function tests (PFTs), including %pFVC and %pDLCO. In cases of respiratory symptoms,
velcro-like dry crackles, or abnormalities on CXR or PFTs, a thoracic HRCT was performed.
Of the 146 patients included, 28 (19.1%) were finally diagnosed with ILD by HRCT. Ninety
patients (61.6%) met the AR-EPIDSER screening criteria for ILD at the time of RA diagnosis.
Among these patients, 28.8% had either clinical or subclinical ILD. Of the 56 patients who
did not meet the screening criteria at the onset of RA, only 1.3% developed ILD during
follow-up. The sensitivity of the criteria in our cohort was 92.8%, and the specificity was
45.7% (data pending publication). In 12 patients, ILD preceded the onset of joint symptoms.
Excluding these cases, where screening would not have been necessary, the sensitivity was
87.5%, while specificity remained at 45.7%. If the threshold is lowered to a score of ≥4
(instead of the cut-off of ≥5 established in the original document), sensitivity increases to
90.91%, but specificity decreases to 23.8%.

Based on these results, the AR-EPIDSER criteria for ILD screening demonstrate a
sensitivity greater than 90% in patients with early RA, supporting their use in daily clinical
practice. Given that the primary goal of screening is the early detection of this complication,
it is essential to employ a highly sensitive test in the initial phase to identify as many
cases as possible. This approach is consistent with the recommendations outlined in the
policy framework for population screening by the Public Health Committee of the Spanish
Ministry of Health [24].

After the publication of the AR-EPIDSER criteria, various scientific societies drafted
specific recommendations for ILD screening in patients with RA. Consistent with the
SER/SEPAR proposal, neither the American College of Rheumatology (ACR) nor the Aus-
trian Society of Rheumatology recommends universal screening for ILD in RA patients. The
recently published 2023 ACR/American College of Chest Physicians (CHEST) Guideline
for the Screening and Monitoring of ILD in People with Systemic Autoimmune Rheumatic
Diseases emphasizes that screening should be tailored to individual RA patients at high
risk for ILD [25]. Risk factors that may warrant screening include high titers of rheumatoid
factor (RF) or anti-cyclic citrullinated peptide antibodies (ACPA), cigarette smoking, older
age at RA onset, and high disease activity. Screening should be conducted using PFTs and
thoracic HRCT. If the initial screening is negative, it may be repeated annually. If ILD is
confirmed, it is recommended to repeat PFTs every 3 to 12 months during the first year and
adjust the frequency thereafter based on the patient’s clinical progression.

In the recommendations of the Austrian Society of Rheumatology, developed through
a Delphi consensus, no agreement was reached on the specific combination of risk factors
that would justify screening in asymptomatic patients [26]. The panel concluded that there
is currently insufficient evidence to support any specific scoring or weighting of these risk
factors. Consequently, they left the decision to the physician’s discretion, emphasizing that
the assessment of risk factors and the decision to initiate continuous RA-ILD screening
should be made on a case-by-case basis.

In contrast, the recommendations of the Portuguese Societies of Rheumatology and
Pulmonology [27] advocate for systematic screening of all RA patients using PFTs and CXR.
If abnormalities are detected, a thoracic HRCT should be conducted. The frequency of
reevaluation depends on the presence or absence of risk factors. For high-risk patients, it is
recommended to perform PFTs annually and HRCT every two years. In low-risk patients,
PFTs should only be repeated if symptoms develop.

4. Tools for Estimating the Risk of ILD in RA Patients

The main recognized risk factors for the development of ILD in RA include male
sex, older age, late disease onset, duration of RA, tobacco exposure, moderate or high
sustained RA activity, seropositivity for RF and/or ACPA, and polymorphisms in the
MUC5B gene [4,7,15,22,28]. In addition to the Delphi panel AR-EPIDSER proposal, several
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RA-ILD screening tools based on these risk factors have been developed. However, all of
these tools require further validation.

Paulin et al. [29] proposed a risk score model based on five variables: male sex
(1 point), smoking status (2 points), the presence of extra-articular manifestations (1 point),
Clinical Disease Activity Index (CDAI > 28: 1 point), and erythrocyte sedimentation rate
(ESR > 80 mm/h: 4 points). A total score of 2 points yields a sensitivity of 90.3% and a
specificity of 63.64% for identifying RA-ILD. When the score increases to 4 points, sensitivity
decreases to 51.9% while specificity rises to 90.9%.

A simpler risk estimation model, the Four Factor Risk Score, was proposed by
Koduri et al. [30]. This model is based on 4 risk factors: smoking (current or past), advanced
age, RF, and ACPA. By incorporating these factors, a risk score system was developed using
multivariate logistic regression models, which classifies patients as low- or high-risk on a
scale of 0 to 9 points. A threshold of 5 points provides a sensitivity of 86%, a specificity of
85%, and an area under the curve (AUC) of 0.76 (Table 3).

Table 3. Four Factor Risk Score model [30].

Score

0 1 2

Age at onset of RA <40 40–70 >70
Tobacco exposure Never Ex-smoker or current smoker
RF titer Negative Weak positive Positive
ACPA titer Negative Weak positive Positive

Abbreviations: ACPA, anti–citrullinated peptide antibody; RA: rheumatoid arthritis; RF: rheumatoid factor.

Another model, which incorporates factors such as sex, tobacco exposure, RF, C-
reactive protein, and plasma matrix metalloproteinase (MMP)-3, showed a C-index of 0.826
for accuracy in detecting RA-ILD compared to evaluations conducted by a multidisciplinary
team [31].

The VECTOR algorithm, designed to detect velcro-like crackles in lung sounds
recorded by an electronic stethoscope, demonstrated 93% sensitivity and 77% specificity for
identifying ILD on HRCT in RA patients [32]. However, the availability of such equipment
is limited.

A predictive score based on sex, age at RA onset, the RA Disease Activity Score in
28 joints using ESR (DAS28-ESR), and the MUC5B rs35705950 risk allele showed 75%
sensitivity and 85% specificity for identifying RA-ILD when compared to HRCT [33] but
this tool may be challenging to implement in clinical practice.

Finally, the VARA-ILD Combined Risk Score model was developed using data from a
North American cohort of veterans with RA. This model integrates five single nucleotide
polymorphisms (MUC5B, DSP, LRRC34, OBFC1, and FAM13A) along with male sex, age,
smoking status, disease activity assessed by DAS-CRP, and RF positivity, achieving an
AUC of 0.67 [34].

The ANCHOR-RA study is a multinational, cross-sectional study designed to create
a multivariable model for predicting RA-ILD, which could be applied to guide screening
for RA-ILD in clinical practice [35]. The study will enroll 1200 participants from USA, UK,
Germany, France, Italy, and Spain, all of whom will present with at least two risk factors
for ILD, such as male gender, smoking history, older age at RA diagnosis, or high disease
activity. This study will assess the prevalence of RA-ILD and investigate the effectiveness
of lung ultrasound as a screening tool, comparing its accuracy to HRCT for detecting ILD.

5. Biochemical and Genetic Markers

In the search for biochemical markers to predict the development of ILD in RA, neither
Krebs von den Lungen 6 (KL-6) nor anticarbamylated protein antibodies have demonstrated
predictive value superior to that of ACPA or RF [36–38].
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Preliminary data suggest that angiogenic T cells could serve as a useful biomarker for
this purpose [39]. Additionally, findings from a recent multicentre, prospective RA cohort
study have revealed that elevated concentrations of MMPs, particularly MMP-7 and MMP-
9, are associated with both the presence of RA-ILD and an increased risk of developing
incident ILD [40]. This association was especially strong for MMP-7, with participants in
the highest quartile of MMP-7 concentrations having nearly fourfold increased odds of
prevalent ILD and a twofold increased risk of incident ILD, typically developing within
an average of four years following cohort enrolment. Notably, higher plasma MMP-7
concentrations were predominantly observed in cases of prevalent RA-ILD with a UIP
pattern, while MMP-9 showed a modest correlation with impaired %pFVC. In recent years,
accumulating clinical evidence has supported the role of MMPs in the pathogenesis of
RA-ILD, independent of articular disease activity [40,41].

Regarding genetic biomarkers, the gain-of-function MUC5B rs35705950 promoter
variant has been identified as a significant risk factor for both IPF and RA-ILD with a UIP
phenotype [42]. Additionally, mutations in telomere-related genes such as DSP, LRRC34,
OBFC1, and FAM13A, which are associated with accelerated telomere shortening, have
also been implicated [34]. As previously mentioned, these genetic factors are beginning to
be incorporated into predictive risk models [33,34].

6. Usefulness of Lung Ultrasound

The role of lung ultrasound in screening for ILD in various systemic autoimmune
rheumatic diseases, including RA, has been increasingly investigated in recent years.
This technique is based on interpreting findings related to changes in the lung’s physical
properties, which are detected as artifacts rather than anatomical structures. Studies
assessing the usefulness of lung ultrasound for ILD screening have primarily focused
on evaluating B-lines and the pleural line. More recently, research has begun to explore
diaphragm function [43,44].

The B lines are reverberation artifacts associated with septal thickening. They appear
as well-defined hyperechoic vertical lines that begin at the pleural line and extend to the
bottom of the screen without fading. B lines, also referred to as “comet-tails,” are artefacts
that occur when the air content in the pulmonary parenchyma partially decreases and/or
the interstitial space expands in volume. They move synchronically with lung sliding. B
lines are not exclusive to ILD, as they can also be observed in other conditions such as
pulmonary oedema, and they do not allow for differentiation between the inflammatory
or fibrotic phases of ILD [43,44]. The presence of multiple B-lines is a key ultrasound
indicator of lung interstitial syndrome. In 2012, efforts to standardize this finding resulted
in a consensus definition, establishing the diagnostic criterion as the detection of three or
more B-lines in at least two areas on each side of the chest [45]. Pleural line abnormalities
include irregularities, thickening, microscopic consolidation, fragmentation, and subpleural
nodules. The cut-off for considering a pleural line as thickened is generally set at 2.4 mm,
although some authors suggest 2.8 mm [43,44]. For diaphragm evaluation, it is necessary
to assess diaphragmatic dysfunction, inspiratory thickness, expiratory thickness, and the
thickening fraction.

The strongest evidence supporting the use of lung ultrasound has been published
in systemic sclerosis (SSc), where the assessment of appearance, criterion, and construct
validity is more advanced, both in the early and advanced stages of the disease. In this
context, a strong correlation has been observed between B lines and thoracic HRCT or
PFTs (including %pFVC and %pDLCO) [43,44]. In terms of pleural line evaluation, some
researchers suggest it has a higher negative predictive value for ILD than B lines and better
differentiation from healthy controls [44].

To date, seven published studies [46–52] have evaluated the usefulness of pulmonary
ultrasound in screening for ILD in RA (see Table 4). In cases where ILD is suspected, mainly
because of respiratory symptoms and/or dry crackles on auscultation, the sensitivity
of pulmonary ultrasound compared with thoracic HRCT ranges from 62.2% to 98.3%.
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Specificity ranges from 14.7% to 97.6%, positive predictive value from 42.2% to 88.4%,
and negative predictive value from 69.5% to 87.5%. When the technique is used to detect
asymptomatic or subclinical DILD, sensitivity ranges from 90.6% to 97.1%, specificity from
73% to 97.3%, positive predictive value from 59.2% to 94.3%, and negative predictive value
from 94.7% to 98.6%.

Thus, lung ultrasound has proven to be a valuable tool for systematic screening of
ILD in patients with RA, demonstrating very high sensitivity and negative predictive
value. It serves as a useful complement to clinical information in identifying patients who
are candidates for thoracic HRCT, which remains the gold standard for confirming the
diagnosis of ILD. Moreover, Otaola et al. [46] found the diagnostic sensitivity of pulmonary
ultrasound to be higher than that of PFT and of dry crackles on auscultation.

Table 4. Studies on the usefulness of lung ultrasound in detecting interstitial lung disease in patients
with rheumatoid arthritis.

Number of
Patients

Population
Number of

Intercostal Spaces
Evaluated

Diagnostic
Criteria for ILD

Results
(Compared with

Chest HRCT)

Cogliati C
et al. [46]

39 RA Suspected ILD 72 and 8 72 IS >17 B-lines
8 IS >10 B-lines

8 IS >10 B-lines
Sensitivity 69%
Specificity 88%

72 IS >17 B-lines
Sensitivity 92%
Specificity 56%

Moazedi-Fuerst FC
et al. [47]

64 RA and 40
healthy controls

No respiratory
symptoms, normal

PFTs findings

18 B-lines in ≥2
chest areas
Pleural thickening
>2.8 mm and at
least 1
subpleural nodule

Sensitivity 97.1%
Specificity 97.3%
PPV: 94.3%
NPV: 98.6%

Otaola M et al. [48] 106 No respiratory
symptoms (ILD

detected by
thoracic HRCT

in 32)

14 ≥5 B-lines Sensitivity: 90.6%
Specificity: 73%
PPV: 59.2%
NPV: 94.7%
AUC: 0.82

PFTs
Sensitivity %pFVC:
28.1%
Specificity
%pDLCO: 63.3%

Crackles on
auscultation
Sensitivity: 68.8%

Santos Moreno P
et al. [49]

192 Respiratory
symptoms and/or

crackles on
auscultation

72 >11 B-lines Sensitivity: 98.3%
Specificity: 14.7%
PPV: 64.2%
NPV: 84.6%
AUC: 0.63
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Table 4. Cont.

