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Highlights

Inflammatory rheumatic diseases are disorders due to a deregulated immune
response.

Patients with inflammatory rheumatic diseases have significant clinical
heterogeneity.

By a better patient profiling, clinicians could balance the therapeutic
management.

Dissecting the patient clinical heterogeneity of patients may improve their
treatment.

Further clinical studies on patient disease subsets may increase the clinical

remission.



Abstract

Inflammatory rheumatic diseases are different pathologic conditions associated with a
deregulated immune response, codified along a spectrum of disorders, with
autoinflammatory and autoimmune diseases as two-end phenotypes of this continuum.
Despite pathogenic differences, inflammatory rheumatic diseases are commonly
managed with a limited number of immunosuppressive drugs, sometimes with partial
evidence or transferring physicians’ knowledge in different patients. In addition, several
randomized clinical trials, enrolling these patients, did not meet the primary pre-
established outcomes and these findings could be linked to the underlying molecular
diversities along the spectrum of inflammatory rheumatic disorders. In fact, the
resulting patient heterogeneity may be driven by differences in underlying molecular
pathology also resulting in variable responses to immunosuppressive drugs. Thus, the
identification of different clinical subsets may possibly overcome the major obstacles
that limit the development more effective therapeutic strategies for these patients with
inflammatory rheumatic diseases. This clinical heterogeneity could require a diverse
therapeutic management to improve patient outcomes and increase the frequency of
clinical remission. Therefore, the importance of better patient stratification and
characterization is increasingly pointed out according to the precision medicine
principles, also suggesting a new approach for disease treatment. In fact, based on a
better proposed patient profiling, clinicians could more appropriately balance the
therapeutic management. On these bases, we synthetized and discussed the available
literature about the patient profiling in regard to therapy in the context of inflammatory
rheumatic diseases, mainly focusing on randomized clinical trials. We provided an
overview of the importance of a better stratification and characterization of the clinical
heterogeneity of patients with inflammatory rheumatic diseases identifying this point as

crucial in improving the management of these patients.

Keywords
Precision medicine; randomized controlled trials; rheumatoid arthritis; spondylarthritis;
systemic lupus erythematosus; Sjogren’s disease; systemic sclerosis; adult-onset Still’s

disease.



Main text

1.0 Introduction

Inflammatory rheumatic diseases are different pathologic conditions associated with a
deregulated immune response [1,2]. These may be codified along a spectrum of
disorders, with autoinflammatory and autoimmune diseases representing the two-end
phenotypes of this continuum [3]. Autoimmune diseases are related to the loss of
immune tolerance, the recognition of self-antigens, the recruitment of autoreactive T-
and B-cells, followed by the production of autoantibodies and an aberrant adaptive
immune response [4-6]. Conversely, autoinflammatory diseases appear to not directed
by specific antigens, but these disorders are characterized by apparently unprovoked
episodes of systemic inflammation without the production of specific autoantibodies [7-
9]. However, there are some overlaps in autoimmunity and autoinflammation features
in the inflammatory rheumatic diseases; some ‘mixed- pattern’ disorders may be indeed
suggested in this context [3]. Despite these pathogenic differences, inflammatory
rheumatic diseases are commonly managed with a limited number of common
immunosuppressive drugs, sometimes with partial evidence or transferring physicians’
knowledge in different patients [10,11]. In addition, several clinical trials, enrolling
these patients, did not meet the primary pre-established outcomes and these findings
could be linked to the underlying molecular diversities along the spectrum of
inflammatory rheumatic disorders [12,13]. In fact, the resulting patient heterogeneity
may presumably be driven by differences in underlying molecular pathology also
resulting in variable responses to immunosuppressive drugs. Thus, the identification of
different patient subsets may possibly overcome the major obstacles which strongly
limited the development of more effective therapeutic strategies for patients with
inflammatory rheumatic diseases [14-16]. Different clinical heterogeneities could
indeed advocate a diverse therapeutic management to improve patient outcomes and
increasing the possibility to reach and maintain the clinical remission. Therefore, the
importance of a better patient stratification and characterization is increasingly pointed
out according to the precision medicine principles, also suggesting a new approach for
disease treatment and prevention that considers individual variability in genes,
environmental exposure, and lifestyle [17,18]. In fact, based on a better proposed
patient profiling, clinicians could more appropriately balance the therapeutic
management, in guiding the administration of a more aggressive treatment and, at the

same time, minimising the exposure to iatrogenic side effect in less severe patients.



Taking together these considerations, a patient-based stratification may be a
meaningful approach, addressing the clinical heterogeneity, reflecting possible
differences in pathogenic mechanisms, and variable therapeutic responses.

On these bases, we aimed to synthetize and discuss the available literature about the
clinical stratification and patient characterization in regard to therapy in the context of

inflammatory rheumatic diseases.

2.0 Methodology

The overarching aim of the systematic review of literature (SRL) and Experts’ discussion
was the clinical profiling in regard to therapy following the main idea that an accurate
stratification of patients may improve their management and outcomes. We mainly
focused on randomized clinical trials (RCTs), where available, considering the clinical
relevance of these data in delineating the general therapeutic strategies.

As performed in previous works [19-21], the general methodology relied on a Delphi
Technique aimed to produce, starting from the results of a SRL, a set of statements
summarizing the consensus among the Experts, assessing six inflammatory rheumatic
diseases, namely rheumatoid arthritis (RA), spondylarthritis, systemic lupus
erythematosus (SLE), Sjogren’s disease (SjD), systemic sclerosis (S5Sc), and adult-
onset Still's disease (AOSD). The latter was introduced as prototype of an
autoinflammatory disease in adults.

Firstly, a group of Experts was identified for each topic, composed by Coordinators,
Delegates, and bibliographic Fellows. The members of each working group were selected
based on their contributions into the specific fields which were evaluated. After that,
each group identified and choose some relevant clinical questions on patient
stratification in regard to treatment, needing further and updated clarifications
according to published scientific evidence and in conjunction with the Experts’ opinion.
Assessing available data, from January 1, 2013 to January 1, 2023, the SRL was
performed, by bibliographic Fellows, in indexed international Journals (Medline via
Pubmed, Scopus, and Cochrane database) by selected relevant clinical questions. The
search strategy pooled indexed and free-text keywords, interventions, and outcomes of
interest as requested for each topic. PICO methodology served as rephrasing strategy
across all working groups, along with the pre-defined “Population”, “Intervention”,
“Comparison”, “Outcomes”, as requested by each topic research question. The main
search was prepared using a string of terms, combining the keywords to increase the

precision and accuracy of the research. Moreover, the bibliography of relevant articles



was also hand-searched for the identification of additional relevant items. Included
studies were English full-text manuscripts conducted in adult patients with selected
inflammatory rheumatic diseases. Also, to be included in the review, studies had to
report enough data concerning each single selected topic, otherwise they were
excluded. The research was mainly focused on RCTs, where available. Narrative
reviews, editorials, conference abstracts, case reports, and preclinical studies were
excluded. For each working group, full-texts of articles were screened and selected after
assessing titles and abstracts by bibliographic Fellows, then independently verified by
Coordinators. Bibliographic fellows independently extracted the results and
Coordinators verified the process. All uncertainties and/or disagreements were
discussed until reaching a final consensus. The levels of evidence (LoE), suggested by
Oxford University, identified the hierarchy of study types (http://www.cebm.net/oxford-
centre-evidencebased-medicine-levels-evidence-march-2009/). During the meeting,
the results of literature analysis were summarized, presented, and additional inputs
were obtained in expanded working groups including all Delegates. Conflicting results
were further discussed, considering the quality of assessed studies, until reaching an
agreement into the single working group. Preliminary statements were consequently
formulated according to results and quality of selected articles. Disagreements were
discussed until reaching a final consensus. After that, for each selected topic,
preliminary statements based on available scientific results were presented in
accordance with their level of evidence, discussed, eventually reformulated, and voted
through a Delphi-method during a Consensus involving the whole panel of international
Experts. In the plenary session, the statements were voted as ‘yes’ (agreement) or ‘no’
(disagreement) from the entire panel of Experts. Statements supported by > 66% of
positive votes were accepted whereas the others were rejected outright. At this final
stage, only suggestions for improvements of clarity wording or addressing redundancies
were considered, whereas any change to the meaning was not accepted.

This project was concluded in Italy on February 17-18, 2023.

3.0 Rheumatoid arthritis

3.1 Seropositivity (ACPA and/or RF) is associated with an earlier and better response to

MTX-based conventional treatment strategy in patients with early rheumatoid arthritis

(LoE: 2b). Seropositivity is associated with a more evident reduction of structural

damage in rheumatoid arthritis patients under an aggressive, MTX-based, treatment
strategy (LoE: 2b).




Methotrexate (MTX) is considered the “anchor drug” for the management of RA patients.
As such, international guidelines recommend the use of MTX as first line therapy,
together with a treat-to-target approach, aimed at the achievement of remission or, at
least, a low disease activity state. In the first step of the algorithm-based strategy for
the treatment of RA, the indication for the use of MTX comes irrespective for the
autoantibody status, while the presence of RF and/or ACPAs represents a driver for the
choice of a targeted therapy in case of failure of conventional synthetic disease
modifying anti-rheumatic drugs (csDMARD) [22]. While some data indicate a preferable
choice for certain biological DMARDs (bDMARDSs) according to serostatus, the question
whether profiling RA patients through rheumatoid factor (RF) and anti-citrullinated
protein autoantibodies (ACPA) status might be useful to predict response also to
conventional therapy remains open.

The IMPROVED trial evaluated the efficacy of a MTX plus prednisone combination
therapy in induction of remission in patients with early RA. In this multicenter study,
610 patients with early RA or undifferentiated arthritis were started with MTX 25
mg/week plus prednisone 60 mg, aiming at the remission according to the DAS index.
After the first 4 months from induction therapy start, patients not in remission were
randomized to add-on therapy with MTX plus hydroxychloroquine plus sulfasalazine, or
MTX plus adalimumab. In the 5-year extension of study, ACPA positive patients were
more prone to achieve early remission (i.e., within 4 months) under MTX (plus
prednisone) treatment compared to seronegative ones [23].

Similar results were obtained through a machine learning approach by the analysis of
data derived from 4 RCTs. In the work by Duong and Colleagues, the trajectories of
ESR-DAS28 change of 755 early RA patients were evaluated through a latent class
analysis. Over 24 weeks of MTX, ACPA positivity appeared to be a predictor of good
response of treatment [24]. Interestingly, the higher number of isotypes, the higher
likelihood of response under MTX therapy in a post-hoc analysis of the IMPROVED trial.
It has been postulated that the presence of multiple autoantibodies at baseline may
reflect a more active autoimmune milieu which is more susceptible to suppression by
MTX in the initial stages [25].

Not only MTX alone or in combination with corticosteroids, but also MTX-combination
therapy with other conventional synthetic DMARDS confers a higher probability to obtain
better DAS28-responses in ACPA-positive RA patients, as observed in a post-hoc
analysis of the CARDERA trial. In this study, 467 early RA patients were randomized to

receive MTX alone or in combination with either cyclosporine A or prednisolone, or with
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cyclosporine A plus prednisolone. Triple therapy and corticosteroids were associated
with better DAS28 responses over a 6-month follow-up, but only in ACPA positive
subjects [26]; however, despite better DAS28 results at 6 months, in an another post-
hoc analysis of the same study ACPA positive RA patients displayed no differences in
terms of DAS28 remission [27].

The primary aim of a disease-modifying drug is the ability to arrest anatomical damage
within the joints, and, consequently, to reduce functional disability and mortality risk.
The presence of autoantibodies is a well-described risk factor for radiographic
progression, but the influence of ACPA and/or RF positivity on the disease-modifying
effect of MTX is not well established [28].

In the aforementioned CARDERA trial, all treatment arms were associated with lower
radiographic progression in ACPA positive patients, while no differences were observed
in their autoantibody-negative counterparts [26]. Also, an MTX plus TNF inhibitor (TNFi)
ab-initio seems to reduce joint damage in RF positive patients, as observed in a post-
hoc analysis of the FIN-RACo and NEO-RACo RCTs [29]. This suggests a general greater

efficacy of an MTX-based strategy in the presence of autoantibodies.

3.2 Seropositivity is associated with increased efficacy of non-TNFi bDMARDs, especially

rituximab (LoE: 1a). Seropositivity is also associated with a better response to

abatacept (LoE: 2b) and appears to be associated with a better response to tofacitinib

(LoE: 2b).

In modern era, the therapeutic armamentarium for the management of RA has

significantly increased, especially thank to the development of new biologic or target
synthetic molecules. This highly improves the chance to obtain better disease outcomes.
According to international guidelines, patients who fail to achieve at least low disease
activity with a first (and, in the absence of risk factors for disease progression such as
autoantibodies positivity, a second) course of csDMARD, are strongly suggested to be
escalated to a b- or tsDMARD; however, a clear indication on whether prefer a molecule
over another’s according to RF/ACPA status is still lacking [22].

A large metanalysis of 2139 RA patients extrapolated from four RCTs (REFLEX, SERENE,
DANCER and IMAGE study) evaluated the efficacy of B-cells depletion therapy,
rituximab at 24 weeks, in accordance with the autoantibody status. The Authors have
shown that seropositive patients respond better to rituximab compared to seronegative
ones. Interestingly, the magnitude of this effect was not equal in all treatment groups,

while the largest impact of serotype in response to rituximab was observed in those
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who failed at least one TNFi. These results were similar both for DAS28-ESR index as
well as ACR responses [30].

Similarly and in accordance with the pathophysiology of RA, also inhibition of co-
stimulation appeared to be more effective in autoantibody-positive disease. In the
AMPLE trial, 646 refractory patients to conventional therapy and naive to bDMARDs
were randomized to receive either subcutaneous abatacept or adalimumab, with the
primary endpoint of non-inferiority. In a post-hoc analysis performed by Fleischmann
and Colleagues, patients with poor prognostic factor, including autoantibody positivity,
showed better response to abatacept in terms of disease activity and physical function
[31]; interestingly, patients with the highest ACPA concentrations had better response
with abatacept, while this association was not observed with adalimumab [32].

Few data are available with respect to other non-TNFi. A post-hoc analysis of data
pooled from five RCTs (ORAL Solo, ORAL Sync, ORAL Standard, ORAL Scan, and ORAL
Step) concluded that double autoantibody-positive patients treated with tofacitinib were
more prone to achieve ACR-responses compared to seronegative ones. Also, double
positivity or single ACPA positivity was associated to a higher chance to achieve DAS28

remission or low disease activity than double autoantibody-negativity [33].

3.3 Despite stratification based on definite age cut-off (e.qg., >65 vs. < 65 years) is

mostly unavailable, age analyzed as continuous variable does not affect response to
MTX (LoE: 2b).

Similarly to what has been analyzed for RF and ACPA status, it remains to be clarified

whether the age of patients may influence the response to DMARDs in order to guide
therapeutic choices. Evaluating age as a predictor of response to MTX in patients
affected by RA, we identified 4 RCTs.

In a post-hoc analysis [34] of two RCTs, OPTIMA (a randomized, double-blind, double-
period, phase 4 trial) and PREMIER (a phase 3 randomized controlled trial), age was
not correlated with the clinical response in patients with early RA treated with MTX.

In an analysis of the OPERA trial [35], where MTX was prescribed and increased to 20
mg/week in combination with placebo or adalimumab, the authors examined the factors
predicting hand bone loss. The literature, indeed, suggests that erosions and
periarticular bone loss are both characterized by reduced bone formation and increased
bone resorption. Baseline age was identified as a predictor of hand bone loss at one

year.
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In a post hoc analysis of the U-Act-Early trial [36], Teitsma et al. examined clinical
predictors for inadequate response to MTX plus hydroxychloroquine. The tREACH trial
was utilized for sample validation. The authors didn’t find an association between age
and the risk of inadequate response to therapy (p=0.10, OR 1.03, 95% CI 0.99 - 1.05).
In a post-hoc analysis of the CARDERA trial [27], early RA treatment-naive patients
were randomized into four treatment arms: MTX; MTX plus cyclosporine; MTX plus
prednisone; MTX plus cyclosporine plus prednisone. The study compared patients aged
younger than 50 years to those older than 50 years in terms of DAS28 remission at 24
months. The results suggested that patients aged over 50 years with higher tender joint
counts experienced a more favorable response to triple therapy. On the other hand, an
age of less than 50 years is a predictor of a good response to all three treatment

schemes.

3.4 Age of golimumab start (>65 years vs. <65 years) does not affect its efficacy, in

patients with RA under the same dosage of MTX. (LoE: 2b). Younger age, analyzed as

a_continuous variable, is associated with a better response to etanercept, but

information about MTX dosage is not available (LoE: 2b).

We identified 5 RCTs that evaluates age as a predictor of response to bDMARDs. In a
post-hoc analysis of the GO-FURTHER TRIAL [37], the efficacy of intravenous
golimumab plus Methotrexate was evaluated using the American College of
Rheumatology response criteria over 112 weeks. The clinical efficacy appears to be
comparable between patients aged = 65 years and those younger than 65 years.
Notably, the mean MTX dosage was similar between the two groups. In a post hoc
analysis of the PRESERVE trial [38], patients with RA demonstrating moderate disease
activity were analyzed. In the open label period within the initial 36 weeks, where
patients were administered etanercept 50 mg once a week in combination with
methotrexate, it was observed that a younger age at baseline, assessed as a continuous
variable, was a predictor for achieving remission by week 36, considering DAS28, SDAI,
and CDAI. When age was considered as a categorical variable and analyzed using a
cutoff of 40 years, as well as comparing groups of patients younger than 40 years and
those aged 40 to 65 years, the same result was obtained. In the analysis with 65 years
as the cutoff point, it was found that younger patients had a higher probability of
achieving remission at week 36, as determined by SDAI and CDAI. However, when
considering these groups of patients, age was not predictive of reaching remission

evaluated with DAS28. In another post hoc analysis of an RCT conducted with Latin
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American patients diagnosed with MTX-resistant RA [39], predictors of response to
treatment were evaluated in the group randomized to etanercept 50 mg weekly plus
MTX. The analysis revealed that younger age was identified as a predictor of response
in this population. Considering age, the optimal cutoff predicting remission at week 24
included an age < 49 years (OR 2.93), and an age < 42 years at week 128 (OR 2.21).
On the other hand, in the TEAR trial, a Phase 3 RCT involving early RA patients younger
than 65, participants were randomized to introduce etanercept or sulfasalazine plus
hydroxychloroquine after 6 months of treatment with MTX. Higher age was found to be

associated to Predict Low Disease Activity at 1 year [40].

3.5 Several single nucleotide polymorphisms have been associated with response to

bDMARDs; however, their use as predictive biomarkers for treatment response is

limited, and the effect size is small (LoE: 1a).

We identified 20 research articles that explored the association between genetic
variants, particularly single nucleotide polymorphisms (SNPs), and response to
bDMARDs [4-60]. Fifteen were meta-analysis studies [41-48, 52-60], 3 were
observational studies [49-52], 1 was a randomized controlled trial [44] and one was a
systematic literature review [45]. The articles included investigated different
polymorphisms and risk alleles for RA. Among them, 5 studies did not find any
association between various bDMARDs (mostly TNFs) and the polymorphisms analyzed
[41-54]. The other studies found various associations between treatment response and
SNPs [46-60]; however, these were mainly individual studies which haven’t been
replicated and/or validated. Importantly, The IL-6R polymorphisms rs12083537 and
rs1800795 have been associated with either TNFis [60] or tocilizumab (TCZ) [59]
response. Three studies showed that IL-6R rs12083537 AA genotype was linked to a
better response to TCZ [58-60] while the IL-6R rs1800795 -174*G genotype was
associated with a good response to TNFi [60] and IL-6 -174 C allele to a poorer response
[55].

Despite some findings have suggested genetic polymorphisms as potential predictive
markers of treatment response, the overall utility of these remains limited. Meta-
analyses and systematic reviews have highlighted the challenges in replicating genetic
associations across different populations and treatment cohorts. Furthermore, the effect
sizes observed for most genetic variants are modest, underscoring the complexity of

genetic influences on treatment response variability.
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3.6 Various genes and miRNAs in peripheral blood have been associated with response

to bDMARDs; however, these associations are derived from observational studies,

indicating a small effect size and limited clinical utility as predictive biomarkers for

treatment response (LoE: 2a).

We identified 12 research studies that considered gene signatures and microRNAs
(miRNAs) as potential peripheral blood biomarkers predictive of treatment response to
bDMARDs [61-72]. In this context, two RCTs conducted on a population with an early
stage of the disease highlighted an association between low levels of miR-22 expression
[63] and high levels of miR-27a-3p [64] with response to TNFi. Although many other
articles correlated various genes and miRNAs in peripheral blood with treatment
response to bDMARDSs, these results primarily stem from observational studies.

The small effect size, heterogeneity in study designs, inconsistency in the used clinical
outcome and the different patient cohorts included all limit our ability to draw a unique
conclusion and their adoption as predictive biomarkers in the clinical practice. Moreover,
the clinical utility of peripheral blood biomarkers as standalone predictors of treatment
response remains uncertain. Future research efforts should focus on elucidating the
biological mechanisms underlying peripheral blood biomarker associations and

validating their predictive value in well-designed prospective studies.

3.7 Several serum proteins (OPN, SAA, CXCL13, VICM) have been linked to response
to bDMARDs; however, their predictive value for treatment response is limited, and the
effect size is small (LoE: 2b/3). In post-hoc analysis of two RCTs, the CXCL13 to sICAM-

1 ratio has been implicated in informing response to TNFi versus IL6-receptor inhibition,

albeit with contradictory results (LoE: 2a).

Several serum proteins, including Osteopontin (OPN), Serum Amyloid A (SAA), C-X-C
Motif Chemokine Ligand 13 (CXCL13), and Vascular Induced Cartilage Metalloproteinase
(VICM), have been investigated as potential predictors of treatment response to
bDMARDSs in RA [73-99]. We included in the analysis 27 research studies (16 clinical
RCTs [73, 79-83, 85-89, 95-99] and 11 observational studies [74-78, 84, 90-94]) that
examined the role of many serum proteins as biomarkers of treatment response. Most
of them [73-86] did not show any significant differences between responders and non-
responders to bDMARDs, confirming the challenge of identifying a single biomarker able
to predict response. Other non-replicated studies pointed out the association of IL17A
[87], SAA [88], CTX-I/OC, CTX-I alone [89] and Dkk-1 [94], with treatment response

mainly to tocilizumab or TNFi. Notwithstanding these positive findings, the predictive
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value of these markers remains modest, and concerns remain about their
reproducibility. Moreover, the small cohort size and the different clinical outcomes
currently hinder their routine use.