Number of
Patients

Population
Number of

Intercostal Spaces
Evaluated

Diagnostic
Criteria for ILD

Results
(Compared with

Chest HRCT)

Mena Vázquez N
et al. [50]

71 35 with ILD and 36
without ILD

72 y 8 72 IS > 5 B-lines
8 IS > 5 B-lines

A 8-space reduced
score showed a
similar total
predictive capacity
than
72-space score.

8 IS >5 B lines
Sensitivity: 62.2%
Specificity: 91.3%
PPV: 88.4
NPV: 69.5%

Di Carlo M
et al. [51]

72 Suspected ILD 14 >9 B-lines Sensitivity: 70%
Specificity: 97.6%
AUC: 0.83
Positive likelihood
ratio of 29.4

Sofíudóttir BK
et al. [52]

77 Respiratory
symptoms

14 ≥10 B-lines or
pleural line
abnormalities
(thickening and
fragmentation)

Sensitivity: 82.6%
Specificity: 51.9%
PPV: 42.2%
NPV: 87.5%

Abbreviations: AUC: area under the curve; HRCT: high-resolution computed tomography; ILD: interstitial lung
disease; IS: intercostal space; NPV: negative predictive value; %pDLCO: predicted diffusing capacity for carbon
monoxide corrected for hemoglobin; %pFVC: predicted forced vital capacity; PFTs: pulmonary function tests;
PPV: positive predictive value.

Major limitations of the technique include the considerable heterogeneity in the pub-
lished evidence, particularly regarding B line echographic counts and indexes, the cut-off
points set to define the disease, and the types of equipment used (from high-range ultra-
sound devices to pocket-size devices), probes (cardiac, linear, or convex), and the exam-
iner’s experience. Since the first index based on 72 intercostal spaces, counts have gradually
decreased to 8 intercostal spaces in the search for easier performance while maintaining
precision. However, there is still no consensus on the learning curve, procedural steps, or
validated index needed to ensure its effective and reliable use in clinical practice.
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Abstract: Objectives: To describe the frequency of neutropenia and Felty syndrome in patients with
rheumatoid arthritis (RA) attended in routine clinical practice. Methods: We selected by random-
ization a sample of 270 RA patients attended from January 2014 to November 2022. Demographic,
clinical, and neutropenia-related variables were collected from the electronic medical records. Neu-
tropenia was defined as having an absolute neutrophil count (ANC) of less than 1500/mm3 once, and
acute if it persisted for <3 months. Felty syndrome was defined as RA-related neutropenia, rheuma-
toid factor (RF) and/or anti citrullinated protein antibody (ACPA) positivity. Results: We found
50 patients who had at least one neutropenia episode, with an incidence of 18.5% (14.0–25.6%). Most
were women, with age (mean, p25–p75) at the time of neutropenia of 61.5 (57.4–69.3) years, 85% RF+
and 76% ACPA+. The demographic and RA characteristics of patients with and without neutropenia
were very similar, except for sex: most patients with neutropenia were women. The 50 patients had
99 episodes of neutropenia; 59% were acute. The lower ANC was 1240 (1000–1395) mm3, and most of
the episodes were mild (74%). In 32% of cases, there was other cytopenia. The RA activity measured
by DAS28 in patients with neutropenia was low, at 2.18 (1.75–2.97). A total of 82 of 99 neutropenia
episodes were related to DMARDs, 60% to Anti-IL6 drugs in monotherapy, 13% to RA activity, 3%
to infectious diseases and 1% to hematologic malignancy. There were five (1.8%) cases with Felty
syndrome, but only one woman with the classic combination of RA, positivity of autoantibodies (RF
and ACPA), neutropenia and splenomegaly. Conclusions: In the 21st century, neutropenia in RA
patients is most commonly related to biologics, mostly IL6 inhibitors and methotrexate. Episodes are
mild, acute, with low RA activity, and associated with severe infections in few cases. Felty syndrome
is rare.

Keywords: rheumatoid arthritis; neutropenia; DMARDs; Felty syndrome

1. Introduction

Neutropenia in patients with rheumatoid arthritis (RA) occurs in 0.5 to 37% of cases
depending on several variables, mainly involving treatment with disease-modifying anti-
rheumatic drugs (DMARDs) [1–4]. In patients with early untreated RA, the frequency of
neutropenia is as low as 0.65–1.4% [3,4]. For RA patients treated with synthetic conventional
DMARDs (scDMARDs), this rate is about 8% (2–12%) [1]. In those treated with biologics
(bDMARDs), it is 14–19%, with higher values for IL6-inhibitors (IL6i) like tocilizumab
(1–10%) and anti-CD20 drugs like rituximab (3–27%) and lower ones for tumoral necrosis
factor inhibitors (TNFi) (2–3%) [1,2]. In those treated with Janus Kinase inhibitors (JAKi),
the rate is about 5% [1,2]. A recent study estimated the frequency of neutropenia in early
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AR, finding a value of 7.5% [1]. Neutropenia increases with the combination of scDMARDs
and bDMARDs, and significantly increases comorbidity and complicates the management
of the disease with DMARDs within the treat-to-target strategy [3,4]. The most common
complication of neutropenia, whatever the cause, is infection, which can be serious [1–3].
The risk of severe infection is greater if neutropenia is severe, if it appears quickly and
with a longer duration, if it is associated with chronic foci of infections, previous infections,
anemia or other cytopenia and if it occurs in the presence of certain comorbidities (chronic
kidney disease, lung pathology, heart failure or chronic infections). And the risk is mainly
for bacterial infections [1–3].

The etiology of neutropenia in RA patients is complex. Neutropenia can be congeni-
tal, a very rare condition that occurs with the same frequency as in individuals without
RA, or acquired, which is the most common. The causes of acquired neutropenia are i.
peripheral destruction by an autoimmune reaction or toxics (drugs as DMARDs or others);
ii. sequestration, either splenic (hypersplenism), in reticuloendothelial tissue or excess
of vascular marginalization of neutrophils; and iii. inadequate neutrophil production in
hematopoietic organs due to vitamin deficiency (i.e., folic acid deficiency in patients treated
with methotrexate), tumor invasion or toxicity (drugs as DMARDS or others) [1–4].

A special form of RA was described in 1924 as a combination of RA, leucopenia and
splenomegaly by Augustus Felty [5]. Currently, Felty syndrome is defined as the presence of
neutropenia (absolute neutrophil counts of less than 1500× mm3), splenomegaly and typical
antibodies (RF and/or ACPA) in RA patients. Although it has been described in association
with other autoimmune conditions as systemic lupus erythematosus; in these cases, the
term autoimmune neutropenia is preferred. Its prevalence is low and decreasing: 1% in 1985
to 0.5% in the 21st century [6]. Other common signs are extra-articular RA manifestations,
fever, anemia, mucosal and skin ulcers, respiratory tract infections, thrombocytopenia and
lymphadenopathy. These patients have poor prognostics [5,6].

The treatment of neutropenia depends on its etiology. If related to toxics, withdrawal
of the drug or toxic substance or material is recommended. In some cases, the addition of
folic acid supplementation is pursued. Optimizing the treatment of RA is useful, as in Felty
syndrome. Neoplasia should be looked for and treated, for example, by the screening and
treatment of large granular lymphocyte leukemia. In addition, the correct prevention of
infections with vaccination or antibiotic prophylaxis must be pursued in specific cases, as
well as the early treatment of associated infections [1–3].

The objectives of our study were to determine the frequency of neutropenia and Felty
syndrome, and to determine its clinical characteristics.

2. Materials and Methods

An observational, retrospective and analytical study was designed. From a database
of 858 patients with adult RA diagnosed according to ACR/EULAR criteria [7] treated in
usual clinical practice in the Rheumatology Department of the Virgen Macarena University
Hospital (a tertiary level hospital belonging to the Public Health System of Andalusia, in
Seville, Spain) from January 2014 to November 2022, we selected a sample. The sample size
was calculated based on an estimated prevalence of neutropenia of 10%, and the patients
were selected by randomization with a computer program. Patients without an accurate RA
diagnosis, those under 18 years of age, those with overlapping syndromes and those with
other immune mediated diseases were excluded. Demographic, clinical, laboratory and
neutropenia-specific data were collected from electronic medical records, with emphasis on
the identification of neutropenia. Neutropenia information was cross-checked with elec-
tronic laboratory records. Data on treatment were reviewed in the electronic prescription,
and its relationship with neutropenia was defined by the treating rheumatologist.

Definitions: Neutropenia was when the absolute neutrophil count (ANC) was≤1500/mm3

in a determination. Mild neutropenia (grade II) was diagnosed in patients with an ANC of
1500 to 1000/mm3; moderate (grade III) of 1000 to 500/mm3; and severe (grade IV) < 500/mm3.
Neutropenia was considered acute if it persisted <3 months and chronic if it persisted
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≥3 months. Anemia was defined as having a hemoglobin level <13 g/dL (men) and
<12 g/dL (women). Lymphopenia was defined as having an absolute lymphocyte count
of <1000/mm3. Thrombocytopenia was defined as having an absolute platelet count of
<140,000/mm3 (men) and <130,000/mm3 (women) [8,9]. Infection associated with the
neutropenia process was that present within 3 months of the detected neutropenia episode.
Felty syndrome was diagnosed if patients had rheumatoid factor positivity (RF+) and/or
anti-citrullinated protein antibody positivity (ACPA+) and/or neutropenia attributed to RA
activity; and classic Felty syndrome was if splenomegaly plus typical signs and symptoms
were present.

Statistical analysis was performed by descriptive statistics with calculation of median
and percentiles 25 and 75, percentages, and 95% confidence intervals. Nonparametric tests
were used to calculate p values (Xi2 and Mann–Whitney U tests), assuming non-normal
distribution of variables and unequal sample sizes. A logistic regression was performed
to determinate the variables related to neutropenia. In them, the dependent variable was
neutropenia, and the independent variables were those with clinical relevance and those
that, in the univariate analysis, showed a p value ≤ 0.2. Analyses were performed using
Stata version 13.1 (StataCorp LP, College Station, TX, USA). The study was approved by
the regional Ethics and Clinical Research Committee of the Andalusian Health Service.

3. Results

Out of a base of 858 patients with RA who attended usual clinical practice, 270
(30%) were randomly selected. The sample included 213 (79%) women. The median age
(percentile 25–percentile 75) at the time of the study was 61.5 (53.0–69.3) years. They had
an RA of 10.5 (6.6–18.2) years; 84% had RF+, 78% ACPA+ and 72% both FR+ and ACPA+.

Of the 270 patients included, 50 (18.5% CI95% 14.0–25.6%) had at least one episode of
neutropenia. The demographic and RA characteristics of both groups, with and without
neutropenia, were very similar, except for sex, since most patients with neutropenia were
women. Patients with neutropenia had other cytopenias, mainly thrombocytopenia. They
used bDMARDs most frequently, without statistical differences, as shown in Table 1.

Table 1. Clinical characteristics of patients with neutropenia.

Variable Neutropenia Without Neutropenia p Value

n % n %

50 19 220 81

Female sex 45 90 168 76 0.03

RF+ 43 86 184 84 0.6

ACPA+ 36 73 175 80 0.3

ACPA+ and RF+ 32 65 163 74 0.06

Other cytopenia 21 48 57 27 0.006
Anemia 19 38 47 21 0.01
Thrombocytopenia 11 22 12 5 0.0001
Lymphopenia 2 5 3 1 0.1

Splenomegaly 1 2 0 0

Felty syndrome 1 2 0 0

Deaths 2 4 2 1 0.1

DMARD 48 96 205 94 0.5
scDMARD 27 54 140 64 0.1
One 26 52 136 62 0.4
Two 1 2 4 2 0.1
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Table 1. Cont.

Variable Neutropenia Without Neutropenia p Value

n % n %

MTX 19 68 102 73 0.1
bDMARD 35 71 128 58 0.08
Monotherapy 1 2 20 7 0.09
Combo with scDMARD 16 32 73 33 0.09
sdDMARD 1 2 20 9 0.09
Combo with scDMARD 0 0 6 3 0.2

Median p25–p75 Median p25–p75

Age at diagnosis, years 45.7 38.2–53.7 48.5 39.1–57.9 0.1

Age (at time of neutropenia
or cut off), years 61.6 49.8–69.2 61.4 53.0–69.5 0.2

Disease duration, (at time of
neutropenia or cut off) years 11.6 6.4–21.3 10.4 6.6–17.7 0.5

RF title, U/mL 274 96.2–591.2 236 119.2–
367.7 0.2

ACPA title, U/mL 299 87–343.5 340 113.7–359 0.2
RF: rheumatoid factor, ACPA: anti-citrullinated protein antibody positivity, DMARD: disease-modifying anti-
rheumatic drugs, scDMARD: synthetic conventional disease-modifying anti rheumatic drugs, MTX: methotrexate,
Combo: in combination with, sdDMARD: synthetic directed disease-modifying anti-rheumatic drugs. Data are
presented as median and percentiles 25 and 75 (p25 and p75).

3.1. Multivariate Analysis

In the best logistic regression model, the variables that were associated with neutrope-
nia were treatment with IL6i, the presence of other cytopenias, and female sex. Neither
activity according DAS28, age or the duration of the RA showed association. The data are
shown in Table 2.

Table 2. Logistic regression model.

Variable Odds Ratio 95% Confidence Interval

n = 256
p = 0.0001

LR Chi2 42.5
p Value

IL6 inhibitors 10.73 3.56–32.2 0.0001

Other cytopenia * 3.83 1.93–7.60 0.0001

Gender, female 5.10 1.36–19.18 0.01

TNF inhibitors 2.50 1.0–6.29 0.05

Rituximab 4.18 0.32–62.8 0.2

DAS28 1.35 0.95–1.90 0.08

Age 0.99 0.95–1.02 0.6

Disease duration 1.01 0.97–1.05 0.5

* includes anemia, thrombocytopenia or lymphopenia. LR Likelihood ratio. DAS28 Disease activity score with
28 joint count.