The analysis of two RCTs revealed conflicting results regarding the predictive utility of
specific serum biomarkers, CXCL13 and ICAM1 [97, 99].

ICAM1 is a molecule involved in cell adhesion and inflammation; when elevated, it may
indicate more severe inflammation and immune system activation [100]. Conversely,
CXCL13 is a chemoattractant factor for B cells, generally associated with the formation
of lymphoid follicles in lymphatic tissue [101] but also shown to be elevated in the
inflamed synovium, where it can contribute to the formation of ectopic lymphoid
structures. In one study [99], analyzing synovial tissue samples from 2 cohorts of 49
and 20 patients using a combination of global gene expression, histologic and cellular
analyses, and analysis of gene expression data from two further publicly available RA
cohorts, four distinct synovial phenotypes in RA were identified: lymphoid, myeloid, low
inflammatory, and fibroid, each with unique gene expression signatures. Patients with
higher baseline expression of synovial myeloid genes responded better to TNFi. Baseline
serum levels of soluble ICAM1 and CXCL13 showed differential effects on clinical
response to TNFi versus anti-IL-6R treatment. Patients with sSICAMhigh/CXCL13low had
a higher rate of ACR response to TNFi treatment compared to IL-6R inhibition, whereas
individuals with sICAMIowCXCL13high were more likely to respond to tocilizumab.
Although interesting, the study used different cohorts and the absence of a validated
cutoff to establish the levels of sSICAM and CXCL13 limit the predicative value of the
markers. In addition, these findings are in contrasts with the ones reported in another
retrospective analysis [97], involving patients with moderate-to-severe active RA, who
didn't respond sufficiently to methotrexate. In this study serum specimens were
examined at baseline and after treatment up to 24 weeks. Baseline levels of CXCL13
and sICAM-1 were examined to assess whether different biomarkers ratios could
associate with clinical responses to sarilumab or adalimumab. While patients with
CXCL13high/sICAM-1high, as well as those with CXCL13low/sICAM-1low exhibited more
significant ACR50 responses with sarilumab compared to adalimumab, other
combinations did not show predictability. In conclusion, conflicting findings regarding
the predictive utility of specific serum biomarkers, such as CXCL13 and ICAM1,
underline the need for further validation in independent cohorts. Additionally, the
incorporation of serum biomarkers into predictive models may enhance their clinical

utility and facilitate personalized treatment decisions in RA.
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3.8 Predictive models based on synovial molecular signatures for treatment response

to Tocilizumab or Rituximab, and refractoriness (fibroblast and ECM signature), have

been reported (LoE: 1b). Several genes in synovia have been associated with response

to bDMARDs; however, these observations originate from observational studies with

relatively small sample sizes (LoE: 2b).

In recent years, the advancement in the molecular characterization of RA has led to
considering synovia as the principal tissue to investigate in order to understand disease
pathogenesis and treatment response. Indeed, an increasing body of evidence that the
molecular mechanisms that lead to synovitis are not the same at the patient level. We
included in the analysis 10 studies which investigated the role of genes, transcripts,
cytokines, and chemokines as potential predictors of treatment response [99, 102-111].
Most of these articles were observational studies [102-109] while only four were RCTs
[99, 103, 110, 111]; however, the overall number of patients enrolled in each study
was small. Four studies analyzed the association between various molecules, including
LT-a and TNF [102], CRP, and MMP3 [104] and MCP-1 and MIP-1b [105] and treatment
with different bDMARD, particularly TNFis, but they failed to demonstrate any
relationship. An observational study conducted on csDMARDs-IR patients highlighted
the presence of 21 down- and 72 up-regulated synovial genes in responders to TNFis
compared to non-responders [109] suggesting a different molecular expression pattern
after treatment. So far, only one RCT examined directly the synovial inflammation
[111]. The R4RA trial is the first biopsy-driven trial in which TNFi-non-responder
patients were randomized to either rituximab or tocilizumab. Patients were stratified in
B cell-rich and B cell poor according to the B cell count in the synovia through histology
and molecular analysis. The study showed that patients classified as B cell-poor through
RNA-sequencing were less likely to respond to rituximab compared to tocilizumab;
however, the primary outcome was not reached when classifying the patients according
to histology, suggesting the need for a deep molecular classification to better predict
treatment response. An in-depth post-hoc analysis of the trial provided a predictive
algorithm of treatment response to individual medication, while refractoriness was
associated with a stromal-fibroblast signature [111]. Despite the potential of synovial
biomarkers in guiding treatment decisions, challenges remain in translating research
findings into clinical practice. Standardization of synovial tissue sampling and analysis
methods, and validation in larger patient cohorts, are critical steps towards integrating

synovial biomarkers into routine clinical care for RA patients.
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4.0 Systemic lupus erythematous

4.1 In terms of demographic characteristics rituximab seems more effective in African

American and Hispanic people, ustekinumab in Caucasians while belimumab seems to

be inefficacious in the black population (LoE: 2b). Respect to patients’ clinical

characteristics belimumab and atacicept have greater efficacy in patients with high

disease activity (SELENA SLEDAI >=10), whereas skin response to anifrolumab is

higher in patients with a baseline CLASI >10 (LoE: 2b). Concerning laboratory features,

belimumab and atacicept have higher efficacy in serologically active patients (high anti-

dsDNA and/or low complement), anifrolumab in patients with high IFN gene signature

at baseline and iberdomide in patients with high IFN gene signature or high Aiolos

sighature at baseline (LoE: 2b).

SLE is a multisystemic autoimmune disease that typically affects multiple organs.
Different clinical subsets sustained by different underlying immunological abnormalities
are being acknowledged in SLE [112], which may be likely to show different responses
to given treatments. Several drugs are available in the pipeline for the treatment of
different clinical manifestations, and, in recent years, two monoclonal antibodies,
belimumab and anifrolumab, have been approved by the US Food and Drug
Administration (FDA) and the European Medicines Agency (EMA) specifically for the
treatment of this condition. Nevertheless, the variability of the disease spectrum makes
the treatment of SLE quite difficult, and, despite therapy, most patients experience
frequent disease flares and accumulate organ damage. Since no drug has proven to be
efficacious in all patients, the identification of clinical or laboratory features providing
insights into susceptibility to different drugs is required for a personalized therapeutic
approach. To address this issue, we performed a systematic literature review, retrieving
a total 317 articles, of whom 38 were considered eligible (31 RCTs and 7 post-hoc
analyses).

One of the first biologic therapies studied in SLE is rituximab (RTX), a chimeric
monoclonal antibody that selectively targets CD20-positive B cells and is approved for
the treatment of non-Hodgkin's lymphoma and RA [113-115]. The results of several
small uncontrolled trials have suggested that RTX might have potential efficacy and be
steroid sparing in SLE [116-125]. Very few data are available about the different
response of subgroups of patients to RTX in RCTs. Indeed, when considering the efficacy
of RTX in extrarenal SLE, only the EXPLORER trial performed a preplanned subgroup

analysis demonstrating a possible ethnicity influence: while the trial failed to
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demonstrate efficacy in the whole population, a beneficial effect of RTX on the primary
endpoint (assessed using each of the 8 BILAG index organ system scores) was observed
in the African American/Hispanic subgroup, while not in the other ethnic groups [126].
Belimumab (BLM) is a human immunoglobulin monoclonal antibody against B
lymphocyte stimulator [127] a potent B cell survival factor associated with human SLE
[128,129]. The safety and efficacy of intravenous BLM, at a dose of 10 mg/kg, as add-
on therapy in patients with SLE was demonstrated in two large phase III RCTs, that led
to its approval as first biological agent for the treatment of SLE by FDA and EMA [130-
131]. Data from post hoc analyses of the BLISS 52 and BLISS 76 showed that
serologically active disease (high anti-DNA titres, low C3/C4), high disease activity
(SLEDAI 2k =10), concomitant prednisone and antimalarial treatment, and baseline
prednisone > 7.5 mg/day were associated to a higher rate of SLE responder index (SRI)-
4 response to BLM treatment [132-134]. Interestingly, a post-hoc analysis of the BLISS
52 and BLISS 76, showed that patients taking belimumab had a reduced cumulative
dose of steroids at the end of the study, regardless baseline disease activity [135].
More recently the influence of serological activity on treatment efficacy was also
confirmed for weekly subcutaneous BLM [136]. Interestingly, BLM seems to be less
effective in the Black African ancestry: in the EMBRACE trial, which included 448
patients with self-identified Black race, Belimumab did not meet the primary endpoint
of improvement in the SRI-4 SLEDAI-2K response rate [137]. However, improvements
were observed especially in patients with high disease activity at baseline, suggesting
that BLM might remain a suitable treatment option in Black patients. Atacicept, a fusion
recombinant protein that inhibits BLyS and APRIL, has also shown to be more efficacious
in patients with high disease activity (SLEDAI 2k >10 at baseline), high anti-dsDNA and
low complement levels in the ADDRESS II phase 2 clinical trial [138].

Anifrolumab, an anti-IFN-1 receptor human monoclonal antibody, was recently
approved by FDA and EMA for the treatment of SLE based on the results of the TULIP-
2 trial. In the phase 2 [139] and phase 3 [140] RCT patients with baseline high IFN
signature showed greater effect in terms reaching the primary endpoint respect to
patients with low IFN-1 signature. Moreover, the CLASI response was higher in patients
with high CLASI (=10 points) at baseline, suggesting a higher efficacy of the drug in
patient with moderate to severe cutaneous involvement.

Finally, the recent phase 2 trial of Iberdomide, a cereblon modulator promoting
degradation of the transcription factors Ikaros and Aiolos, showed a better response in

patients with higher IFN-1 signature and higher Aiolos signature [141].
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4.2 Belimumab seems to have greater efficacy in patients with proliferative vs.

membranous LN and on a background therapy with MMF (LoE: 2b). Belimumab seems

to be more effective in LN patients of Black ancestry and those with a baseline

proteinuria<3g/day (LoE: 2b). Voclosporin proved effective across all histological

classes, including a clinically meaningful efficacy in class V (LoE: 2b). Obinotuzumab

seems to be more effective in class IV LN (LoE: 2b).

Lupus nephritis (LN) is still impacting the long-term prognosis of SLE patients, leading
to renal failure in up to 20% of cases [142]. Until recently, RCTs on LN were burdened
with unsuccess, preventing drugs such as RTX from being licensed for use in LN [143],
despite being included in the international recommendations for LN since a long time.
In the last decade, promising molecules have arisen and more suitable RCT designs
have been employed which highlighted the additional benefit of a novel add-on
treatment over standard of care (SoC) alone. Overall, 7 RCTs and 1 post-hoc analysis
were retrieved in our SLR on this topic.

BLM (anti-BLyS), already licensed for non-renal SLE in 2011, has shown increased
benefit when added to SoC during the initial treatment of LN, leading to significantly
increased renal response rates (+11%) in the drug vs. placebo arm in the phase 3
BLISS-LN trial [144]. This RCT was undertaken due to a strong immunological rationale
for early belimumab use in SLE, also considering a previous post-hoc analysis on phase
3 RCTs for belimumab where data on patients with concomitant renal involvement were
analyzed [145]. Despite not reaching statistical significance, the analysis showed
increased efficacy of belimumab in patients with renal activity, ongoing MMF treatment
and active serology, suggesting that a subgroup of patients could particularly benefit
from an early combination treatment with belimumab. Consistently, the BLISS-LN RCT
assessing renal response in patients receiving belimumab + Soc vs. SoC alone was
successful, showing an even greater response rate in patients with proliferative LN,
subnephrotic proteinuria and preferentially receiving mycophenolate over
cyclophosphamide [144,146]. Combination treatment with belimumab was also
associated with flare reduction and preserved glomerular filtration rate (GFR) in the
long term.

The calcineurin inhibitor voclosporin was successful in phase 2 and 3 RCTs comparing
voclosporin plus SoC vs. SoC alone in LN [147, 148], showing a significant improvement
in renal response and preservation of renal function in the long term in the drug arm,

notwithstanding a temporary drop in GFR within the first four weeks of treatment.
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Similarly to belimumab, the addition of voclosporin was more effective on a
mycophenolate background. Despite the RCT was not specifically designed for this
purpose, voclosporin showed also a + 10% renal response in patients with membranous
classes of LN versus placebo. Interestingly, belimumab was less effective among Black
patients with LN, while voclosporin obtained better response rates among non-white
races in the AURORA trial.

Data on anti-IFNAR anifrolumab in LN are still scarce, as the phase 2 TULIP-LN failed in
reaching the primary endpoint. Nevertheless, a phase 3 RCT of anifrolumab in LN is
ongoing, acknowledging the immunological rationale and according to favorable data
from TULIP-LN RCT showing renal efficacy for the intensified anifrolumab regimen in
proliferative LN [149]. The new anti-CD20 obinutuzumab is in the pipeline for LN, having
succeeded in the phase 2 RCT and being currently under investigation in a phase 3
(NCT04221477). In prespecified subgroup analyses of the phase 2 trial, the benefit of
obinutuzumab over placebo at 104 weeks was greatest among patients with class IV
(as compared with class III) LN on renal biopsy.

Overall, current data from RCTs in LN showed superiority of early combination treatment
in LN, where a novel drug is added to SoC in the very initial treatment of LN. Such
approach led to improved renal response and renal survival and allowed a quick and
safe steroid tapering in the drug arms. The choice of which drug to be added first should
be refined considering histology (proliferative vs. membranous), proteinuria levels,
baseline renal function and eventually patient ethnicity, in order to increase the a priori
chances of response. Deeper understanding and targeting of underlying molecular
pathways resulting in clinical and histological features will likely improve the

personalization of treatment.

5.0 Sjogren disease

5.1 Stratification for salivary flow rate at baseline should be evaluated for inclusion into

RCTs. The salivary flow rate improves following treatment with drugs with different
mechanisms of action (RTX, RTX and belimumab, abatacept, HCQ, HCQ and

leflunomide) (LoE: 1b). In 2 open label studies baseline salivary flow rate predicted

improvement in salivary function (LoE: 2b).
Different studies on RTX, from 2005, with different design, both open label and RCTs

showed an increase in salivary flow rate after this treatment in SjD.
In a small open label conducted by Meijer et al. in 2009, 5 patients, who underwent

retreatment with RTX in the extend follow up, had an increase on the stimulated
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submandibular/sublingual salivary flow at week 12, followed by a gradual decline to just
above baseline at 48 weeks [150]. In the first RCT conducted by Meijer et al. in 2010,
20 patients were treated with intravenous (IV) infusions of 1000 mg of RTX and 10
patients were treated with IV infusions of placebo on days 1 and 15 [151]. The primary
end point was met, in fact the stimulated whole saliva flow rate significantly improved
in the RTX group (p = 0.018 at week 5 and p = 0.004 at week 12, versus baseline),
while in the placebo group these values significantly decreased from baseline. A
significant difference in the mean change from baseline to week 12 in the stimulated
whole saliva flow rate was found between treated and untreated patients (p=0.038).
The unstimulated whole saliva flow rate and the submandibular/sublingual flow rate
also significantly increased from baseline in the rituximab group [151]. In another open
label study conducted by Carubbi et al. in 2013, RTX was able to significantly increase
the unstimulated salivary flow from week 12 [152]. These studies suggest the value of
selecting patients with residual salivary gland function for inclusion in clinical trials, in
order to demonstrate an increase in salivary flow after treatment. In fact, in a small
prospective, single-center, open-label phase II study, conducted by Pijpe et al. in 2005,
15 consecutive patients with early SjD (n=8) or MALT/SjD (n=7), were enrolled and
treated with RTX and functional assessments. Fourteen patients completed the study
[153]. Although no significant changes were seen in whole salivary flow, stimulated
submandibular/sublingual salivary secretion increased significantly in patients with a
stimulated salivary flow >0.10 ml/minute at baseline (in all patients with early SjD and
2 with MALT/ SjD). No changes were seen in patients with a stimulated salivary flow of
<0.10 ml/minute at baseline (5 patients with MALT/SjD) [153].

RTX and BEL sequential treatment in a 68-week, phase II RCT, including 86 SjD
patients, showed a trend toward a higher stimulated salivary flow at weeks 52 and 68
[154]. Patients were randomized to receive placebo, both subcutaneous BEL and RTX,
or monotherapy with BEL or with RTX [154].

To evaluate the effectiveness and safety of abatacept (ABA) in SjD, a small open label
study was conducted in 2019 by Machado et al. Eleven SjD patients were treated with
ABA at day 1, 15, 29 and every 4 weeks. This study showed a statistically significant
improvement in salivary flow from the baseline to 24 months (p= 0.003) [155].

As long as csDMARDs in SjD are concerned, in a small single center, open-label pilot
study in 2010, 30 women with early SjD scheduled for HCQ treatment (400 mg daily)
for 30 weeks of treatment. The uSFR increased throughout the HCQ treatment, and
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the amount of increase was significant at each time point (6, 12, 18, 24, 30 week)
[156].

In a subsequent RCT, conducted by van Der Heiden et al. in 2020, patients were
randomly assigned (2:1) to receive leflunomide (LEF) 20 mg and hydroxychloroquine
400 mg daily, or placebo for 24 weeks [157]. A significant increase in UWS was
observed in patients receiving HCQ and LEF compared to placebo after 24 weeks of
treatment (p=0.014) [157].

5.2 Although these parameters have not been evaluated as predictors of clinical

response, baseline levels of RF, IgG should be considered as stratification tool in RCTs.

The decrease of RF and IgG serum level have been consistently reported following

treatment with drugs with diverse mechanisms of action (RTX, RTX and belimumab,
abatacept, HCQ and leflunomide) (LoE: 1b).

Different open label studies and RCTs showed a decrease in the levels of IgG and RF

after RTX treatment. In particular, in a small prospective, single-center, open-label
phase II study, conducted by Pijpe et al. in 2005, B cell depletion was accompanied by
a significant decrease in IgM-RF levels at week 5 in patients with MALT/ SjD. Instead,
IgG, IgA, IgM, and B2-microglobulin levels did not change in either group of patients
[153]. In another double blind, placebo-controlled, randomized pilot study, conducted
by Dass et al. in 2008, showed a significant difference in the reduction of RF between
the two groups at 6 months (45 vs 0, RTX vs placebo, p=0.05) but no significant change
was observed in immunoglobulin levels or titers of other antibodies [158]. In the
extended follow-up in 2009, RTX retreatment of the patients with early SjD, 48-week
follow-up data were available: retreatment had a significant effect on B cells (numbers,
populations?) and levels of IgM-RF [150]. Furthermore, Meijer et al. consistently
observed significantly reduced levels of RF 5-36 weeks after RTX treatment compared
to the baseline [151]. These findings were supported by several other investigators
[159-161]. Two studies indicated that increasing levels of RF during B cells repopulation
may predict a disease relapse [160-161]. Regarding IgG levels, a large RCT by
Devauchelle-Pensec et al. [162], and two small studies, conducted by Meijer et al. and
Meiners et al. showed a significant reduction in the total serum IgG level 24 weeks after
treatment or later [150,159], RTX and BEL, in a 68-week, phase II RCT, including 86
patients with active SjD, showed a significant trend toward a reduction in both IgG and
RF levels in the BEL + RTX group when compared to placebo [154]. In a phase III,

double-blind, placebo-controlled trial, conducted by Baer et al. in 2011, eligible patients
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with active SjD were randomized 1:1 to receive either weekly sc ABA 125mg or
placebo for 169 days [163]. Of 12 selected disease-relevant laboratory parameters and
biomarkers, mean change in IgG IgM-RF serum levels was significantly different
between the ABA and placebo group at day 169, while ABA treatment did not result in
significant clinical efficacy compared with placebo in patients with moderate-to-severe
SjD, despite evidence of biological activity [163].

As far as HCQ and LEF are concerned, in an RCT, conducted by van Der Heiden et al. in
2020, patients were randomly assigned (2:1) to receive LEF 20 mg and HCQ 400 mg
daily or placebo for 24 weeks. A significant decrease in serum IgG and IgM RF levels
was observed in patients receiving HCQ and LEF compared to placebo after 24 weeks
of treatment: serum IgG (p = 0.0013), IgM RF (p=0.017) [157].

5.3 Selection of patients based on activity level in the articular, constitutional,

lymphadenopathy, glandular and biological ESSDAI domains is advisable in RCTs.

Improvement in joint, constitutional, glandular, lymphadenopathy, and biological

ESSDAI domains has been reported following treatment with drugs with diverse

mechanisms of action (iscalimab, ianalumab, HCQ and leflunomide) (LoE: 1c).

In the multicentre, randomized, double-blind, placebo-controlled trial of the anti-CD40
antibody iscalimab, conducted on 82 patient who were randomly assigned to receive
either 3 mg/kg doses of iscalimab, IV 10 mg/kg doses of iscalimab, or placebo (n=4),
and in cohort 2, 32 patients were randomly assigned to receive either, for 12 weeks. IV
treatment with iscalimab resulted in a mean reduction of 5.21 points (95% CI 0-96-
9:46; one-sided p=0-:0090) in ESSDAI score compared with placebo. There was no
significant difference in ESSDAI score between SC iscalimab and placebo [164].

A post-hoc analysis showed improvements in clinical ESSDAI (ESSDAI without the
biological domain) at week 12 for IV iscalimab compared with placebo, with a reported
reduction of 6.10 points (1:08 to 11:11) [164]. The articular domain had the greatest
reduction in ESSDAI score at week 12, even as articular ESSDAI domain was the most
severely affected domain at baseline. Another smaller RCT investigated the
effectiveness of ianalumab, a monoclonal antibody that blocks the B-cell activating
factor (BAFF) receptor, in 27 SjD patients. The study showed that ESSDAI scores at the
end of the study in patients treated with 10 mg/kg ianalumab remained at reduced
levels achieved over the 24-week blinded period. Furthermore, the evaluation of
individual ESSDAI domains revealed that most improvement was in the articular domain

with ianalumab treatment [165]. A small single-centre phase IIA RCT on 29 SjD patients
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treated with the combination therapy LEF/HCQ (n=21) or placebo (n=8) showed a
significant decrease in ESSDAI in favor of the LEF/HCQ group compared to placebo.
From 0 to 24 weeks, the mean difference in ESSDAI score, adjusted for baseline values,
in the leflunomide-hydroxychloroquine group compared with the placebo group was -
4-35 points (95% CI -7:45 to -1:25, p=0-0078). This difference was mainly driven by
the constitutional, biological articular, lymphadenopathy, and to a lesser extent the
glandular domain of the ESSDAI [157].

6.0 Systemic sclerosis
Note: in this work, the SSc working group only included subgroup analysis based on
treatment differences between the study arm vs. the placebo/control arm of RCTs.

Simple inner-arm comparisons were not accepted.