3.2. Neutropenia Episodes Features

A total of 50 patients had 99 episodes of neutropenia (Table 3); 59% episodes were acute
and 41% chronic. The lower ANC was 1240 (1000–1395) mm3, and most of the episodes
were mild (74%). In 32%, there was other cytopenia: anemia in 19%, thrombocytopenia in
14% and lymphopenia in 9%.
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Table 3. Main characteristics of neutropenia episodes.

Variable n %

Patients 50 18.5

Number of episodes of neutropenia
1 26 53
2 7 14
3 9 18
4 5 10
5 1 2
7 1 2
Total 99 100

Duration of neutropenia
Acute 58 59
Chronic 41 41

Severity of neutropenia
Mild 73 74
Moderate 20 20
Severe 6 6

Cause of neutropenia
Drugs 78 78
RA activity 13 13
Systemic viral infections 3 3
Hematologic cancer 1 1

Neutropenic episodes occurred in older patients with long-standing illnesses. Interest-
ingly, the RA activity measured by DAS28 at each neutropenia episode was low, at 2.18
(1.75–2.97). The most common adverse event related to neutropenia was infection in 12
(12%) cases. Most infections were mild, auto-limited and resolved with symptomatic or
oral antibiotic therapy; 6% of those were of the upper respiratory tract and 4% of the lower
urinary tract. There were two (2%) severe infections: one case of herpes simplex keratitis
and another of pneumonia by K. pneumoniae, which we describe below.

Regarding etiology, neutropenia drugs (78%) and RA activity (13%) were the most
common causes. Biologics were related to 79 episodes of neutropenia: IL6i in 54, with
tocilizumab either in monotherapy (40%) or in combination with scDMARDs (19%) as
the bDMARD. The second one was TNFi, in 24 episodes, etanercept either in monother-
apy (11%) or combination (6%), followed by adalimumab and infliximab. The third was
rituximab, with only one case. scDMARDs were, as a group, the second most common
cause of neutropenia either in monotherapy or combination with biologics in 44 episodes.
Methotrexate in monotherapy caused 20% of episodes, and methotrexate with bDMARDs
caused 41% of episodes. The JAKi were related to neutropenia episodes only in 3% of cases.
In addition, the treatment of oncologic conditions was related to two episodes (Table 4). In
total, 86% of neutropenia episodes were resolved: 59% spontaneously, 31% with reduction
in the dose of DMARD, 11% with stopping DMARD, and 4% changing DMARD.
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Table 4. Drugs related to neutropenia episodes.

Synthetic Conventional DMARDs Either in Monotherapy or in Combination with Biologic DMARDs

Type Monotherapy
Combo with Synthetic

Conventional DMARDs
Combo with Biologic

DMARDs
Total

Total

n (%) n (%) n (%) n (%)

Methotrexate 9 (20) 1 (2) 18 (41) 28 (64)

Leflunomide 3 (7) 1 (2) 6 (14) 10 (23)

Hydroxychloroquine 0 1 (2) 5 (11) 6 (14)

Total 12 (27) 3 (7) 29 (66) 44 (100)

Biologic DMARDs related to neutropenia

Tocilizumab 32 (40) 15 (19) 47 (59)

Etanercept 9 (11) 5 (6) 14 (18)

Adalimumab 3 (4) 4 (5) 7 (9)

Sarilumab 5 (6) 2 (2) 7 (9)

Infliximab 0 3 (4) 3 (4)

Rituximab 1 (1) 0 1 (1)

Total 49 (62) 29 (37) 79 (100)

Targeted synthetic DMARDs related to neutropenia

Baricitinib 2 (66) 0 2 (66)

Upadicitinib 1 (33) 0 1 (33)

Total 3 (-) 0 3 (100)

Other treatments

Rucaparib 1 (50) 0 1 (50

Carboplatin/
paclitaxel 1 (50) 0 1 (50)

Total 2 (100) 0 2 (100)

DMARDs: disease-modifying anti rheumatic drugs.

3.2.1. Description of Cases with Severe Infections

• Case 1. The patient is a 79-year-old woman with RA FR+, ACPA+, erosive and sicca
symptoms with a duration of 23 years. She had received multiple scDMARDs and,
since 2010, tocilizumab monotherapy, maintaining remission with DAS < 2.4. Her co-
morbidities include arterial hypertension and stable stage 3a chronic kidney disease. In
October 2022, when she was receiving tocilizumab at a reduced dose (162 mg/2 weeks)
during an episode of mild acute leucopenia and neutropenia for two months (total
leukocytes 3990× mm3, total neutrophils 1310× mm3, total lymphocytes 1380× mm3,
platelets 190,000× mm3, serum creatinine 1.02 mg/dL, glomerular filtration rate
53 mL/min, erythrocyte sedimentation rate (ESR) 7 mm/hour, C-Reactive protein
(CRP) 0.3 mg/L), she was admitted to the emergency room with a red left eye, pho-
tophobia plus epiphora. The ophthalmologists established the diagnosis of herpetic
keratitis, and she was treated on an outpatient basis with topical ganciclovir with
resolution after 7 days, without recurrence. Tocilizumab was discontinued during the
infection and restarted in reduced doses, according to the label [10]. She currently re-
mains in remission with tocilizumab (162 mg/2 weeks/SC) and has not had infections,
keratitis or neutropenia.
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• Case 2. The patient is a 79-year-old woman with RA, FR+ ACPA+, erosive plus fi-
bromyalgia and bronchial asthma of 25 years. After multiple scDMARDs, she started
her first biologic, tocilizumab, in 2009, and maintained remission with reduced dose
(4 mg/kg/IV each 28 days). The reduction in dose was due to good clinical response
but moderate neutropenia. She was admitted due to fever, chills, cough with hemop-
toic sputum plus left pleural pain during 5 days. A pulmonary condensation image
in the left base and a positive blood culture for Klebsiella pneumoniae were confirmed.
At the time of pneumonia, RA was in remission (DAS28VSG 2.1) without leukope-
nia or neutropenia (total leucocytes 6900× mm3, and total neutrophils 6430× mm3)
but severe lymphopenia (130× mm3) and mild thrombocytopenia (total platelets
129,000× mm3), ESR 2 mm/hour, CRP 46.1 mg/L. After 10 days of IV antibiotic ther-
apy, the condition resolved. Tocilizumab was restarted one month later and was
discontinued after 10 months due to chronic moderate neutropenia, according to the
label [10]. She was switched to etanercept, which is maintained to date at 50 mg/week
SC. She is in remission, without infections and without neutropenia.

3.2.2. Classic Felty Syndrome

Five of fifty (1.8%) patients with neutropenia had characteristics of Felty Syndrome,
i.e., neutropenia plus RF+ and/or ACPA+, but just one of the three classic features (RA,
FR+ and ACPA+, neutropenia and splenomegaly), for a prevalence of 0.3% of the total
of patients.

• Case 3. Felty Syndrome. The patient is a 46-year-old woman with RA according to
EULAR/ACR criteria [7], with poor prognostic characteristics (high levels of activity,
RF+, ACPA+, erosions and poor physical function) as evaluated in 2011, with poor
compliance. From 2011 to 2015, she received irregular treatment with methotrexate,
leflunomide, and low doses of oral prednisone and refused bDMARDs. In 2019,
she returned to the clinic with six swollen joints, eight tender joints, 6 cm of visual
analogue scale of pain (0 = no pain to 10 = maximum pain), and 6 cm of VAS of RA
activity (0 = no activity to 10 = maximum activity), with DAS28PCR 5.07, HAQ 1.5
and poor perception of health. We found hand deformity with ulnar burst and swan
neck fingers (Figure 1).

Figure 1. Hands of patient with Felty syndrome. She has characteristics swan neck deformity,
metacarpophalangeal subluxation and ulnar blunt.
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Her laboratory data were as follows: hemoglobin 10.7 g/dL, total leukocytes 3850× mm3,
total neutrophils 1000× mm3, serum IgA 693 mg/dL, serum IgG 2706 mg/dL, serum IgM
868 mg/dL, FR 522 UI/dL, ACPA > 340 U/mL, ESR 35 mm/hora, CRP 15 mg/dL. Her
X-rays showed ulnar subluxation of bilateral first finger interphalangeal, with erosions in
carpals, metacarpophalangeal and proximal interphalangeal (Figure 2) as well as erosions
in metatarsal heads.

Figure 2. Anteroposterior hand X-ray with subluxation of the metacarpophalangeal and interpha-
langeal joints of first fingers, and erosions in metacarpal heads and proximal interphalangeal heads.

Treatment was attempted with adalimumab and etanercept, which she did not tolerate
and preferred low doses of prednisone (1.25 to 5 mg/day). She evolved poorly with
persistent RA activity (DAS28-PCR index between 4.5 to 6.0) and pancytopenia (mild to
moderate anemia, neutropenia, lymphopenia, and thrombocytopenia), without clinical
manifestations. Abdominal ultrasound was performed for suspected Felty syndrome,
confirming 14 cm splenomegaly (Figure 3).

Figure 3. Splenomegaly with spleen of 14 cm.
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The patient did not agree to complete the hematological study (bone marrow aspiration
and large granular cell leukemia study). After multiple attempts to reach a consensus on
diagnostic test and treatment without success, she was admitted due to fever, nosebleeds
and anemic syndrome related to severe thrombopenia plus pancytopenia. Upon admission,
she had fever without infection. After multiple blood urine cultures and specific serology,
her laboratory tests showed Hb 7.9 g/dL, hematocrit 26.4%, total leucocytes 3770× mm3,
total neutrophils 1400× mm3, platelets 28,000× mm3, serum IgA 1004 mg/dL, serum
IgE 107 UI/mL, serum IgG 6038 mg/dL, serum IgM 611 mg/dL, ESR 125 mm/hora,
CRP 22.4 mg/L, serum amyloid 3.34 mg/L, procalcitonin 0.32 ng/mL, RF 5623 U/L and
ACPA > 340 U/mL. Multiple myeloma (absence of serum monoclonal protein, heavy chain
expression by immunofixation, urinary monoclonal protein) and large granular lymphocyte
leukemia (absence of CD8+ cell proliferation by flux cytometry) were ruled out (Figure 4).

Figure 4. Flow cytometry dot plots that show absence of clonal expansion of NK cells expressing or
not CD8+.

She accepted treatment with biannual rituximab. Until the last review, she had received
two cycles of 1000 mg IV (day 0 and day 15), with the last one in March 2024, without
complications. There was evidence of improvement in inflammatory activity DAS28PCR,
1.8, anemia and thrombocytopenia, but so far, not for the remaining laboratory parameters.
She had Hb 14.5 g/dL, total leukocytes 2000× mm3, total neutrophils 1060× mm3, platelets
53,000× mm3, ESR 121 mm/h, CRP 1.3 mg/L, RF 4935 UI/mL and ACPA > 340 U/mL.
She had had mild upper respiratory tract infections managed on an outpatient basis and
agreed to continue the treatment but not with aggressive diagnostic tests.

4. Discussion

In the 21st century, neutropenia in RA patients is a common finding, with values
between 0.5% to 37% (1–3). In our sample of RA patients, it was 18.5% (14.0–25.6%), in
agreement with these values. With the introduction of the T2T strategy since 2010 [11],
the characteristics and consequences of neutropenia in RA patients have changed. Recent
studies report that in early RA without DMARD treatment, neutropenia occurs uncom-
monly (in less than 1.5% of cases), and congenital neutropenia should be ruled out [1–4].
In established RA, the prevalence is much higher, and the main cause of neutropenia is
treatment with DMARDs, mainly bDMARDs with prevalences of 14.3% to 19%, followed
by RA activity. Our retrospective series included patients with a mean of 61 years, long-
lasting disease and a high proportion of RF and ACPA positivity, and the frequency and
causes of neutropenia were like those in other studies [1–3]. Between the biologics, those
most common related with neutropenia were IL6i drugs, mainly tocilizumab followed by
rituximab, and lastly, by TNFi drugs. scDMARDs were the second most common cause of

107



J. Clin. Med. 2024, 13, 7677

neutropenia after bDMARDs, mainly methotrexate. And JAKi were the third group related
to neutropenia [1–3]. These findings were very similar to ours, with 79% of episodes of
neutropenia for bDMARDs mainly involving IL6i (59% tocilizumab and 9% sarilumab),
followed by TNFi drugs in 24% (18% etanercept, 9% adalimumab and 4% infliximab), and
JAKi in 3%. Maybe rituximab was the last due to the low prevalence of use of rituximab
in our cohort. In our series and in the recent literature, no cases were related to NSAIDs,
maybe because the prevalence of use of NSAIDs has reduced, according to recommen-
dations for RA treatment [12]. The use of oral or parenteral corticosteroids has not been
correlated with neutropenia either in our or in other studies [1].

In multivariate analysis, neutropenia was correlated to drugs, especially bDMARDs,
particularly IL6i, and with sex and the presence of other cytopenia [1–3,10,13]. As with the
prevalence of neutropenia, the causes of it are different between DMARDs classes, and even
within the same class [1–3]. In the case of tocilizumab, moderate (grade III) neutropenia
occurred in 7% of RA patients [13]. Although the mechanism of neutropenia associated
with tocilizumab is unknown, up-to-date blocking of IL-6 in has an effect on neutrophil
recruitment from bone marrow and in the regulation of its selection and expression, but
the proposed mechanisms have no effects on the neutrophils function [13,14]. These data
are like sarilumab, the other IL6i used in RA patients [15]. For the case of TNFi, the
causes of neutropenia are different and varied: decreased upregulation of pro inflammatory
cytokines (IL-1, IL-6, IL8 and granulocyte-macrophage colony-stimulating factor), all of
them involved in the differentiation and maturation of neutrophils and hematopoietic
cells. Also in increases in the peripherical consumption of neutrophils, and imbalances
between apoptosis and their survival, mainly accelerated neutrophil apoptosis. Even
these effects are different between monoclonal antibodies or soluble receptors against
TNF [16,17]. In the case of rituximab, the exact frequency of neutropenia is difficult to
estimate due to the highly variable posology in RA patients [1–3]. The onset of neutropenia
in rituximab patients is late, after 4 weeks of the last dose, without another identifiable
cause, and its frequency is about 1.3% to 6.5% [18,19]. Several mechanisms are postulated,
highlighting the interference with the output of neutrophils from the bone marrow during
B cell recovering, imbalance between granulopoiesis vs. lymphopoiesis, and arrest in the
maturation of promyelocyte stage [18,19].

For csDMARDs the prevalence of neutropenia is about 8%, similar between methotrex-
ate, leflunomide or sulfasalazine. Here, the mechanisms are different [1–3]. Methotrexate
was discovered in the mid-20th century and introduced for the treatment of RA between
1951 and the 1970s; after more than 60 years of use, it is the anchor drug treating RA [20].
With the actual dose regimen of a low dose of methotrexate recommended (between 10
and 25 mg/week plus folic acid supplementation of 5 to 15 mg/week), the frequency of
neutropenia is about 6.5% [21]. Data confirmed in other cohorts methotrexate-exposed
populations [22]. The cause of methotrexate-related neutropenia is not elucidated but may
be related to the competitive inhibition of the enzyme dihydrofolate reductase and depleted
hepatic folate stores, without effect in the adenosine pathway [20–22]. Whatever the mech-
anisms of neutropenia associated with DMARDs, in ours and in most of the published
works, neutropenia was mild, acute, of a single episode, and was resolved with DMARD
dose reductions. As in other series, risk factors of neutropenia were female sex, pre-existing
neutropenia, and presence of other cytopenia [1–3,10,13–22]. A specific protocol of cytope-
nia related to methotrexate [20], IL6i [10,23] and other DMARDs has been developed and
should be implemented in clinical practice according to the label. It is simple and includes
baseline medical history with emphasis in infection, neutropenia and other medication
history; complete blood counts should be taken at 2 to 3 months depending on the clinical
condition and type of DMARDs. In addition, vaccination, specific prophylaxis protocols,
reduction in the use of steroids, and the management of comorbidities and concomitant
drugs related to neutropenia and infection risk (diabetes, lung disease, chronic kidney
disease, etc.) should be undertaken. If infection is suspected, early treatment should be
initiated to reduce morbidity and mortality [24,25]. In a case of severe neutropenia, either
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febrile or not, the patient should be hospitalized, and a multidisciplinary team should start
the specific protocol [26,27].

Autoimmune causes of neutropenia and Felty syndrome after the introduction of
the T2T strategy of RA treatment as cause of neutropenia are rare, as in our series [1–4,6].
However, in our series, the patients with neutropenia were older and had long-lasting
disease. Felty syndrome prevalence was 0,3% of the total. Case 3 showed, in addition,
poor therapeutic adherence. The diagnosis of RA activity as cause of neutropenia in Felty
syndrome is determined by exclusion, after discarding drug toxicity (DMARDs and non-
steroid anti-inflammatory drugs (NSAIDs), and painkillers as the most common), followed
by infections. Again, baseline medical history with emphasis on RA activity index, physical
examination, folic, B12 or cupper deficiencies should be tested. Acute-phase reactants are
usually elevated, except in patients treated with IL6i, where they may be decreased [23]. In
some cases, if it is possible, antibodies against granulocytes of pan-RF-γIIIB type can be
useful [2]. Once toxicity drugs or other toxic materials, infection or neoplasia have been
ruled out, RA treatment should be intensified following the T2T strategy [11,12,20,24,25].

Nowadays, the frequency of Felty syndrome is very low at about 0.5% [6]. In these
patients, it is relevant to confirm RA treatment adherence. RA activity searches should be
completed with image studies to confirm splenomegaly. Of particular interest is ruling
out large granular lymphocyte leukemia and multiple myeloma, as well as some uncom-
mon chronic parasitic and fungal infections. In the multidisciplinary team, the inclusion
of a hematologist and infectious disease expert is mandatory [2–6]. Some cases of Felty
syndrome have been informed by effective treatment with rituximab, tocilizumab, etaner-
cept or abatacept, even intravenous gamma globulins, without consensus about the best
one [28–33]. In any case, the intensification of the T2T strategy in consensus with the patient
should be implemented.

The study limitations are of course the retrospective design and the absence of a control
group. But the results, according to recent previous studies and the scarcity of works with
clear prevalence estimations and clinical course of the patients, reinforce the data.

5. Conclusions

In the 21st century, neutropenia associated with RA is common and especially related
to T2T strategy and DMARDs. Most of the episodes were mild, of short duration and
not related to infections. The frequency of classical Felty syndrome is half that of the last
century, with effective therapeutic alternatives.
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Abstract: Background/Objectives: The therapeutic aim for rheumatoid arthritis (RA) is to con-
trol disease activity and prevent radiographic progression. Various clinical scores are used to as-
sess disease activity in RA patients. The DAS 28 score can define states of low disease activity
(LDA) and remission. Despite achieving LDA or remission, radiographic progression may, neverthe-
less, occur. However, the rates and frequency of this occurrence have not been analyzed in detail.
(1) To characterize radiographic progression in patients with persistent DAS 28-defined LDA or
remission. (2) Analyze the potential benefits of modifying therapeutic strategies in response to
observed radiographic progression in patients with persistent LDA or remission. Methods: An
analysis was conducted on RA patients enrolled in the SCQM (Swiss Clinical Quality Management)
cohort. Persistent LDA or remission was defined as DAS 28 ≤ 3.2 or <2.6, respectively, recorded at
two consecutive follow-up time points. Inclusion criteria involved patients with a minimum of two
sets of radiographs taken during these LDA and/or remission periods. Radiographic progression
was measured using the Ratingen score, a numerical scale ranging from 0 to 190, which quantifies
joint erosions. Repair was defined as a decrease in the Ratingen score > 5 points/year, while progres-
sion was characterized by an increase of >1, >2, or >5 points change in the Ratingen score within a
one-year timeframe. Results: Among 10′141 RA patients, there were 1′447 episodes of remission and
2′614 episodes of LDA, with two sets of X-rays available for assessment during these episodes. The
rates of radiographic progression (>5 points change in the Ratingen score per year) were 11.2% for
LDA and 8.8% for remission. Therapeutic adaptations were made in 7.0% of patients in remission
and 12.9% of patients in LDA following radiographic progression. After radiographic progression
despite LDA, loss of LDA was observed in 19% of patients with treatment intensification versus
in 8.5% under continued treatment during follow-up within 36 months. Conclusions: We report a
considerable rate of radiographic progression occurring in RA patients with LDA or clinical remission.
Notwithstanding minor radiographic progression, maintaining therapeutic continuity seemed more
favorable than altering the therapeutic regimen.

Keywords: rheumatoid arthritis; disease activity; radiographic progression; remission

1. Introduction

Rheumatoid Arthritis (RA) is a chronic inflammatory disease leading to joint damage [1].
Treatment decisions for RA patients, as recommended by the European League Against Rheuma-
tism (EULAR), should consider disease activity, progression of structural damage, comorbidities,
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and safety concerns [2]. Conventional radiographs of the hands and feet are crucial for assessing
radiographic damage progression, both in clinical trials and routine practice [3,4]. Over the past
two decades, an encouraging effect on radiographic progression has been reported for various
conventional, biological, and targeted synthetic DMARDs (disease-modifying anti-rheumatic
drugs). The majority of clinical studies have shown inhibition or at least a deceleration in
radiographic progression for all therapeutic compounds [5–8].

Disease activity can be measured by various scores, such as the Disability Assessment
Score 28 (DAS 28) [9], Clinical/Simplified Disease Activity Index (C/SDAI) [10], and others
not listed here. Radiographic progression is measured as a continuous variable, e.g., by the
Sharp van der Heijde [11] or the Ratingen score [12], among many others. For pragmatic
reasons, it can only be dichotomized into progression or non-progression. Clinical disease
activity scores, continuous variables, can categorize patients as high, moderate, or low
disease activity (LDA) or remission.

As defined by the EULAR recommendations, “inhibition of damage progression by radiog-
raphy is still a pivotal outcome for the classification of a drug as a DMARD” [2,9,13]. However,
little is known about the management approach when radiographic progression occurs
despite clinically assessed LDA or remission. Several studies have shown that patients
can experience radiographic disease progression despite achieving good clinical outcomes,
such as low DAS 28 scores [14–18]. The question remains open whether radiographic
progression is a good reason for a therapeutic change and whether treatment adaptions
lead to a beneficial outcome considering the patient’s disease activity.

Hypothesis: this study analyzed whether changing therapy in patients with radio-
graphic progression despite LDA or remission is beneficial.

2. Materials and Methods

2.1. Study Population

The analysis included all rheumatoid arthritis (RA) patients from the SCQM RA cohort
who achieved a disease activity score (DAS 28)-defined low disease activity (LDA) (≤3.2) or
remission (<2.6) designation at two consecutive follow-up visits, with a minimum interval
of 90 days. Intervals of LDA or remission were defined between the first and the last
documented time point in LDA or remission without any visits in between indicating
loss of LDA or remission. Within intervals of LDA or remission, we searched for the first
radiographic interval (≥2 sets of radiographs of hands and feet) to derive radiographic
progression during LDA.

Radiographs were scored using the Ratingen score [12]. The Ratingen score is an erosion
score ranging from 0 to 190, allowing the classification of joint destruction from 0 to 5 per joint.
Each grade represents 20% of joint surface destruction. It is assessed in a total of 38 joints.
The changes in Ratingen scores were standardized to describe yearly progression: Ratingen
scores time difference between the radiographs in days ×365.25 days/year.

The patients/episodes were grouped according to their radiographical progression.
Repair: reduction of Ratingen score >5 points/year, no change: ±1, ±2, ±5 Ratingen

points/year, progression: 5–10, 10–20, 20–40, >40 Ratingen points/year for patients in LDA
or remission.

Demographic and clinical data including age, sex, time to diagnosis, rheumatoid factor
positivity, anti-cyclic citrullinated peptide antibody (ACPA) positivity, body mass index,
DAS 28, erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), Health Assessment
Questionnaire-Disability Index (HAQ-DI), and smoking status were analyzed for each
patient group separately.

Clinical progression in relation to therapeutic continuity or adaptation was also assessed.
Patients in LDA or remission with radiographical progression were followed and

observed for increases (number and time to increase) in DAS 28 ≥ 2.6 ≥ 3.2, grouped
depending on their subsequent treatment scheme (adaptation vs. continuity approach).

The administered medicinal agents resulting in therapeutic change after radiographic
progression in LDA or remission were analyzed independently for patients in LDA, remis-
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sion, and radiographic progression. If a therapeutic change was introduced 20 days prior
to 100 days after a radiographic progression, this patient was grouped as an intervention
due to radiographic progression.

2.2. Statistical Analysis

The descriptive analyses of patient disease characteristics were compared using stan-
dard descriptive statistics. Continuous variables were compared using a Student’s t-test
and categorical variables with a Chi2 (χ2) test. All statistical analyses were 2-sided at
the 0.05 significance level. The analyses have been performed using GraphPad Prism 5
software and R.

Radiographic progression was analyzed as a continuous outcome (i.e., the yearly rate
of damage progression).

Multivariate analysis was conducted, adjusting for potential confounders and includ-
ing various clinical, radiological, and patient-centered functional scores. The confounders
considered were age, sex, disease duration, rheumatoid factor and ACPA positivity, DAS
28 level, disease duration, and number of previously used DMARDs.

The baseline disease characteristics were compared using standard descriptive statis-
tics. Ratingen scores, DAS 28, and HAQ-DI scores were analyzed with the Wilcoxon
signed-rank tests.

3. Results

3.1. Group Definition

Out of 10′141 RA patients in the SCQM cohort (1998–2020), 5′525 patients were selected,
with 6′962 episodes in LDA. Within these 6′962 episodes in LDA, 11′803 sets of hand and
foot X-rays of hands and feet were taken, and 2′614 periods of LDA were available with
≥2 sets of radiographs to analyze radiographic progression during LDA.

Similarly, 4′051 episodes of remission in 4′051 RA patients were found. Within these
episodes of remission, 9′020 sets of hands and feet X-rays were taken, and 1′447 periods in
remission with ≥2 radiographs were available for analysis.

3.2. Definition of Radiographical Progression vs. Non-Progression

Radiographic non-progression was significantly more frequent among patients in
remission compared to LDA. The radiographic progression was analyzed as a calculated
yearly increase in Ratingen scores of >1, 2, or 5 points/year.

In detail, 374 (25.8%), 146 (10.1%), and 128 (8.8%) patients progressed radiographically
in remission, as compared to 1075 (38.0%), 739 (26.1%), and 317 (11.2%) in LDA with
> 1 (χ2: 78.5139, p < 0.00001), 2 (χ2: 50.3102, p < 0.00001), or 5 points in the Ratingen
score/year (χ2: 5.768, p = 0.016), respectively (Table 1, Figure 1).

Table 1. Change in Ratingen scores in patients in LDA or remission.