6.1 We recommend background therapy to be allowed for RCTs investigating disease-

modifying agents in SSc. Stratification and pre-specified analyses should be conducted

(LoE: 2b).

In recent years, a growing number of RCTs on SSc allowed in their design background

treatments considered standard of care, such as therapy with mycophenolate mofetil
(MMF). The group agreed that this is a pragmatic, feasible, and ethically favorable
design. In addition, there is evidence that subgroups with and without background
treatment respond differentially to study drugs. For example, in the SENCSIS trial,
which evaluated the efficacy of nintedanib in patients with interstitial lung disease (SSc-
ILD), the background use of MMF or MTX was pre-defined as subgroups for statistical
analysis [166]. The treatment response in the nintedanib and placebo groups showed
heterogeneity based on background MMF use for some of the lung outcomes. The
treatment difference was more prominent in MMF- patients than in MMF+ patients, as
measured by achieving forced vital capacity improvement (FVC increase = 3%
predicted) at week 52. The odds ratio of treatment vs. placebo was 1.01 (95% CI 0.57
to 1.81) in the MMF+ group and 3.17 (1.63 to 6.16) in the MMF-group, subgroup
heterogeneity P=0.011 [167]. At 100 weeks, the annual rate of decline in FVC (ml/year)
differed numerically between MMF- and MMF+ patients with a treatment difference of
5.4 mL/year [95% CI —37.9 to 48.8] in MMF+ and 61.3mL/year [18.6 to 104.0] in MMF-
patients, heterogeneity P=0.072 [168]. In addition, there were numerical differences in
the primary outcome of annual FVC decline after 52 weeks between MMF- and MMF+

patients treated with nintedanib [167]. Similarly, a post-hoc stratification for previous
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cyclophosphamide (CYC) therapy has been performed in RCTs on autologous
hematopoietic stem cell transplant (aHSCT) [169]. The treatment difference between
aHSCT vs. control (CYC) was significant in CYC naive patients but not significant in CYC
pre-exposed patients, in terms of global rank composite score and event-free survival
(survival without respiratory, renal, or cardiac failure) at 54 months. In other studies,
such as the romilkimab trial for diffuse cutaneous SSc (dcSSc), the treatment effects
for the primary endpoint mRSS were higher in patients taking background
immunosuppressants, but there was no difference to placebo whether or not patients
were taking background immunosuppressants [170]. Therefore, one should not assume
that background therapy is always leading to different responses for any study drug,
and this interaction needs to be analyzed in each individual scenario. Building on these
notions, the group convened that background therapy should be included as
stratification criteria and statistical analysis for treatment heterogeneity based on

background therapy should be pre-specified.

6.2 We recommend that the severity of organ involvement (lung and skin) should be

considered for stratification and pre-specified analyses in RCTs (LoE: 2b).

Disease severity may lead to different treatment responses, as seen in RCTs assessing
the efficacy of romilkimab, riociguat, and CYC. In the romilkimab phase II trial for
dcSSc, a statistically significant difference between treatment and placebo was
observed in a pre-specified subgroup of patients with more severely affected skin at
baseline (mMRSS =15) [170]. Similarly, in the RISE-SSc trial, although treatment with
riociguat did not show a significant change of mRSS at 52 weeks, a pre-specified
subgroup analysis of patients with a higher baseline mRSS score between 17 and 22
reached numerically statistical significance for change in mRSS compared to baseline
mRSS 10 to 16 [171]. In the same study, the severity of lung function impairment
predicted a better response: in patients with baseline FVC 50-75% predicted compared
to FVC over 75%, the mRSS change at 52 months was in favor of riociguat versus
placebo with a nominal p-value <0.05. In the Scleroderma Lung Study 1 (SLS1)
assessing the efficacy of CYC compared to placebo in SSc-ILD patients, a post hoc
analysis showed that patients with baseline FVC < 70% predicted had a significantly
greater absolute difference in adjusted 12-month FVC% predicted treated with CYC
compared to placebo (4.62% higher FVC % predicted in the CYC group; P=0.007) [172].
Accordingly, baseline lung fibrosis assessed through a chest high-resolution CT (HRCT)

scoring, the FIBmax score, significantly correlated with the placebo-adjusted change in
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FVC% predicted at 18 months (mean correlation coefficient 4.94, P=0.01). In the
subgroup of patients with higher FIBmax score of 23 (=50% involvement of any lung
region, by reticular changes as assessed with HRCT), the CYC effect was much greater,
resulting in an 8.96% difference in the % predicted FVC between CYC and placebo
[173].

6.3 We recommend molecular profiling of bio-samples and explorative analyses for

treatment response (LoE: 3).

Several biomarkers have shown discriminating effects in SSc RCTs, although most were
not statistically significant or tested for heterogeneity regarding treatment responses.
Nevertheless, high-throughput approaches are expected to provide more insightful
efficacy strata than selected biomarker studies. Inflammatory markers are a promising
group for this purpose. In the tocilizumab phase 3 trial for inflammatory early dcSSc
(the focuSSced trial), the difference between tocilizumab and placebo was significant in
the secondary outcome of time to treatment failure (hazard ratio [HR] 0.58, 95% CI
0.34-0.98). However, this significance disappeared after adjusting for baseline serum
IL-6 (HR 0.63, 95% CI 0.37-1.06) [174], indirectly implying an effect of baseline serum
IL-6 baseline levels on treatment outcome. In the post hoc analysis of the SLS2 study,
which compared CYC and MMF head-to-head in SSc-ILD, high CRP levels or high levels
of serum interferon-inducible proteins significantly predicted better response to both
CYC and MMF in FVC decline at month 12 and month 24 compared to lower levels [175].
Beyond inflammatory markers, the autoantibody profile is a candidate biomarker for
efficacy stratification. For instance, in the RISE-SSc trial of riociguat for early dcSSc,
patients with positive anti-RNA polymerase III antibodies (ARA) had a numerically
better treatment difference between riociguat and placebo in terms of 52-week mRSS
(difference in the least squares mean between riociguat and placebo was -10.5391 in
ARA+ patients and 0.3005 in ARA- patients) [171].

7.0 Adult-onset Still’s disease
7.1 The efficacy of bDMARDs has been suggested on both systemic and joint features

of AOSD without life-threatening organ _manifestations even in long standing disease.

Study design of available RCTs on AOSD did not allow to demonstrate a significant effect
of biologic DMARDs (LoE: 2b)
The treatment of AOSD is complex and varies from GCs to cs- and bDMARDs of different

modes of action [176,177]. In severe or refractory AOSD patients, multiple pieces of
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evidence have increasingly suggested the usefulness of bDMARDs [178-180]. In this
context, some RCTs investigated the efficacy of bDMARDs in treating AOSD; TNF, anti-
interleukin-1 (IL-1) and (IL-6) inhibitors were assessed [181-184]. Furthermore, the
administration of recombinant IL-18 binding protein was also evaluated in this context
[185].

Firstly, in a non-randomized trial, a partial efficacy of etanercept was reported in the
treatment of AOSD patients with active arthritis. This 6-month study included patients
with active arthritis who were non-responders to at least one csDMARD. The main
results showed the partial benefit of etanercept in treating active arthritis and in
controlling systemic features [181]. Additionally, another observational study identified
a quite low maintenance rate of TNFi in general in AOSD [186]. Subsequently, many
clinical studies evaluated the efficacy, GC-sparing effect, and safety of IL-1 inhibitors,
both anakinra and canakinumab [187-189]. Concerning RCTs of these drugs, two
studies are available. The efficacy of anakinra was partially shown in the treatment of
AOSD patients characterized by joint involvement and systemic features than those
randomized to csDMARDs. Although not significant, a larger percentage of patients
receiving anakinra reached disease remission and reduced the concomitant GCs after 6
months [182]. More recently, a randomized controlled trial assessed the efficacy of
canakinumab in AOSD patients with active joint involvement. The main results
demonstrated a more pronounced 12 week-reduction of both DAS28 and CRP levels in
patients randomized to canakinumab than those receiving placebo, although not
significant [183]. However, it must be pointed out that these RCTs were prematurely
discontinued, due to enrollment issues, thus impairing the analyses on the primary
endpoints.

Among the pro-inflammatory mediators involved in AOSD pathogenesis, IL-18 is
considered a relevant mechanistic contributor [190-192]. In this context, in a phase 2
RCT, the safety and preliminary efficacy of tadekinig alfa, a recombinant human IL-18
binding protein, was assessed. The study enrolled AOSD patients with fever or increased
CRP levels, refractory to previous csDMARDs or GCs. Tadekinig alfa showed a good
safety profile and a potential efficacy on both joint involvement and systemic features
[185]. These findings were maintained in long-term [193].

In addition, the clinical usefulness of IL-6 inhibition is also reported in treating AOSD
[194]. A RCT investigated the efficacy of tocilizumab in active AOSD patients, who were
inadequate responders to GCs for at least 2 weeks considering joint involvement and

systemic features. The main results showed the efficacy of tocilizumab compared to the
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placebo group in both these manifestations, although the primary endpoint was not met
probably due to the underpowered analysis [184].

All things considered, although available RCTs suggested the potential efficacy in
treating AOSD patients, there are several limitations to be taken into account. Although
the efficacy may be suggested on both systemic and joint features, AOSD patients
without life-threatening organ manifestations and in long standing disease were mainly
assessed. The strict enrollment criteria of these RCTs could not be fully representative
of the disease clinical picture of AOSD patients. Furthermore, the available RCTs defined
the clinical response by using different criteria, developing own “home-made” criteria,
thus reducing the possibility to compare the main results. Therefore, these limitations
contribute to make more difficult the determination of the optimal timing for treatment
initiation and the potential benefits of early intervention, as observed in the juvenile
disease counterpart [195,196]. In addition, although AOSD is a rare disease, another
limitation of the available RCTs is the small sample size, resulting in limited statistical
power and limiting the efficacy analysis. Finally, the lack of head-to-head comparisons
among different bDMARDs may reduce the possibility of determining which drugs should

be prioritized in the management of these patients.

7.2 Future RCTs should stratify patients with active systemic disease (e.q., with fever)

or active arthritis without fever. Future RCTs should include patients with active disease

shortly (less than 1 month) after the flare onset. Study endpoints should combine low

disease activity based on validated disease activity score (including fever for systemic

disease) and significant reduction or discontinuation of concomitant glucocorticoids

(LoE: 5).

AOSD patients are characterized by highly heterogeneous clinical manifestations in

challenging the diagnosis and, consequently, the management of the disease [197].
In this context, although different clinical subsets of AOSD could be proposed [198,199]
characterized by distinct clinical manifestations, further investigations are required to
fully elucidate these topics [200,201]. Moreover, the potential presence of distinct
clinical endotypes of AOSD may suggest the existence of different pathogenetic
mechanisms, response to therapies, and long-term outcomes [198-201]. Thus, to
implement the patient stratification in RCTs for AOSD, a better definition of clinical
subsets is needed, to better identify patients with prominent systemic features than

those with a main joint disease, in the absence of fever. This distinction may lead to
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more tailored management of these patients, also identifying potential predictors of
treatment response in optimizing the long-term outcome.