LDA (n = 2826) Remission (n = 1447)

Repair * 4.8% 1.6%
No change ±1 Ratingen points/year 41.2% * 58.7% *
No change ±2 Ratingen points/year 61.0% * 81.8% *
No change ±5 Ratingen points/year 84.0% * 96.5% *
Progress 5–10 Ratingen points/year 7.0% * 1.9% *
Progress 10–20 Ratingen points/year 3.0% * 0.8% *
Progress >40 Ratingen points/year 0.14% 0%

* Statistically significant differences p < 0.05.

In parallel, 208 (4.8%) patients in LDA and 23 (1.6%) patients in remission devel-
oped repair, as defined by a decrease in Ratingen scores > 5 points (Chi-square 286.7425,
p < 0.00001, Table 1, Figure 1).
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Figure 1. Radiographic-determined change/year within periods of LDA (blue) and remission (red)
were analyzed separately for both patient groups. The groups were normalized to reflect progression
observed between 2 sets of radiographs: 1447 patients in remission and 2614 patients in LDA.

3.3. Demographic Data

Based on these definitions of radiographic progression in LDA or remission, demo-
graphic data were analyzed per group and for the respective subgroups: patient groups
were similar for age, sex, BMI, disease duration, DAS 28, HAQ-DI, ACPA, and rheumatoid
factor independently, whether their changes in Ratingen scores/year were judged as re-
pair, status quo, or progression independently or whether the patients were in continued
remission or LDA. Interestingly, patients developing repair of joint erosions were younger
(59.0 years vs. 68.7 years, all patients in remission in the analysis) and less frequent rheumatoid
factor positive (60.9 vs. 71.5%, all patients in remission in the analysis, Tables 1 and 2).

Table 2. Demographic data.

LDA Remission

Change in Ratingen Score
(Points/Year) (Years)

Repair > −5
No

Change,
±1

No
Change,
±2

No
Change,
±5

Progress >5 Repair >−5
No

Change,
±1

No
Change,
±2

No
Change,
±5

Progress >5

Age (years, av) 50.0 53.8 56.9 56.9 59.0 59.0 69.1 69.0 68.9 67.7
Sex (% female) 69.8 69.6 72.4 72.4 65.2 65.2 70.4 70.1 70.5 78.6

Time to diagnosis (years) 7.4 7.0 6.4 6.4 13.1 13.1 14.2 14.1 14.2 18.1
Rheumatoid factor pos. (%) 70.8 76.7 70.3 71.6 60.9 60.9 69.3 70.5 71.3 92.9

ACPA pos. (%) 57.9 66.3 43.4 40.8 73.7 73.7 70.3 70.8 71.3 84.2
BMI (kg/m2, av) 24.7 25.2 25.1 25.1 28.5 28.5 25.6 26.0 26.1 19.0

DAS 28 1.8 1.9 2.3 2.3 2.1 2.1 1.8 1.8 1.8 1.8
ESR (mm/h, av) 8.5 8.7 8.9 8.9 14.7 14.7 11.1 11.4 11.4 10.2
CRP (mg/L, av) 4.6 3.9 4.0 4.3 4.7 4.7 3.7 3.5 3.4 1.0

HAQ-DI 0.4 0.4 0.8 0.8 0.8 0.8 0.4 0.4 0.4 1.2
Smoking current (%) 12.3 12.6 20.8 23.3 22.2 22.2 16.6 15.4 14.7 14.3

Smoking ever (%) 26.9 25.9 29.2 28.8 22.2 22.2 43.6 42.3 41.7 14.3

For patients with double intervals with radiographic change and LDA, the first data entry was used for the
analysis to avoid duplicates.

3.4. Therapeutic Changes After Radiographic Progression

A total of 57 patients (7.0%) in remission and 105 patients (12.9%) in LDA underwent
therapeutic changes within 90 days following the detection of radiographic progression
(χ2: 4.203, p < 0.0002) (Table 3).
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Table 3. Change in therapy after radiographic progression.

LDA Remission

Change Therapy
(n = 105)

Stay on Therapy
(n = 706)

Change Therapy
(n = 57)

Stay on Therapy
(n = 729)

Age (years) 57.0 56.9 69.1 68.1
Sex (% female) 72.2% 72.4% 77.2% 73.5%

Time to diagnosis (years) 10.2 6.4 15.6 14.3
Rheumatoid factor pos. 74.6% 70.3% 77.2% 77.0%

ACPA pos. 38.5% 43.4% 71.9% 54.6%
BMI (kg/m2) 25.5 25.1 28.6 25.9

DAS 28 2.3 2.3 1.9 1.8
HAQ-DI 1.0 0.8 0.5 0.5

Smoking current 20.5% 20.8% 19.3% 26.3%
Smoking ever 23.0% 29.2% 19.3% 26.3%

No change +1 Ratingen points - - 30 (57.1%) 383 (52.5%)
No change +2 Ratingen points 30 (28.0%) 274 (30.1%) 14 (25.0%) 213 (29.2%)
No change +5 Ratingen points 39 (36.4%) 320 (39.8%) 10 (15.6%) 112 (15.4%)
Progress >5 Ratingen points 38 (35.1%) 210 (25.2%) 3 (4%) 24 (3.3%)

When we analyzed how much progression was required to result in therapeutic
change, we found that 57.1% of patients in remission underwent a therapeutic change
compared to none in LDA with a radiographic progression with a maximum of 1 Ratingen
point/year (Table 3).

Conversely, 71.5% of patients in LDA with radiographic progression > 2 points in the
Ratingen score/year underwent a therapeutic change compared to 19.6% of patients in
remission (Table 3).

No differences in demographic data were found comparing patients staying in therapy
as compared to changing therapy subsequent to radiographic progression in LDA and/or
remission (Table 3).

The therapeutic strategies used after radiographic progression were oral glucocorticos-
teroids in 17.1% and 3.5%, conventional synthetic DMARDs in 46.7% and 35.1%, non-TNF
biologic agents in 21.9% and 38.6%, TNF antagonists in 26.7% and 21.1%, and targeted
synthetic DMARDs in 4.8% and 1.7% for patients progressing in LDA and remission,
respectively (Tables 3 and 4).

Table 4. Therapeutic agents used after radiographic progression in LDA or remission.

LDA (n = 105) Remission (n = 57)

Therapeutic Agent Number Number

Prednisone 18 * 2 *
csDMARXDs/other drugs Chloroquine 10 * - *

Cyclophosphamide 1 -
Sulfasalazine 11 * 1 *
Leflunomide 14 8
Methotrexate 13 11

Biologics Abatacept 8 2
Ixekizumab 1 -
Rituximab 8 10

Tocilizumab 6 10

TNF antagonists Adalimumab 9 4
Etanercept 7 3

Golimumab 2 1
Infliximab 10 2

Certolizumab - 2

tsDMARDs Baricitinib 2 1
Tofacitinib 3 -

* Statistically significant differences p < 0.05.
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3.5. Clinical Follow-Up After Therapeutic Changes After Radiographic Progression
Despite Remission

The frequency of patients who lost the status of a disease in remission was analyzed,
revealing increases in DAS 28 > 2.6 in 15.8% and 4.1% (χ2: 5.8565, p = 0.016), and increases
in DAS 28 > 3.2 in 5.3% and 1.9% (χ2: 0.5863, p = 0.44) during the next year of follow-up for
patients with radiographic progression despite remission and changes in the therapeutic
protocol, compared to patients who stayed on the same therapeutic protocol (Figure 2). The
increase in DAS 28 > 2.6 occurred on average after 234.5 and 302.5 days (p = 0.06) for patients
changing therapy or staying on the same therapeutic protocol, respectively. Likewise, the
increase in DAS 28 > 3.2 occurred after 285.5 and 289.4 days (p = 0.95), respectively.

 
Figure 2. Frequency of radiographic progression: DAS 28 > 2.6 (left) and > 3.2 (right). (A) Remission,
(B) LDA, Orange: No therapeutic regime change, Blue: Therapeutic regime change.

3.6. Clinical Development After Changing or Staying on Therapy Because of Radiographic
Progression Despite LDA

The frequency of patients dropping out of LDA was analyzed, revealing rates of 19%
and 8.5% (χ2: 11.0272, p = 0.0009) for increases in DAS 28 > 3.2 during the next year of
follow-up for patients with radiographic progression despite LDA and changes in the
therapeutic protocol, compared to patients who stayed on the same therapeutic protocol.
The increase in DAS 28 > 3.2 occurred on average after 208.1 and 294.7 days (p = 0.06) for
patients changing therapy or staying on the same therapeutic protocol, respectively.

4. Discussion

In summary, we have demonstrated that radiographic progression despite LDA/remission
is common. It occurred more frequently in patients in LDA (38.0%) compared to those in
remission (25.8%, Figure 1). Therapeutic changes following radiographic progression were
infrequent. These changes were more common in patients with LDA (12.9%) than in those
with remission (7.0%). When analyzing clinical disease activity after a therapeutic change
due to radiographic progression despite LDA or remission, it more frequently worsened
compared to patients who remained on the same therapeutic regimen.

The question of whether achieving remission or the lower rate of radiographic pro-
gression in patients with remission discouraged rheumatologists from changing therapy
remains unanswered and cannot be addressed in this analysis. Surprisingly, smaller
changes in Ratingen scores (≤1 point/year) were associated with a therapeutic change in
patients in DAS 28-defined remission compared to patients in LDA. On the other hand,
higher rates of radiographic progression (>2 points of Ratingen score) were more frequently
associated with subsequent therapeutic changes.

Since the percentages of patients with radiographic progression did not differ based
on the annual rate of progression when comparing patients with and without subsequent
therapeutic changes, we reject the hypothesis that therapeutic change may be influenced
by the degree of radiographic progression (Table 3). This rejection of the hypothesis is
independent of the achieved clinical status of LDA or remission.
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Therefore, whether the detection of smaller radiographic changes in patients in remis-
sion may lead to the urge to react to these minor changes remains open. However, our data
indicate that patients may benefit if their treatment regime remains unaltered.

Secondly, there is no standardized strategy for how to react to radiographic progression
despite LDA/remission (Table 4). Whether a specific strategy may help to prevent clinical
progression after therapeutic change remains an open question.

We believe that the problem addressed is challenging to analyze in clinical trials or
long-term follow-ups. Therefore, we hope that data from other registries may address the
same question, giving us insight into the situation in other countries.

Thirdly, the data show less radiographical progression in remission compared to
low disease activity. Thus, aiming for remission is beneficial in inhibiting radiographic
progression as compared to LDA.

Interestingly, repair occurred more frequently in LDA than in remission (Figure 1).
We hypothesize that minimal inflammation may be beneficial for stimulating the restruc-
turing/repairing of damaged tissue. This hypothesis, suggesting that inflammation may
promote repair, is also supported by other studies [19].

Weaknesses

The analysis is based on a registry, and missing data, as with any registry, is a concern.
It is conceivable that patients with complex acute issues are less likely to be documented in
registries, as the focus is on stabilizing symptoms and not updating databases. It is also
feasible that time constraints of medical professionals may also play an important role.

Secondly, we had a central scoring of radiographs, but they were not consecutively
scored for all patients.

Like other scoring systems, the Ratingen score only focuses on radiographic destruc-
tion and not joint space narrowing. However, radiographic erosions are more accessible to
detect than joint space narrowing. It is our believe that incorporating additional informa-
tion from the Sharp van der Heijde score may not provide substantial benefit for clinical
decision making.

A major issue of this paper is the definition of LDA and sustained remission. Other
criteria like S/CDAI or Boolean-defined remission were not analyzed in this paper. Fur-
thermore DAS 28 remission defined <2.6 has been discussed as not being a sufficient basis
for defining remission [20–22].

Next, the definition of sustained remission as a minimum of three months for the data
collection does not suit the requested standard of six months. On the other hand, no patients
with sustained LDA/remission shorter than 6 months were included in the analysis.

5. Conclusions

In conclusion, we have demonstrated that radiographic progression despite LDA/remission
is frequent. However, reacting to radiographic progression may not be necessary for the patients
in LDA/remission.
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Abstract: Background: Prior studies have demonstrated improved efficacy when intra-articular
(IA) therapeutics are injected using ultrasound (US) guidance. The aim of this study was to deter-
mine if clinical improvement in pain and function after IA hyaluronic acid injections using US is
associated with changes in SF volumes and biomarker proteins at 3 months. Methods: 49 subjects
with symptomatic knee OA, BMI < 40, and KL radiographic grade II or III participated. Subjects
with adequate aspirated synovial fluid (SF) volumes received two US-guided IA-HA injections of
HYADD4 (24 mg/3 mL) 7 days apart. Clinical evaluations at 3, 6, and 12 months included WOMAC,
VAS, PCS scores, 6 MWD, and US-measured SF depth. SF and blood were collected at 3 months and
analyzed for four serum OA biomarkers and fifteen SF proteins. Results: Statistical differences were
observed at 3, 6, and 12 months compared to baseline values, with improvements at 12 months for
WOMAC scores (50%), VAS (54%), and PCS scores (24%). MMP10 levels were lower at 3 months
without changes in SF volumes, serum levels of C2C, COMP, HA, CPII, or SF levels of IL-1 ra, IL-4, 6,
7, 8, 15, 18, ILGFBP-1, 3, and MMP 1, 2, 3, 8, 9. Baseline clinical features or SF biomarker protein levels
did not predict responsiveness at 3 months. Conclusions: Clinical improvements were observed at
12 months using US needle guidance for IA HA, whereas only one SF protein biomarker protein was
different at 3 months. Larger studies are needed to identify which SF biomarkers will predict which
individual OA patients will receive the greatest benefit from IA therapeutics.

Keywords: osteoarthritis; ultrasound; synovial fluid; biomarkers; cytokines

1. Introduction

Knee osteoarthritis (OA) is an increasingly common leading cause of disability and
is costly to manage, especially if patients progress and require surgical intervention [1,2].
Unfortunately, there are no effective FDA-approved disease-modifying therapeutic agents
that can halt or reverse cartilage loss in knee OA. However, two recently published large
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cardiovascular treatment trials demonstrated that inhibition of IL-1 beta by canakinumab
and low-dose colchicine reduced the incidence of hip and knee arthroplasty compared to
the placebo groups [3,4]. Therefore, intra-articular (IA) hyaluronic acid (HA) injections are
common treatment options for knee OA patients to provide symptomatic pain relief or for
those who are not surgical candidates or choose to defer total joint arthroplasty [5].

Recent studies emphasize the knee as an organ containing important supporting
structures, including the subchondral bone, ligaments, joint capsule, meniscus, synovium,
and the surrounding musculature, in addition to cartilage [6]. There is also growing
evidence that knee OA is associated with chronic inflammation and phenotypes rather
than a non-inflammatory degenerative joint disease process. Synovial biopsies revealed
synovitis in 50% of patients with early OA, and synovial fluid (SF) analysis revealed
cytokines and other inflammatory mediators that distinguish early from advanced knee
OA [7,8]. The presence of substantial synovial effusion and synovitis on MRI also correlates
with subsequent loss of knee cartilage among OA patients [9]. It has also been reported
that OA SF contains a pro-inflammatory cytokine profile [10–14]. We also observed that
many OA patients with sufficiently severe knee pain requesting an IA glucocorticoid or HA
injection have a pro-inflammatory SF cytokine profile similar to that of many rheumatoid
arthritis (RA) patients [15]. SF is also a rich source of potentially valuable biomarkers that
may be used to classify different OA endotypes and, hopefully, in the future, may help
guide therapy by predicting drug responsiveness for individual patients [16].

There are multiple proposed mechanisms whereby IA HA injections might provide
clinical benefit in OA [17–19]. These include anti-inflammatory properties based upon
in vitro studies, improved SF viscoelastic, rheologic, and frictional properties of HA, and
possible chondroprotection since HA also interacts directly with articular cartilage [20].

The viscosupplement used in this study, HYADD4 (Hymovis® Fidia, Abano Terme,
Padova, Italy), is a modified derivative of HA with a molecular weight of 500–730 kDa
obtained by a controlled chemical–physical synthesis process with 2% of the carboxyl
radicals on the glucuronic acid present in the polysaccharide chain conjugated with an
aliphatic amine (hexadexyclamine) [21]. The chemical modification of HA by the addition
of hexadecylamine increases the rheological properties of HYADD4, conferring higher
viscoelasticity in solution compared to other HA derivatives of the same molecular weight.
To confirm delivery of this HA product into the synovial fluid compartment, we utilized
ultrasound (US) guidance with direct needle visualization during all injections and aspira-
tions. Other studies have confirmed that US delivery of glucocorticoids into the knee joint
space is more effective and less painful than non-image-based injections [22,23].

We chose to use direct needle visualization with US guidance as well as an external
pneumatic compression device to enhance the success of aspiration even in patients with
very small SF effusions since no OA patients were excluded from this study based upon
the size of knee effusions on US [24]. To our knowledge, this is the first study to determine
if an IA HA injection alters SF volumes as a surrogate for intra-articular inflammation and
if baseline clinical features or SF protein levels predict clinical responsiveness at 3 months
when HA is delivered with US guidance.

2. Materials and Methods

2.1. Subjects

This single-center, open-label, prospective, investigator-initiated knee OA biomarker
study (HS 3179, ClinicalTrials.gov accessed on 5 July 2023 NCT 04093232) was conducted
with all subjects providing informed consent after Institutional Review Board approval.
We recruited subjects from National Jewish Health (NJH) clinics, clinical trial notification
web sites, and local radio advertisements. Exclusion criteria included age < 21 or >80 years,
BMI > 40, pregnancy, knee surgery within one year, IA injectable therapeutics within
3 months, a history of systemic inflammatory or crystal arthritis, prior allergic reactions to
chloroprep, lidocaine, or HA products, or any use of oral or systemic immunomodulatory
therapeutics. Subjects were also required to ambulate for 6 min without the use of walking
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assistive devices, and the diagnosis of knee osteoarthritis was confirmed by a NJH study
rheumatologist. Weight-bearing tibiofemoral joint radiographs were obtained within
1 year of their first study visit. These images were reviewed by a fellowship-trained
musculoskeletal (MSK) radiologist for study inclusion based upon the presence of Kellgren-
Lawrence (KL) grade II or III osteoarthritis [25]. Forty-nine eligible subjects had one
knee aspirated between 2019 and 2021, and if an adequate SF volume of ≥0.5 mL was
aspirated, they received the first of two intra-articular (IA) injections of an HA HYADD
4 (Hymovis® 24 mg/3 mL, Fidia Farmaceutici S.p.A., Abano Terme, Padova, Italy) and
provided simultaneous peripheral blood samples.

The study protocol included five visits over 12 months. Baseline visit 1 included
clinical assessments, knee aspiration, and an IA HA injection if the SF aspirated volume
was ≥0.5 mL. Visit 2 was scheduled 7 days later for a second US-guided IA HA injection
and a peripheral blood draw. Three additional visits at 3, 6, and 12 months were for clinical
assessments and US-measured SF depth.

2.2. Aspiration and Injection Technique

An external pneumatic compression device (KneeTapTM Arthroventions LLC, Denver,
CO, USA) was inflated to 100 mmHg as previously described [24]. Ultrasound images were
acquired using a GE LOGIQ e ultrasound (Fairfield, CT, USA) with a 12L-RS linear array
probe, as displayed in Figure 1A,B.

(A)

(B)

Figure 1. (A) An inflated pneumatic compression device with an image displayed on an ultrasound
screen prior to successful knee aspiration of synovial fluid. Image courtesy of Dr. R. Meehan and
Dr. R. Scheuring. (B) US image of a study subject during needle insertion, displaying a bright
20-gauge needle entering from the upper right-hand corner of the image with the tip placed within
the intra-synovial space (dark anechoic region) during inflation and prior to injecting IA HA product.
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A direct-in-line needle visualization technique was used for all procedures. The probe
was covered with gel; a sterile sleeve (CIV-FlexTM Transducer Cover, CIVCO Kalona, IA,
USA) and sterile gel were next applied. The injection site was cleansed with ChloroPrep
One-Step (2% w/v chlorhexidine gluconate and 70% v/v isopropyl alcohol, Care Fusion, El
Paso, TX, USA), and then a sterile drape was placed. All procedures were performed by an
American College of Rheumatology (ACR) certified MSK US-trained rheumatologist who
used sterile gloves, head coverings, and surgical face masks to reduce the risk of needle
entry site contamination and per NJH COVID precaution guidelines. The superior-lateral
site was selected most often with the knee in slight flexion during supine positioning.
The needle entry site was selected based on the US location of the largest anechoic region
in SF. The skin, joint capsule, and anechoic region were then infiltrated with 1–2 mLs of
preservative-free 2% lidocaine HCL (40 mg/2 mL) without epinephrine (Hospira Inc., Lake
Forest, IL, USA) using a 27-gauge needle with US visualization. Next, also with direct
needle visualization, an 18-gauge needle on a syringe was advanced into the anesthetized
region to avoid needle tip placement into the joint capsule, synovium, or plica during
aspiration and injection. The steer needle image enhancement software program on the GE
US instrument was utilized, which allowed visualization of the 27-gauge needle during
local infiltration of lidocaine as well as the aspirating and injecting needle during product
instillation. If an adequate amount of SF volume was obtained during visit 1, then with the
18-gauge needle remaining in place, HYADD4 (24 mg/3 mL) was injected under direct US
visualization. For study visit 2, scheduled for 7 days later, a 20-gauge needle was placed
on the IA HA syringe for direct US-visualized injection after local infiltration of lidocaine
without an aspiration.

2.3. Sample Preparation and Analysis of SF and Serum Proteins

SF was aspirated into a 5 or 20 mL syringe (Medline Industries Inc., Mundelein, IL,
USA) and rapidly transferred into 6 mL plastic tubes containing sodium heparin (BD, Becton
Drive, Franklin Lakes, NJ, USA). SF white blood cells (WBCs) were counted on a Beckman
Coulter ACT 2 diff hematology analyzer (Beckman Coulter, Loveland, CO, USA). Peripheral
blood was then collected into 6 mL plastic vacutainer tubes (BD) without anticoagulant
for serum samples. SF and peripheral blood samples were centrifuged at 2000 rpm for
10 min within 45 min of collection and then aliquoted into 200 μL or 50 μL vials for storage
at −80 ◦C until analyzed. All SF analytes were measured by multiplex fluorescent bead
(Luminex) immune assays using three separate R&D Systems Inc. kits (Minneapolis, MN,
USA). The following analytes were quantitated in pg/mL: IL-1ra (Interleukin 1 receptor
antagonist), IL-4 (Interleukin 4), IL-6 (Interleukin 6), IL-7 (Interleukin 7), IL-8 (Interleukin 8),
IL-15 (Interleukin 15), IL-18 (Interleukin 18), IGFBP-1 (Insulin-Like Growth Factor Binding
Protein 1), IGFBP-3 (Insulin-Like Growth Factor Binding Protein 3), and MMPs (Matrix
Metalloproteinases) 1, 2, 3, 8, 9, and 10. The bead multiplex assay was performed as
previously described [15]. Cytokine concentrations were calculated with reference to the
standard curve for each analyte.

Serum cartilage biomarkers were analyzed in the Duke University Molecular Phys-
iology Institute laboratory (Durham, NC, USA), under the direction of Virginia Kraus,
MD, PhD. These included Collagen Type II cleavage product (C2C), Hyaluronic acid
(HA), procollagen II C-propeptide (CP II), and cartilage oligomeric matrix protein (COMP).
These were quantitated in ng/mL as previously described using various enzyme-linked
immunosorbent assays (ELISA) as either competitive inhibition or sandwich protein bind-
ing [26]. In general, C2C, HA, and COMP levels reflect cartilage degeneration, whereas
CPII levels correlate with type II collagen synthesis. All samples were analyzed in duplicate
and paired at baseline, and samples from visit 3 at 3 months were run simultaneously.

2.4. Clinical Efficacy Variables

Four clinical variables were measured at baseline, 3, 6, and 12 months: Western Ontario
and McMaster Universities Index (WOMAC) total scores, Visual Analog Pain Score (VAS
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0–10), physical component score (PCS) scores on the SF-36 health survey questionnaires
(physical function/bodily pain and general health), 6-min walking distance in meters
(6 MWD), and US-measured SF depth (mm). The US measured depth was obtained before
and after an external pneumatic compression device was inflated to 100 mmHg to facilitate
aspiration by increasing available SF volumes under positive pressure [24].

The WOMAC score is a validated patient-self-administered index of knee osteoarthritis
pain and functional capacity [27]. It consists of 24 separate items divided into three
subcategories (pain, stiffness, and physical function) rated on a difficulty scale as either
none, slight, moderate, very, or extreme. The PCS score is a composite score of 21 questions,
which are related to four domains: physical functioning, role limitations due to physical
health, pain, and general health. The maximum value of 100 would indicate no functional
limitations, no pain, and excellent health scored using the following instrument: https:
//chiro.org/LINKS/How_to_score_the_SF-36.shtml, accessed on 5 July 2023 [28,29].

Lower values on the self-reported WOMAC scores and VAS indicate improved func-
tion or less pain, whereas higher PCS scores and greater distance on the 6 MWD indicate
an improvement in function with less pain and an ability to ambulate further. We defined
the subset of responders based upon OMERACT-OARSI definitions as those subjects who
had either a 50% improvement in function on WOMAC scores or a 50% reduction in pain
on VAS scores, or those with a 20% improvement in function on WOMAC scores and a 20%
reduction in pain on VAS scores [30].

The SF depth was measured on the recorded US image (GE logiq e) as the largest
anechoic region in mm of depth on either the lateral (n = 30) or medial (n = 4) infrapatellar
compartment. All study data (demographics, medical history, prior treatments, screening
criteria) and results were placed into the NJH REDCapTM version 13.1.37 (Vanderbilt
University, Nashville, TN, USA) web-based secure research database system for storage
and subsequent statistical analysis.

2.5. Statistical Analysis

Statistical differences between baseline values and results at 3, 6, and 12 months were
determined using a paired ANOVA test with p < 0.05 significance. SF and peripheral blood
protein levels of each analyte between baseline and those at 3 months were also measured
using paired ANOVA, with the cytokine concentration outcomes transformed into log10
with p-values < 0.05 considered significant and adjusted for the number of analytes using
the Bonferroni method. If values were missing for an individual subject for a specific
analyte, then that subject was excluded from statistical analysis for that specific analyte.
For the purpose of calculations, samples that exceeded the upper limit of the analytical
measurement range or those that were below the detection limit were assigned the upper
limit value or lower limit value, respectively, for the respective cytokine, chemokine, MMP,
or protein, as previously described [15].

A linear regression analysis of improvement on WOMAC scores was regressed against
log10-transformed analyte concentrations to determine associations between clinical im-
provement and baseline cytokine concentrations. All modeling was performed in the R
language [31]. Correlations were then performed to determine which baseline clinical
features (age, gender, BMI, prior surgery, radiographic severity KL II vs. III, and serum or
SF biomarker proteins) correlated best with IA HA responsiveness at 3, 6, and 12 months.
Differences between paired serum OA biomarkers were analyzed using paired t tests. A
non-paired t-test was used to compare differences in age and BMI between responders and
non-responders, and Fisher’s exact test was used for the other clinical variables.