In addition, there is no standardized clinical tool for accurately measuring the disease
activity of AOSD patients and to define the remission. In the available RCTs, completely
different definitions of clinical response are specifically developed and used limiting the
comparison of the results and their generalization. These issues might further decrease
the reproducibility and validity of derived findings about drug efficacy, reducing the
possibility of obtaining robust data. Therefore, the choice of a validated disease activity
score is of crucial importance in improving the management of AOSD patients.
Specifically, the development of a validated disease activity score, including fever and
other inflammatory signs and symptoms could help to accurately assess the disease
burden and response to treatment. In fact, the findings from RCTs may be in contrast
with the strong scientific rationale, which is behind these studies, of inhibiting such
cytokines in AOSD and the effectiveness reported in “real-life” settings [202,203]. In
addition, a combination of the disease activity assessment with the reduction or
discontinuation of concomitant GCs, may provide another clinically relevant feature to
be considered about the efficacy of the drugs. Finally, in RCTs conducted so far, a large
majority of patients with a long-standing Still's disease were enrolled, with a minor
proportion of newly diagnosed participants. In fact, although burdened by significant
relevant long term side effects, GCs have a clear efficacy in a substantial percentage of
AOSD patients [204], which may lead to their exclusion from clinical studies. Thus, in
future RCTs, it could be of interest to enroll patients with active disease shortly (possibly

less than 1 month) after the flare onset.

7.3 Specific RCTs are needed for some AOSD life-threatening complications:

MAS pathogenic studies identified additional targets potentially interesting to inhibit

(e.qg., IL-18 and IFN-v); Lung involvement deserves more investigations to clarify the
different pathogenic subtypes (e.qg., ILD, PAP) in order to conduct RCTs (LoE: 5).

AOSD is a severe disease with a possible fatal evolution due to the occurrence of some

life-threatening complications [205]. Among these, macrophage activation syndrome
(MAS) and lung involvement appear to represent the most common conditions
associated with a poor prognosis in these patients [206-209].

MAS is codified as a secondary form of hemophagocytic lymphohistiocytosis (HLH); it is
characterized by continuous high fever, adenopathies, and hepatosplenomegaly, in

association with peripheral blood cytopenias, intravascular coagulation, and a marked
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hyperferritinemia [210,211]. The hemophagocytosis, macrophages engulfed with signs
of active phagocytosis toward other haematopoietic cells, is considered the histological
disease hallmark, usually observed in bone marrow and in reticuloendothelial organs
[212,213]. MAS has been reported in up to 15% of AOSD patients and it is burdened
by high mortality rate (between 10 and 41%) due to a multiorgan failure [214,215].
Underlying disease flare, infections, and administered drugs may possibly trigger MAS
occurrence in these patients [210]. Concerning MAS management, supportive
measures, possible elimination of trigger, and immunosuppressive therapies are needed
[211]. In this context, an early recognition of MAS is essential for a timely
administration of an appropriate treatment. High dosages of GCs are the first-line
therapy, generally in association with cyclosporin A and/or IV immunoglobulins
[216,217]. In more severe and/or non-responder patients, IL-1-inhibitors, mainly
anakinra (also at higher dosages than those usually administered in non-complicated
patients), may be considered [210,211]. Recently, in patients with severe active disease
despite this therapeutic strategy, etoposide has shown to have some efficacy [218,219].
In addition, the administration of emapalumab, a monoclonal antibody against IFN-y,
has been recently proposed in primary HLH and MAS secondary to SJIA, with a good
preliminary response in terms of remission and survival [220,221]. Finally, in extreme
non-responder cases, allogeneic hematopoietic stem cell transplantation could be
considered in MAS, based on the evidence that this therapeutic procedure has
dramatically improved the outcomes in primary HLH patients [222].

Taking together these observations, specific designed RCTs are needed to improve the
management of MAS, considering its difficult rapidly evolving clinical scenario and high
mortality rate in AOSD patients.

Among possible life-threatening complications in AOSD, lung involvement has been
increasingly detected in this context based on the evidence of the juvenile disease
counterpart. Despite a subtle/mild clinical picture at the beginning, the prognosis of this
complication is poor [223,224].

In the first description, the authors reported that parenchymal lung disease was related
to unusual clinical features of systemic idiopathic juvenile arthritis (SJIA), including
acute erythematous clubbing, atypical skin rash, a high frequency of anaphylactic
reactions to tocilizumab, eosinophilia ferritin elevation, and significant lymphopenia.
Concerning the CT imaging, septal thickening, involving the periphery of multiple lobes
with or without ground-glass opacities was the most common recorded finding.

Interestingly, pulmonary alveolar proteinosis and/or endogenous lipoid pneumonia were
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recorded, as pathological findings, in association with atypical features including
regional involvement and concomitant vascular changes [223,224]. These findings were
similarly shown in another cohort of patients with SJIA [223,224]. On these bases, lung
involvement has been also investigated and reported in adult patients, paralleling what
already observed in previous studies in the juvenile counterpart [207,208]. A
heterogenous spectrum of clinical and radiological manifestations has been reported so
far [207-209,225]. In fact, interstitial lung disease (ILD), pulmonary alveolar
proteinosis (PAP), and acute respiratory distress syndrome have been variously
reported during AOSD. Different CT scan findings were reported in AOSD patients, which
appeared to be not mutually exclusive in the same patient, thus furtherly complicating
the assessment of this manifestation [207-209,225]. As observed in pediatric patients,
lung involvement was associated with a poor prognosis in AOSD, suggesting a careful
evaluation of this feature which was frequently related with MAS occurrence [207,208].
Finally, data on specific targeted therapeutic strategies are presently lacking about the
management of these patients. In particular, the emergence of lung involvement in
AOSD has coincided with the introduction of inhibitors of IL-1 and IL-6, suggesting a
potential contribution of drug exposure. In this context, two possible pathogenic
explanations have been recently proposed, namely DRESS hypothesis and or cytokine
plasticity hypothesis, in deregulating the immune response toward the occurrence of
this life-threatening evolution [226]. Therefore, during AOSD, lung involvement is
emerging as an additional feature of concern, which requires further investigations to
better clarify different pathogenic subtypes (e.g., ILD, PAP), diverse clinical features,

and therapies of this complication in adult patients.

7.8 Several biomarkers have been proposed for AOSD diagnosis and disease activity

assessment (ferritin, IL-18, IFN-y, S100 proteins). Available data (reliability issues,

threshold inconsistencies) do not support their use in RCTs for patient stratification so

far (LoE: 5).

Several biomarkers are still under investigation in AOSD, in confirming the diagnosis,

predicting complications, and recommending specific therapies, although outnumbering
the validation studies. Thus, mechanistic, clinical, and therapeutic biomarkers have
been increasingly proposed in this context [190,227]. Multiple lines of evidence have
suggested the assessment of ferritin, IL-18, IFN-y and its induced-chemokines (mainly
CXCL9, CXCL10), and S100 proteins in better characterizing AOSD patients.
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In regard to the diagnosis, ferritin is undoubtedly the most studied biomarker in AOSD
[228-233]. A typical 5-fold increase of ferritin levels results to be suggestive for the
diagnosis of this disease [234,235]. Several studies confirmed the assessment of ferritin
as diagnostic feature in AOSD, although different cut-offs were identified in evaluated
cohorts [228-233].

More recently, the importance of IL-18 assessment has been also proposed in AOSD
diagnosis [236-240]. Particularly, IL-18 was reported to be specifically increased in
AOSD patients, both active and inactive, when compared with patients with other
inflammatory diseases [236-240]. In addition, the assessment of both ferritin and IL-
18 was also proposed in assessing the disease activity of AOSD patients. In fact, ferritin
and IL-18 may be elevated during flares whereas may be reduced in remission
paralleling with disease activity [241-245].

Furthermore, the role of S100 proteins has raised some interest in AOSD diagnosis
[246,247]. An accurate discriminative ability of these proteins, mainly S100A12,
S100A8/9, could be suggested in distinguishing AOSD patients than healthy controls
[248-250].

The evaluation of nhew biomarkers has been increasingly proposed in improving a timely
detection of the occurrence of MAS. In this context, the role of ferritin and IL-18 was
evaluated [251-255]. Marked increases of these molecules were reported during MAS
when compared with inactive patients [251-255]. However, to date, even in this case,
there is no unique validated single threshold to clearly identify the occurrence of this
complication.

In addition, based on the crucial pathogenic role of IFN-y and its pathway in MAS
development, some related molecules were assessed as possible biomarkers of this life-
threatening complication [256-260]. Interestingly, higher IFN-y levels were detected in
patients with MAS than those without this complication [257,260]. Furthermore, high
levels of IFN-y-induced chemokines were shown in MAS patients in respect to active
patients without this complication or those in remission [256].

Finally, concerning the role of biomarkers in the context of therapy response, at present
conflicting data are available in AOSD patients. In fact, there is not a specific validation
about their use in predicting response to treatment or in evaluating the drug efficacy,
limiting a possible application in clinical practice [190,227].

All things considered, although these biomarkers could have a various clinical utility in
AOSD, additional specific designed and powered studies are needed to fully clarify their

role in managing these patients due to reliability issues and threshold inconsistencies.
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8.0 Spondylarthritis
8.1 In PsA, nor upadacitinib neither tofacitinib has consistently shown higher efficacy

when used in bDMARD-naive patients compared to bDMARD-experienced ones (LoE:

2b).

The efficacy of Tofacitinib in Psoriatic Arthritis (PsA) was evaluated in two randomized,
placebo-controlled, double-blind phase 3 trials: OPAL BROADEN and OPAL BEYOND.
The first evaluated the activity of Tofacitinib in patients with active PsA who had

previously had an inadequate response to at least one csDMARDs, while the second
investigated the efficacy of the drug in patients with active PsA who had had an
inadequate response to at least one TNFi [261,262]. As demonstrated in the OPAL
BROADEN, ACR20 response rates at month 3 were 50% in the 5-mg tofacitinib group
and 61% in the 10-mg tofacitinib group, as compared with 33% in the placebo group
and 52% in the adalimumab group (active control) (P=0.01 for the comparison of the
5-mg dose with placebo; P<0.001 for the comparison of the 10-mg dose with placebo).
The same trend was confirmed by the ACR50 response rates (at month 3), which were
significantly higher in each tofacitinib group (28% in the 5-mg tofacitinib group and
40% in the 10-mg tofacitinib group) than in the placebo group (10%; P<0.001 for both
comparisons), as were the rates of ACR70 response (17% in the 5-mg tofacitinib group
and 14% in the 10-mg tofacitinib group, vs. 5% in the placebo group; P = 0.004 for
the comparison of the 5-mg dose with placebo; P = 0.02 for the comparison of the 10-
mg dose with placebo) [261]. Taking into consideration the efficacy of tofacitinib in
bDMARD-naive patients, it was further investigated whether the same response could
be achieved for bio-experienced ones. As shown by the OPAL BEYOND, ACR20 response
were 50% with the 5-mg dose of tofacitinib and 47% with the 10-mg dose of tofacitinib,
as compared with 24% with placebo (P<0.001 for both comparisons); ACR50 response
were 30% with the 5-mg dose of tofacitinib and 28% with the dose of 10-mg of
tofacitinib, comparing with the 15% reached in the placebo group (P=0.003 and
P=0.007, respectively) [262]. Taking all of these into account, tofacitinib, at the dose
of 5 mg, does not have a consistently superiority when used in bDMARD-naive patients
compared to bio-experienced one.