3. Results

Thirty-six of the subjects had adequate aspirated SF volumes on their first visit and
therefore received two IA HA injections and continued study enrollment. Figure 2 displays
the study subject participation numbers and reasons for any withdrawals. No subjects were
excluded from enrolling in this study based on the presence or absence of knee effusions on
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physical examination, including those with very small effusions observed on US imaging
during their initial visit. Thirteen of the 49 enrolled subjects were ineligible to continue
to participate since their aspirated SF volume was <0.5 mL. The average measured SF
depth on US was only 3.2 ± 2.2 mm before the pneumatic device was inflated, even among
those with a successful SF aspiration of ≥0.5 mL. On physical examination, only 1 of our
49 enrolled subjects had a clinically apparent effusion, whereas three others only had an
effusion with a fluid bulge in the medial compartment during manual compression of the
lateral compartment. Therefore, 92% of our patients had non-effusive knee OA.

Figure 2. Subject participation, timeline of study visits, and reasons for withdrawals.

The results in Table 1 display the demographic and clinical features of 34 subjects
who completed baseline and 3-month evaluations. An equal number of female and male
patients, who also met the BMI inclusion criteria of <40, had their 3-month follow-up
visits. No study subjects were excluded based on the size of the knee effusion or prior
surgical interventions, except for total knee arthroplasty. There were slightly more subjects
with a KL III severity score (56%) than those with a KL II rating (44%), whereas KL
I or IV scores were exclusion criteria. We enrolled twelve subjects with the following
prior surgical procedures on the aspirated knees: five with meniscectomies, three with
ACL reconstruction, two with surgery for recurrent patella dislocations, and two with
arthroscopic resurfacing/debridement procedures. Ten of the 12 subjects who received
prior surgery returned for their 3-month follow-up visit and therefore were listed in Table 1.
The mean age of those with prior surgery (58 years, range 35–71) was similar to that of
those without surgery (60 years, range 39–78). The higher prevalence of the lateral (88%) vs.
medial (12%) site of joint aspiration reflected the preferred site by the performing physician
to reduce subject discomfort unless the medial joint site had a substantially larger joint
effusion on US.

The clinical efficacy and measured SF depth results for the subjects who completed
baseline, 3-, 6-, and 12-month visits are displayed in Table 2. Sustained clinical and
statistically significant improvements compared to baseline values were observed on
WOMAC scores and self-reported VAS at 12 months, with a 50% and 54% decrease, re-
spectively (p < 0.0001). PCS scores also significantly increased over baseline scores by 24%
at 12 months (p < 0.0001). The 6 MWD improved at 3 months by 7% (p < 0.01); however,
the improved distance walked at 6 and 12 months was not statistically significant. In a
subset of 18 of the 34 patients at 3 months with an adequate SF volume remaining for
analysis and without blood contamination, the SF total WBC count fell 54% at 3 months
from 199 ± 200 to 92 ± 70 cells/mm3; however, this difference was not statistically signifi-
cant (p = 0.05). While improvements in WOMAC, VAS, and PAS scores were observed at
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3, 6, and 12 months, the measured SF volumes before or after inflation of the pneumatic
compression device were slightly lower at 3 months. However, these differences did not
achieve statistical significance. Only one study-related adverse event was observed (1 out
of 72 injections), with one subject experiencing increased knee pain 4 h after her second IA
HA injection with some knee swelling 24 h later, which resolved completely within one
week, and then she was able to resume running.

Table 1. Clinical features and demographic information on 34 OA subjects who completed baseline
and 3-month visits following intra-articular HA knee injections.

Age 60.8 years (35–78)

Gender 17 Male (50%)/17 Female (50%)

BMI kg/m2 28 (20–39)

Prior knee surgery 10 (29%)

K-L grade

II 15 (44%)

III 19 (56%)

Knee injected

Right 18 (53%)

Left 16 (47%)

Lateral 30 (88%)

Medial 4 (12%)

Table 2. Subject’s mean and standard deviation values with percentage change in four functional and
pain instruments and synovial fluid depth measurements at baseline compared to values 3-, 6-, and
12-months post-IA HYADD4 injections with statistical significance in p-values.

Baseline Mean ± SD
n = 36

3-Month Mean ± SD
n = 34

6-Month Mean ± SD
n = 30

12-Month Mean + SD
n = 25

WOMAC score 771 ± 394 463 ± 358 464 ± 352 402 + 333
40% decrease p < 0.0001 40% decrease p < 0.0001 50% decrease p < 0.0001

VAS score 4.9 ± 2.0 2.7 ± 1.7 2.4 ± 1.9 2.2 + 1.73
45% decrease p < 0.0001 51% decrease p < 0.0001 54% decrease p < 0.0001

PCS score 64.7 ± 18.1 74.6 ± 18.7 76.5 ± 18.1 81.2 + 11.9
15% increase p < 0.0001 18% increase p < 0.0001 24% increase p < 0.0001

6 MWD- 404 ± 67 432 ± 83 422 ± 75 424 + 69
Meters 7% increase p < 0.007 5% increase NS 5% increase NS

SF before 3.2 ± 2.2 3.1 ± 2.2 4.0 ± 2.9 4.2 +2.8
inflation (mm) 3% decrease NS 25% increase NS 31% increase NS

SF after 6.4 ± 3.7 5.2 ± 2.8 7.5 ± 4.0 7.5 + 3.4
inflation (mm) 18% decrease NS 17% increase NS 17% increase NS

Legend: WOMAC score = Western Ontario and McMaster Universities Osteoarthritis Index; VAS = Visual Analog
Pain score; PCS score = subset on SF 36 quality of life questionnaire; 6 MWD = 6-min walking distance; SF = depth
of synovial fluid measured on ultrasound; NS = not significant values compared to baseline.

Table 3 displays the demographic and clinical features of the 30 subjects who met the
criteria as responders compared to the six non-responder subjects. Twenty-four respondent
subjects had both a 50% improvement in WOMAC scores and a 50% reduction in pain on
the VAS. Four respondent subjects met criteria by having a 50% improvement in function
on WOMAC scores or a 50% reduction in pain on the VAS scale. Only two subjects met
responder criteria by having a 20% improvement in function on the WOMAC and a 20%
reduction in pain on the VAS scale. There were no statistical differences between responders
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and non-responders in baseline demographic features of age and BMI using the unpaired
t-test or based upon gender, prior surgical intervention, or KL ratings using the Fisher’s
exact test. Furthermore, no statistical differences were observed among responders vs.
non-responders based upon baseline values on WOMAC, VAS, PCS score, 6 MWD, or the
amount of SF measured by US.

Table 3. Clinical features, functional status, pain, and synovial fluid measurements at baseline
between responders and non-responders with p-values.

Demographics Responders n = 30 Non Responders n = 6 p-Values

Age mean and range 59 (19–78) years 62 (54–78) years 0.48

Gender and % 13 F (43%)/17 M
(57%) 4 F (66%)/2 M (33%) 0.39

BMI mean and range 28.1 (19–39) 26.6 (21–32) 0.61

Prior Surgery and % 9 (30%) 3 (50%) 0.38

KL II or III and % 18 KL II (60%)/12 KL
III (40%)

5 KL II (83%)/1 KL III
(17%) 0.39

Functional Status,
pain and US depth

of SF

WOMAC score 814 675 0.44

VAS (1–10 scale) 5.2 3.5 0.051

PCS score 64.1 64.6 0.96

6 MWD (meters) 406 428 0.49

US depth
Before inflation 3.7 mm 4.3 mm 0.75

After inflation 7.7mm 5.9 mm 0.37

The results of the OA serum biomarkers are presented in Table 4. The results of only
those subjects with paired serum collected at baseline and 3 months later (34 of 36 subjects
who received HA injections) were analyzed for statistical differences. While serum levels
of C2C, CP II, and COMP were lower at 3 months compared to baseline values, these
differences were not statistically significant. In contrast, HA levels were actually higher at
3 months, but those levels were also not statistically different from baseline values.

Table 4. Serum cartilage biomarker levels at baseline and 3 months after IA HA injection with
p-values.

Baseline
Mean ± SD

3-Month
Mean ± SD

% Increase or
Decrease from

Baseline p-Values

n = 34 n = 34

C2C ng/mL 278 ± 48 263 ± 52 5% decrease 0.08

COMP ng/mL 828 ± 400 798 ± 435 4% decrease 0.36

HA ng/mL 41 ± 29 52 ± 58 27% increase 0.27

CPII ng/mL 1269 ± 508 1204 ± 549 5% decrease 0.32
Legend: C2C = collagen Type II cleavage product; COMP = cartilage oligomeric matrix protein; HA = hyaluronic
acid; CPII = procollagen II C-Propeptide. p-values were calculated using paired t-tests.

The SF levels of various protein biomarkers 3 months after IA HA injections and
percentage increases or decreases from baseline values are reported in Table 5. These SF
protein levels are from paired samples analyzed on the Luminex platform using identical
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19-plex, 3-plex, or 5-plex kits on the same day for each subject’s paired samples. Due
to the number of separate proteins analyzed and subsequent sample depletion as the
assay needed to be validated during multiple prior runs, the number of paired SF samples
available for final analysis was either 10 or 16 paired subjects, as reported in Table 5. While
some analytes had large changes from baseline levels, including a 61% increase for IL-8 and
an 87% decrease in IL-4 levels at 3 months, only the observed 16% reduction in MMP-10
levels at 3 months was statistically different from baseline values. p-values were calculated
with a paired two-sided t-test on the log-concentrated levels in pg/mL.

Table 5. The mean values, standard deviation, percentage change, and p-values for each analyte at
baseline and 3 months after IA HA injections.

Protein
Baseline

Mean ± SD
pg/mL

3-Month
Mean ± SD

pg/mL

% Increase or
Decrease

from Baseline
p-Values

IL-1ra
n = 16 345 ± 332 518 ± 564 50% increase 0.127

IL-4
n = 10 1971 ± 5243 251 ± 107 87% decrease 0.395

IL-6
n = 16 60 ± 98 40 ± 44 33% decrease 0.905

IL-7
n = 16 7 ± 1 8 ± 2 14% increase 0.167

IL-8
n = 16 36 ± 41 58 ± 77 61% increase 0.273

IL-15
n = 16 6 ± 3 7 ± 4 17% increase 0.825

IL-18
n = 16 109 ± 63 103 ± 63 6% decrease 0.402

IGFBP-1
n = 16 6376 ± 9346 6707 ± 12,560 5% increase 0.406

IGFBP-3
n = 16 36,517 ± 49,159 40,790 ± 58,870 12% increase 0.808

MMP-1
n = 10 7971 ± 6827 8323 ± 9046 4% increase 0.541

MMP-2
n = 10 283,599 ± 218,875 249,307 ± 194,342 12% decrease 0.325

MMP-3
n = 10 245,119 ± 153,269 235,275 ± 175,421 4% decrease 0.293

MMP-8
n = 10 1354 ± 503 1729 ± 1899 28% increase 0.686

MMP-9
n = 10 5014 ± 4464 6375 ± 9225 27% increase 0.956

MMP-10
n = 16 238 ± 206 200 ± 208 16% decrease 0.0427

Legend: IL-1 ra = Interleukin 1 receptor antagonist, IL-4 = Interleukin 4, IL-6 = Interleukin 6, IL-7 = Interleukin
7, IL-8 = Interleukin 8, IL-18 = Interleukin 18, IL-15 = interleukin 15, IGFBP-1 Insulin-Like Growth Factor
Binding Protein 1, IGFBP-3 = Insulin-Like Growth Factor Binding Protein 3, MMP-1 Matrix Metalloproteinase 1,
MMP-2 = Matrix Metalloproteinase 2, MMP-3 = Matrix Metalloproteinase 3, MMP-8 = Matrix Metalloproteinase
8, MMP-9 = Matrix Metalloproteinase 9, MMP-10 = Matrix Metalloproteinase 10. p-values < 0.5 was only observed
for MMP 10 levels.

To determine if baseline SF protein biomarker values predicted an improved response
to IA HA injections at 3 months, linear regression statistics on each of these 15 biomarker
protein levels in Table 5 were utilized to identify any significant correlations between
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baseline values from 26 separate subjects and subsequent changes in their total WOMAC
scores at 3 months. No significant correlations were observed between baseline levels of
any of these 15 SF proteins and changes in WOMAC scores at 3 months, with p-values
ranging from 0.10 to 0.97.

4. Discussion

4.1. Injection and Aspiration Technique

We used US-visualized needle insertion and a pneumatic external compression device
to ensure that the HA product was delivered with greater accuracy into the intra-synovial
space. We also used an 18-gauge needle for aspiration since our prior study indicated that
the very high SF viscosity on normal knees required a larger-bore needle for successful
knee aspirations, even when performed under positive pressure using the pneumatic
compression device [15]. We therefore confirmed with direct needle visualization on the US
monitor that the aspirating and injecting needle was in the anechoic region. Prior studies
using non-imaged guided knee IA injections indicate the intrasynovial space may be missed
in 20–30% of attempts, depending upon the volume of SF and experience of the performing
physician [22,32]. This error rate could be even higher among our OA patients since they
had very small SF volumes measured by depth on US, with a mean of only 3.2 ± 2.2 mms.
Our aspiration technique may also have facilitated a more successful aspiration of SF for
biomarker analysis using a pneumatic compression device. This increases the amount of SF
available after inflation, and SF is under positive pressure. In a report by Iqbal et al. using
non-image-guided aspiration in a flexed knee aspiration technique in patients without
large effusions, they were able to increase the successful knee aspiration rate from 41%
to 75% using a pneumatic thigh cuff inflated to 100 mmHg [33]. Therefore, our ability to
aspirate ≥ 0.5 mL in 74% of our patients on their initial visit probably reflects the benefit of
utilizing the US-guided needle visualization technique with external compression [34].