The efficacy of upadacitinib in treating PsA was evaluated in two randomized, placebo-
controlled, double-blind phase 3 trials: SELECT-PsA 1 and SELECT-PsA 2. The first
evaluated the activity of upadacitinib in patients with active psoriatic arthritis who had

previously had an inadequate response to at least one csDMARD, while the second
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investigated the efficacy of the drug in patients with active PsA who had had an
inadequate response or intolerance to at least one TNFi [263-265]. The SELECT-PsA 1
demonstrated that, at week 12, improvement in ACR20 was achieved with both
upadacitinib 15mg and 30mg doses versus placebo (70.6%, 78.5%, 36.2%
respectively; p<0.001 for both upadacitinib arms vs placebo) compared to adalimumab
(65.0%) At week 24, ACR20 response was achieved by the 73.4% in the upadacitinib
15mg group compared to placebo 45.2% and adalimumab 67.1% (p<0.001) [263].
Moreover, improvements in ACR50 were observed with both upadacitinib 15 mg and
30mg doses versus placebo at week 12 (37.5%, 51.8% and 13.2% respectively,
p<0.001 for both upadacitinib arms vs placebo) compared to adalimumab (37.5%), and
at week 24 (52.4%, 60.5% and 18.9% respectively, p<0.001 for both upadacitinib arms
vs placebo) compared to adalimumab (44.3%). The ACR70 was achieved at week 12
by the 15.6% in the upadacitinib 15mg group and the 25.3% in the upadacitinib 30mg
group vs placebo 2.4%, p<0.001 for both upadacitinib arms vs placebo), compared to
adalimumab (13.8%). The similar trend was observed also at week 24 (28.7%, 36.4%
and 5.2% respectively, p<0.001 for both upadacitinib arms vs placebo) compared to
adalimumab (22.6%). No significant differences were noted in the comparison of the
15-mg dose of upadacitinib with adalimumab for the ACR50 or ACR70 response at 12
weeks [263,264]. As shown by the SELECT-PsA 2, at week 12, significantly more
patients achieved an ACR20 response in the upadacitinib 15 mg and 30 mg arms versus
the placebo arm (56.9%, 63.8% and 24.1%, respectively; p<0.001 for both
upadacitinib arms vs placebo). Response rates for upadacitinib 15 mg and upadacitinib
30 mg were 44.9% and 64.8% in the subgroup of patients who had failed >1 biologic
DMARD and 55.8% and 66.7% in the subgroup of patients that were on monotherapy;
these responses were similar to results in the overall population. Additionally,
improvements in ACR50 and ACR70 were observed with both upadacitinib 15 mg and
30mg doses versus placebo at week 12 (31.8%, 37.6% and 4.7% respectively for the
ACR50; 8.5%, 16.5% and 0.5% respectively for the ACR70) [265]. At week 24, ACR20
response was achieved by the 59.2% in the upadacitinib 15 mg group and 61.5% in the
upadacitinib 30mg group compared to placebo 20.3% (p<0.001 for both upadacitinib
arms vs placebo). Moreover, improvements in ACR50 and ACR70 were observed with
both upadacitinib 15 mg and 30mg doses versus placebo at week 24 (36.2%, 38.4%
and 9.4% respectively for the ACR50; 19.4%, 23.9 % and 0.9% respectively for the
ACR70) [265].
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8.2 In patients with Axial Spondylarthritis, the factors associated with better clinical

response for both upadacitinib and tofacitinib are bDMARD-naive status, high levels of

CRP, and positive MRI for sacroiliac or spine oedema (LoE: 1b).

The efficacy of Tofacitinib in patients with Ankylosing Spondylitis (AS) was evaluated
with a phase II and a phase III study. The phase III study demonstrated that, when
stratified by bDMARD treatment history, ASAS20/ASAS40 response rates at week 16
remained numerically greater with tofacitinib versus placebo, and in both treatment
groups response rates were numerically greater in patients who were bDMARD-naive
versus those with TNFi-IR or prior bDMARD use without IR [266]. The phase II study
was a 16-week (12-week treatment, 4-week washout), multicentre, dose-ranging trial,
which enrolled patients with active AS, aged =18 years, who fulfilled the modified New
York (mNY) criteria for AS, confirmed by centralized reading of sacroiliac radiographs.
Post hoc subanalyses were performed to identify whether baseline CRP or MRI status
could affect the efficacy of the drug [267]. Subanalyses of this phase II study
demonstrated that patients with high (=0.287 mg/dL) baseline CRP had a larger
treatment effect with all doses of tofacitinib versus placebo than those with low (<0.287
mg/dL) baseline CRP, significant for tofacitinib 5mg twice daily (ASAS20 78.6 % vs
37.8% tofacitinib 5 mg twice daily vs placebo (p<0.001); ASAS40 47.6% vs 16.2%
(p<0.001)). Moreover, for patients with positive baseline MRI (SPARCC SI joint cut-off
>2 at baseline), greater treatment effect was observed with all doses of tofacitinib
versus placebo; significant for tofacitinib 5 mg twice daily (ASAS20 87.5% vs 40.0%
tofacitinib 5 mg twice daily vs placebo (p<0.001); ASAS40 48.4% vs 20.0% (p<0.01))
[267].

The efficacy of upadacitinib in non-radiographic axial spondylarthritis was evaluated
with a phase III, multicentre, randomized, double-blind, placebo-controlled study
(SELECT-AXIS?2). Eligible adults had active non-radiographic axial spondylarthritis, with
objective signs of inflammation based on MRI or elevated CRP and an inadequate
response to non- steroidal anti-inflammatory drugs. Patients were randomly assigned
(1:1) to receive oral upadacitinib 15 mg once daily or placebo using interactive response
technology. Random treatment assignment was stratified by MRI inflammation in the
sacroiliac joints and screening high-sensitivity CRP status (MRI-positive and C-reactive
protein-positive, MRI-positive and C-reactive protein-negative, and MRI-negative and
C-reactive protein-positive) and previous exposure to bDMARDs (yes vs no) [268]. This
study demonstrated that, when stratified by bDMARD treatment history, ASAS40

response rates at week 14 remained numerically greater with upadacitinib versus
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placebo, and in both treatment groups response rates were numerically greater in
patients who were bDMARD-naive versus those with TNFi-IR or prior bDMARD use
without IR (ASAS40 51% with upadacitinib at 15mg QD vs 22% in the placebo group
compared to ASAS40 33% with upadacitinib at 15mg QD vs 24% in the placebo group).
Moreover, subgroup analysis of ASA40 response at week 14 by MRI sacroiliitis and
screening CRP status demonstrated that upadacitinib-treated patients in the high
CRP/MRI positive subgroup had greater treatment effect at week 14 versus placebo
compared with those who had neither (High CRP/MRI+ group ASAS40 58% with
upadacitinib at 15mg QD compared to placebo 14%) [268].

8.3 In Axial Spondylarthritis, the combination of both high levels of CRP and positive

MRI for sacroiliac or spine oedema seems to be associated with better response to

upadacitinib and tofacitinib than these two factors independently (LoE: 2b).
Analysis of treatment effect (ASAS20 and ASAS40) by composite baseline CRP/MRI

status in the phase II trial of Tofacitinib and in the phase III trial of upadacitinib,
demonstrated that patients in the high CRP/MRI-positive subgroup had greater
treatment effect at week 12 (for tofacitinib) and at week 14 (for upadacitinib) versus
placebo compared with those with these two factors independently or who had neither
[266-268].

8.4 In PsA and Axial Spondylarthritis, BMI does not seem to affect the efficacy of both
Upadacitinib and Tofacitinib (LoE: 2b).

Obesity has been associated with more severe disease activity, inferior quality of life

and higher burden of hospitalization in patients with Psoriasis and PsA. It is known that
a higher body mass index (BMI) is a risk factor not only for the development of PsA,
but it is related to higher disease activity and poorer response to therapy including
bDMARDs and, in particular, TNFi [269-271]. In fact, population pharmacokinetic
studies of different TNFi have consistently shown that high body weight is associated
with accelerated clearance, resulting in lower trough concentrations [269,272].
Additionally, obesity, particularly visceral fat, independently contributes to higher
systemic inflammatory state [269,273]. Despite this trend observed with TNFi, the
therapeutic efficacy of upadacitinib and tofacitinib is not affected by the BMI, as
demonstrated by the SELECT-PsA1 for upadacitinib (stratifying for BMI <25 or BMI>25
the Response Rate was similar for both groups) and by the OPAL BROADEN and OPAL
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BEYOND, in which tofacitinib demonstrated greater efficacy than placebo in patients
with PsA, regardless of baseline BMI [261-263].

8.5 In Psoriatic Arthritis, differently from adalimumab, upadacitinib seems to show a

comparable efficacy in both women and men (LoE: 2b).

Several studies suggest that being female is associated with a lower rate of success in
obtaining response status in PsA patients treated with TNFis. In fact, female sex was
identified as a predictor of drug discontinuation and may constitute a predisposing risk
factor for flare and therapeutic switches [274-275]. Despite these results with TNFi, the
efficacy of upadacitinib in PsA was comparable in both women and men [263,264].

8.6 In Psoriatic Arthritis and Axial Spondylarthritis, available data on filgotinib and

deucravacitinib do not support, at present, a patients’ stratification with regard to

therapeutic response (LoE: 3).

The therapeutic efficacy of filgotinib and deucravacitinib in PsA and spondylarthritis is,
at present, a matter of debate. Two phase II clinical trials were performed for filgotinib,
the EQUATOR for PsA and the TORTUGA for Ankylosing Spondylitis, and one phase II
RCT for deucravacitinib in PsA, with promising outcomes [276,277]. The lack of other
studies does not allow, at present, a patients’ stratification in relation to therapeutic
response [278,279].

9.0 Discussion

Inflammatory rheumatic diseases are heterogeneous conditions related to an aberrant
immune response along a pathogenic spectrum in which two-end phenotypes,
autoinflammatory and autoimmune, may be recognized [1-3]. As reported in Table 1,
we provided an overview of the importance of patient stratification during these
diseases in regard to therapies in improving their management; where available, we
mainly focused on RCTs.

As per other contexts also in inflammatory rheumatic diseases, RCTs are considered
instrumental in building the evidence-based medicine to treat these patients, randomly
assigning alternative therapeutic interventions in populations enrolled according to
specific inclusion/exclusion criteria. The main results of RCTs are usually the estimates
of the average treatment effect on the study participants [280-282]. Although these
estimates are of importance in delineating the clinical usability of a treatment, some

treated patients may experience more or less benefit than the retrieved average
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[280,281]. This is highlighted in the context of RCTs but also in “real-life” studies where
the clinical heterogeneity could be also increased [283]. The resulting possible variation
in retrieved effects is defined as heterogeneity of treatment effects [284,285]. The latter
may be quantitative, in case of subgroup effects in the same direction as the average
effect but varying in magnitude, or qualitative, when treatment effects are in different
directions in different subgroups since the treatment may be beneficial in some
subgroups whereas harmful in others [280-285]. This heterogeneity of treatment
effects may be substantial and should be carefully addressed in the contextualization
and generalization of RCTs and “real-life” study assessing the efficacy of therapies [286-
288]. The most direct approach to account this issue could be the organization of “n-
of-1” trials, which assign individual patients to receive alternative therapeutic
interventions in a randomly predetermined sequence [289,290]. However, these are
applicable to a relatively small subset of conditions and therapies since they are subject
to random within-patient variability [291]. Another possibility to limit this heterogeneity
may be the stratification of patients according to risk of disease-related adverse events.
In addition, for hypothesis generating purposes, a careful examination of heterogeneity
within RCTs may be performed by subgroup analyses [292,293]. The main limitation of
this approach is that the real effects may be not fully evaluated due to the inadequate
statistical power, and reported effects may be spurious because of the performance of
multiple statistical tests and/or due to random intra-individual variability [294,295].
Taking together these observations, the importance of a better stratification and
characterization of patients, in both RCTs and “real-life” studies, in regard to therapies
is increasingly needed to improve their management and long-term outcomes [296-
299]. However, it not always possible to fully overcome these issues in the assessment
of treatment effects suggesting the importance of systematic synthesis of literature and
Experts’ consensus. The latter may be considered as a “condensed” overview of clinical
issues supported by relevant literature, drawing upon the collective expertise and
providing a pathway for clinical management [300,301]. In fact, consensus statements
are developed to provide guidance when information is evolving and standards of care
are not clear yet. They may be described as “a snapshot in time”, developed during a
period of change marked by gaps in clinical information [301,302]. These methods of
consensus may thus provide the basis for decision-making and considered interventions
when there is no specific evidence or when there are doubts about the applicability of
evidence generated from different populations enrolled in RCTs but also evaluated in
“real-life” settings [300-303].
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In conclusion, in this work, we provided an overview of the importance of a better
stratification and characterization of the clinical heterogeneity of patients with
inflammatory rheumatic diseases identifying this point as crucial in improving the
treatment of these patients. These observations may indeed provide the basis for
further clinical studies on patient disease subsets to increase the rate of achievement

of clinical remission by a more tailored management.