The difference in our injection technique compared to landmarked guided injections
might also explain the very low incidence of injection site product reactions (only 1 of
72 HA injections) and provide an explanation for the longer clinical benefit durability
of 12 months. These durable clinical improvements occurred after a single series of two
HA injections 7 days apart. Bisicchia et al. also reported clinical benefit in a prospective
randomized study of IA HYADD4 at 26 weeks on WOMAC and VAS, which was superior
to IA methylprednisolone; however, benefit above baseline scores was not observed at
52 weeks for either product using a non-image-guided injection technique [35]. In another
knee OA study using the same IA HA product, Benazzo et al. reported improvements in
WOMAC scores at 6 months in a prospective open-label study from a single series of two
IA injections, and clinical benefit was maintained at 52 weeks following a repeat series of
IA injections at 6 months without image guidance [36]. In a retrospective report using the
ANTIAGE registry of clinicians who performed IA injections of HYADD4 using ultrasound
on KL II-IV knee OA patients, Priano reported significant reductions in WOMAC and VAS
scores among 74.5% of patients (698 of 937) at 6 months [21]. At 12 months, improvement
in pain at rest and with movement was also reported as the only clinical outcome data
available from 11% of patients (106 of 937) available for analysis.

Our observed clinical efficacy results and durability of response may also have been
related to this specific HA product. In a meta-analysis of low vs. high molecular weight IA
HA injection products, Hummer et al. reported clinically important improvements in pain
reduction when high but not low molecular weight HA injection products were injected
compared with placebo [37]. A review by Ferkel et al. also supports molecular weight
and other differences in product manufacturing and composition as important factors in
efficacy outcomes in clinical trials using different HA products [38].

4.2. SF Volume Measurements

Even though we observed significant improvements in WOMAC, VAS, and PCS scores
at 3, 6, and 12 months, this was not associated with statistically significant changes in
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the amount of SF as determined by the measured depth of the anechoic region on US
either before or after inflation of the external pneumatic compression device. Results of the
Multicenter Osteoarthritis Knee Hyaluronic Acid Study (MOKHA) included 46 knee OA
patients with very similar demographics as our study subjects regarding age and KL rating
who also received IA HYADD4 injections [39]. They recorded an 18% reduction in knee
effusions on MRI imaging at 6 months but not at 12 months. They also reported clinical
benefit at 6 and 12 months on Knee Injury and Osteoarthritis Outcome Scores (KOOS);
however, their subjects received a second series of IA HA injections at 6 months.

In another very ambitious prospective placebo-controlled study, McAlindon et al.
performed a double-blinded knee OA efficacy study of normal saline vs. triamcinolone
injections every 3 months for 2 years. They also reported no change in SF volumes quanti-
tated on MRI at 2 years between these two groups or from baseline values [40]. They also
reported no differences in functional outcomes between the two groups, despite the greater
cartilage volume loss reported in the triamcinolone group. However, the suggestion that
corticosteroids cause additional cartilage loss and thus progression of osteoarthritis has not
been substantiated in other careful radiographic progression trials. Several studies have
demonstrated no difference in the gold standard of radiographic progression of OA or
cartilage turnover biomarkers between intra-articular corticosteroid treatment and placebo
or intra-articular HA administration [41–44].

4.3. Serum and SF Biomarkers

Posey et al. have reviewed the role of serum COMP levels in various forms of arthri-
tis [45]. Since levels are elevated in early but not advanced OA, we anticipated a fall in
levels at 3 months following IA HYADD4 injections since all of our patients were KL II
or III. They also reviewed the effect of weight-bearing exercise, which increases COMP
levels; therefore, it is possible our observed 27% increase in levels at 3 months may have
been related to an increase in ambulation related to less pain as documented on WOMAC,
VAS, and PCS scores. We also documented an increase in 6 MWD at 3 months, as noted
in Table 2. Our baseline and 3-month levels of COMP and C2C might have been higher
than reported in other studies since our samples were obtained within 45 min of subjects
completing their 6 MWD. While elevated serum HA levels correlate with the progression
and severity of OA, we are not aware of serum HA measurements before and after IA HA
injection [46].

Synovial fluid is potentially an ideal source of biomarkers to investigate the pathogenic
mechanisms of cartilage damage in OA, characterize different disease endotypes, and
identify potential therapeutic targets. SF biomarkers may also identify those at highest
risk for disease progression as well as those most likely to respond to a specific therapeutic
agent. SF is an ultrafiltrate of plasma due to the lack of a typical basement membrane within
synovial tissue, and in OA, various inflammatory and catabolic proteins are released by
synoviocytes. Since cartilage does not have a blood supply, the SF also provides nutritional
support, and synoviocytes produce key SF proteins that help maintain cartilage health
and preserve function, such as HA and lubricin, as well as proteinases, collagenases, and
prostaglandins [47].

SF was available for SF biomarker analysis in a much smaller subset of our study
subjects than planned, as only 18 of our 34 subjects had paired samples at 3 months
since some subjects had smaller volumes at 3 months compared to their baseline visit,
which made aspiration more difficult. Some of the patients with aspirated volumes of
0.5 to 1.0 mL were also contaminated with blood as determined by visual inspection and
the SF WBC count and differential, and some were consumed during feasibility studies.
We have observed from multiple prior SF quantitative protein assays on patients with
various forms of knee arthritis that the accuracy of SF cytokine levels was not robust on
SF volumes < 1.0 mL or when contaminated with peripheral blood arising from intra-
synovial bleeding during needle insertion [15]. Therefore, we were only able to report
results from a subset of 16 and 10 patients who had paired baseline and 3-month samples in
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Table 5. Furthermore, the high viscosity of our SF sample matrix made sample processing
and analysis, particularly with the Luminex multiplex bead arrays, challenging. Sample
viscosity may have contributed to clogging of the Luminex fluidics system and poor bead
recovery, therefore leading to uninterpretable results for some samples.

We observed that only 1 of 15 synovial fluid proteins (MMP 10 levels) had significant
changes at 3 months following IA HA, even though the clinical improvement on WOMAC,
VAS, PCS scores, and 6 MWD at this time was significant. Barksby et al. report that
MMP 10 (also called stromelysin 2) is produced by synovial fibroblasts and articular
chondrocytes and is expressed in diseased joint synovium, suggesting it is also an activator
of procollagenases [48]. They also reported similar SF MMP-10 levels in patients with OA
compared to those with rheumatoid arthritis and juvenile idiopathic arthritis. Therefore,
a reduction in MMP-10 levels 3 months after IA HA suggests one potential mechanism
of clinical efficacy if this protease is a major contributor to cartilage collagenolysis in OA.
However, the roles of various MMPs in OA pathogenesis are very complex, and levels are
also modulated by various cytokines and proteins within the SF, bone, and cartilage, as
reviewed by Mehana and colleagues [49].

Our study with a small number of SF samples may have been underpowered to
identify statistically different changes in some of these SF proteins and other biomarkers of
inflammation. It is also possible that clinical improvement mediated by IA HA injections
may result in changes in the inflammatory or catabolic proteins in cartilage that occur
earlier than 3 months. Falcinelli et al. documented lower SF levels of IL-6, MMP-2, and
MMP-13 when measured 7 days after IA administration of the same HA product (HYADD
4-G) [50]. It is also likely that the 54% lower SF WBC counts observed at 3 months might
have achieved statistically significant differences if our sample size were larger.

In another study reporting SF protein biomarkers after a different IA HA product
(1% sodium hyaluronate), after three weekly injections on 28 subjects, there was a greater
reduction in SF TNF alpha levels at 6 months in adults < 65 years of age compared to
adults > 65 years of age. However, the other inflammatory cytokines (IL-1 beta, IL-6, IL-8,
and IL-12) and levels of IL-4, IL-10, IL-13, and monocyte chemotactic did not differ from
baseline values [51]. In another interesting study of three weekly IA Hyaluronan injections
in OA patients with clinical knee effusions, one week post-treatment, IL-6 levels were
statistically lower in both normal saline-injected (n = 19) and HA-treated patients (n = 22),
whereas TNF alpha and IL-8 levels did not change in either group [52].

Our open-label, non-blinded study did not include a placebo injection because the goal
was not to determine the efficacy of IA HA compared to saline injection. Our objective was
to determine if observed clinical benefit at 3, 6, or 12 months was associated with reductions
in the amount of measured knee SF volumes or changes in SF WB counts, serum cartilage,
and SF biomarkers at 3 months. We also wanted to identify if any baseline clinical and
demographic features or SF biomarker profiles predicted clinical responsiveness to IA HA
injections at 3 months. In a meta-analysis of 149 efficacy trials of various modes of delivery
of placebo, Bannuru et al. described that the greatest placebo effect occurred when the
placebo was delivered via an intra-articular route, but they also acknowledged the potential
for therapeutic benefit from saline injections by diluting inflammatory mediators [53]. A
reduction in SF IL-6 levels one week post-saline injection suggests a potential therapeutic
benefit from knee aspiration or normal saline instillation into the intra-synovial space rather
than exclusively a “placebo effect”, since saline and HA-injected subjects had improved
WOMAC scores, but higher values were observed in the IA HA-treated group [54]. Altman
et al. reviewed the evidence in a meta-analysis of 38 randomized controlled trials and
concluded that, given the substantial and uniform reduction of OA knee pain using IA
saline, a potential therapeutic effect rather than solely due to a placebo effect may well
account for some of the observed clinical improvement [55].

Our OA study population would have been more homogeneous if we had excluded
those patients with prior knee surgery. However, since these are common orthopedic
procedures among knee OA patients who receive therapeutic IA HA injections, they were
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not excluded. The overall mean age of the previously operated subjects was similar to that
of the non-operated group, as noted in Table 1. Our inclusion of these subjects suggests that
symptomatic knee OA, even among those with prior non-arthroplasty surgical procedures,
may also display a durable response to this IA HA product when delivered via US guidance.

4.4. Strengths

The single-center study design ensured uniform adherence to study protocol and
aspiration/injection technique, as well as SF sample handling, compared to a multicenter
study. This is important since some of these cytokines are labile at room temperature and
sensitive to degradation, whereas all of our samples were centrifuged and cryopreserved
within 60 min of collection [56]. US guidance also allowed us to perform IA HA injections
more accurately among OA patients with small effusions, unlike those reported by Sezgen
with palpable effusions, which may represent a different OA endotype than our study
patients [52]. It is also possible that our improved durability and clinical efficacy were also
due to the removal of catabolic SF proteins prior to the first of two IA HA injections, as
aspiration prior to glucocorticoid injections has a therapeutic benefit [54,55].

4.5. Study Limitations

We acknowledge that our small sample size and the small subset of SF samples avail-
able for final analysis at 3 months may have resulted in the lack of statistically significant
changes in some protein biomarkers. While all 36 subjects had ≥0.5 mL of SF aspirated
on their first study visit, 3 months later, many subjects had even smaller SF volumes, and
therefore some of these subjects did not have adequate SF volumes for paired SF analysis.

It is also possible that those study subjects who dropped out between their 3-, 6-,
or 12-month visits may have skewed the results in favor of a higher level of responders
who remained in the study at 12 months than if there were fewer voluntary withdrawals.
However, despite institutional COVID restrictions and subject hesitancy due to COVID,
only 4 of 34 (12%) enrolled subjects at 3 months did not return at 6 months. The two athletic
subjects who dropped out between 6 and 12 months decided to pursue elective orthopedic
surgical interventions, whereas three others were unable to participate due to an unrelated
sports injury, malignancy, or relocation out of state. Since there were only two withdrawals
due to potential lack of continued efficacy, we suspect their inclusion in our final analysis
would likely not have skewed the results since the differences were p < 0.0001 at 12 months
on the WOMAC, PCS, and VAS efficacy scales.

5. Conclusions

While improvements in WOMAC, VAS scores, and PCS scores on the SF 36 were
observed at 3, 6, and 12 months after US-guided knee injections with this HA product, a
statistically significant reduction in US-measured SF volumes was not observed at these
same time points. The 6 MWD improved at 3 months but not at 6 or 12 months. IA
injections using US needle visualization confirmed that the product was delivered into
the intra-synovial fluid space with improved accuracy, which may also have resulted in
our very low incidence of observed post-IA injection reactions (1 out of 72 injections) as
well as a greater durable clinical response lasting 12 months. Our baseline clinical features
and SF biomarker panel did not predict responders vs. non-responders. A fall in MMP-10
levels was observed at 3 months, whereas the other fourteen SF proteins and four serum
biomarkers were unchanged.

The sustained efficacy results in this study may not be comparable to IA injections
using a different HA product if injected without US guidance or without an aspiration
prior to the first HA injection. The current recommendation against the use of IA HA for
knee osteoarthritis by the American College of Rheumatology and the American Academy
of Orthopedic Surgeons reflects the small effect size of prior studies that delivered HA
without image guidance [57–59]. In Europe, however, the 2020 EULAR recommendations
support the use of IA HA injections for knee OA [60]. In addition, our results may not
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be generalizable to different OA phenotypes, including those with morbid obesity, more
advanced KL grades, or large knee effusions.

We anticipate a larger study will be necessary to validate a SF-based biomarker panel
to identify which individual OA patients will most likely receive the greatest benefit from
HA or therapeutic IA injections. This information may also help identify if these agents
reduce catabolic pro-inflammatory proteins, which cause irreversible cartilage loss, and
discover more effective therapeutic targets to improve the quality of life for patients with
knee OA.
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