10.0 References

1. Hedrich CM. Shaping the spectrum - From autoinflammation to autoimmunity. Clin
Immunol. 2016 Apr;165:21-8. doi: 10.1016/j.clim.2016.03.002. Epub 2016 Mar 3.
PMID: 26948930.

2. McGonagle D, McDermott MF. A proposed classification of the immunological
diseases. PLoS Med. 2006 Aug;3(8):e297. doi: 10.1371/journal.pmed.0030297. PMID:
16942393; PMCID: PMC1564298.

3. Szekanecz Z, McInnes IB, Schett G, Szamosi S, Benké S, Szlics G. Autoinflammation
and autoimmunity across rheumatic and musculoskeletal diseases. Nat Rev Rheumatol.
2021 Oct;17(10):585-595. doi: 10.1038/s41584-021-00652-9. Epub 2021 Aug 2.
PMID: 34341562.

4. Lee KH, Ahn BS, Cha D, Jang WW, Choi E, Park S, Park JH, Oh J, Jung DE, Park H,
Park JH, Suh Y, Jin D, Lee S, Jang YH, Yoon T, Park MK, Seong Y, Pyo ], Yang S, Kwon
Y, Jung H, Lim CK, Hong JB, Park Y, Choi E, Shin JI, Kronbichler A. Understanding the
immunopathogenesis of autoimmune diseases by animal studies using gene
modulation: A comprehensive review. Autoimmun Rev. 2020 Mar;19(3):102469. doi:
10.1016/j.autrev.2020.102469. Epub 2020 Jan 7. PMID: 31918027.

5. Sciascia S, Bizzaro N, Meroni PL, Dimitrios B, Borghi MO, Bossuyt X, Grossi C, Tornai
D, Papp M, Shoenfeld Y, Ielo D, Fritzler M]. Autoantibodies testing in autoimmunity:
Diagnostic, prognostic and classification value. Autoimmun Rev. 2023
Jul;22(7):103356. doi: 10.1016/j.autrev.2023.103356. Epub 2023 May 6. PMID:
37150488.

6. Yu X, Wax J, Riemekasten G, Petersen F. Functional autoantibodies: Definition,
mechanisms, origin and contributions to autoimmune and non-autoimmune disorders.
Autoimmun Rev. 2023 Sep;22(9):103386. doi: 10.1016/j.autrev.2023.103386. Epub
2023 Jun 21. PMID: 37352904.

7. Betrains A, Staels F, Schrijvers R, Meyts I, Humblet-Baron S, De Langhe E, Wouters
C, Blockmans D, Vanderschueren S. Systemic autoinflammatory disease in adults.
Autoimmun Rev. 2021 Apr;20(4):102774. doi: 10.1016/j.autrev.2021.102774. Epub
2021 Feb 17. PMID: 33609798.

8. Papa R, Gattorno M. New genes, pathways and therapeutic targets in
autoinflammatory diseases. Nat Rev Rheumatol. 2024 Feb;20(2):71-72. doi:
10.1038/s41584-023-01063-8. Erratum in: Nat Rev Rheumatol. 2024 Jan 8;: PMID:
38097849.

40



9. Shin JI, Lee KH, Joo YH, Lee JM, Jeon J, Jung HJ, Shin M, Cho S, Kim TH, Park S,
Jeon BY, Jeong H, Lee K, Kang K, Oh M, Lee H, Lee S, Kwon Y, Oh GH, Kronbichler A.
Inflammasomes and autoimmune and rheumatic diseases: A comprehensive review. ]
Autoimmun. 2019 Sep;103:102299. doi: 10.1016/j.jaut.2019.06.010. Epub 2019 Jul
17. PMID: 31326231.

10. Konen FF, Méhn N, Witte T, Schefzyk M, Wiestler M, Lovric S, Hufendiek K,
Schwenkenbecher P, Sihs KW, Friese MA, Klotz L, Pul R, Pawlitzki M, Hagin D,
Kleinschnitz C, Meuth SG, Skripuletz T. Treatment of autoimmunity: The impact of
disease-modifying therapies in multiple sclerosis and comorbid autoimmune disorders.
Autoimmun Rev. 2023 May;22(5):103312. doi: 10.1016/j.autrev.2023.103312. Epub
2023 Mar 15. PMID: 36924922.

11. Edwards CJ, Galeazzi M, Bellinvia S, Ringer A, Dimitroulas T, Kitas G. Can we wean
patients with inflammatory arthritis from biological therapies? Autoimmun Rev. 2019
Dec;18(12):102399. doi: 10.1016/j.autrev.2019.102399. Epub 2019 Oct 19. PMID:
31639516.

12. Wahren-Herlenius M, Ddérner T. Immunopathogenic mechanisms of systemic
autoimmune disease. Lancet. 2013 Aug 31;382(9894):819-31. doi: 10.1016/S0140-
6736(13)60954-X. PMID: 23993191.

13. Pollard KM, Kono DH. Requirements for innate immune pathways in environmentally
induced autoimmunity. BMC Med. 2013 Apr 4;11:100. doi: 10.1186/1741-7015-11-
100. PMID: 23557436; PMCID: PMC3616845.

14. Miner 1], Fitzgerald KA. A path towards personalized medicine for autoinflammatory
and related diseases. Nat Rev Rheumatol. 2023 Mar;19(3):182-189. doi:
10.1038/s41584-022-00904-2. Epub 2023 Feb 7. PMID: 36750685; PMCID:
PMC9904876.

15. Danieli MG, Brunetto S, Gammeri L, Palmeri D, Claudi I, Shoenfeld Y, Gangemi S.
Machine learning application in autoimmune diseases: State of art and future
prospectives. Autoimmun Rev. 2023 Dec 9;23(2):103496. doi:
10.1016/j.autrev.2023.103496. Epub ahead of print. PMID: 38081493.

16. McGonagle D, Ramonda R, Scagnellato L, Scriffignano S, Weddell ], Lubrano E. A
strategy towards disentangling treatment refractory from misdiagnosed axial
Spondyloarthritis. Autoimmun Rev. 2023 Aug 3:103405. doi:
10.1016/j.autrev.2023.103405. Epub ahead of print. PMID: 37543288.

17. Pitzalis C, Choy EHS, Buch MH. Transforming clinical trials in rheumatology: towards
patient-centric precision medicine. Nat Rev Rheumatol. 2020 Oct;16(10):590-599. doi:
10.1038/s41584-020-0491-4. Epub 2020 Sep 4. PMID: 32887976.

18. Lin CMA, Cooles FAH, Isaacs JD. Precision medicine: the precision gap in rheumatic
disease. Nat Rev Rheumatol. 2022 Dec;18(12):725-733. doi: 10.1038/s41584-022-
00845-w. Epub 2022 Oct 10. PMID: 36216923.

19. Giacomelli R, Afeltra A, Alunno A, Baldini C, Bartoloni-Bocci E, Berardicurti O,
Carubbi F, Cauli A, Cervera R, Ciccia F, Cipriani P, Conti F, De Vita S, Di Benedetto P,
Doria A, Drosos AA, Favalli EG, Gandolfo S, Gatto M, Grembiale RD, Liakouli V, Lories
R, Lubrano E, Lunardi C, Margiotta DPE, Massaro L, Meroni P, Minniti A, Navarini L,

41



Pendolino M, Perosa F, Pers JO, Prete M, Priori R, Puppo F, Quartuccio L, Ruffatti A,
Ruscitti P, Russo B, Sarzi-Puttini P, Shoenfeld Y, Somarakis GA, Spinelli FR, Tinazzi E,
Triolo G, Ursini F, Valentini G, Valesini G, Vettori S, Vitali C, Tzioufas AG. International
consensus: What else can we do to improve diagnosis and therapeutic strategies in
patients affected by autoimmune rheumatic diseases (rheumatoid arthritis,
spondyloarthritides, systemic sclerosis, systemic lupus erythematosus, antiphospholipid
syndrome and Sjogren's syndrome)?: The unmet needs and the clinical grey zone in
autoimmune disease management. Autoimmun Rev. 2017 Sep;16(9):911-924. doi:
10.1016/j.autrev.2017.07.012. Epub 2017 Jul 11. PMID: 28705780.

20. Giacomelli R, Afeltra A, Alunno A, Bartoloni-Bocci E, Berardicurti O, Bombardieri M,
Bortoluzzi A, Caporali R, Caso F, Cervera R, Chimenti MS, Cipriani P, Coloma E, Conti F,
D'Angelo S, De Vita S, Di Bartolomeo S, Distler O, Doria A, Feist E, Fisher BA, Gerosa
M, Gilio M, Guggino G, Liakouli V, Margiotta DPE, Meroni P, Moroncini G, Perosa F, Prete
M, Priori R, Rebuffi C, Ruscitti P, Scarpa R, Shoenfeld Y, Todoerti M, Ursini F, Valesini
G, Vettori S, Vitali C, Tzioufas AG. Guidelines for biomarkers in autoimmune rheumatic
diseases - evidence based analysis. Autoimmun Rev. 2019 Jan;18(1):93-106. doi:
10.1016/j.autrev.2018.08.003. Epub 2018 Nov 5. PMID: 30408582.

21. Giacomelli R, Afeltra A, Bartoloni E, Berardicurti O, Bombardieri M, Bortoluzzi A,
Carubbi F, Caso F, Cervera R, Ciccia F, Cipriani P, Coloma-Bazan E, Conti F, Costa L,
D'Angelo S, Distler O, Feist E, Foulquier N, Gabini M, Gerber V, Gerli R, Grembiale RD,
Guggino G, Hoxha A, Iagnocco A, Jordan S, Kahaleh B, Lauper K, Liakouli V, Lubrano
E, Margiotta D, Naty S, Navarini L, Perosa F, Perricone C, Perricone R, Prete M, Pers JO,
Pitzalis C, Priori R, Rivellese F, Ruffatti A, Ruscitti P, Scarpa R, Shoenfeld Y, Triolo G,
Tzioufas A. The growing role of precision medicine for the treatment of autoimmune
diseases; results of a systematic review of literature and Experts' Consensus.
Autoimmun Rev. 2021 Feb;20(2):102738. doi: 10.1016/j.autrev.2020.102738. Epub
2020 Dec 14. PMID: 33326854.

22. Smolen JS, Landewé RBM, Bergstra SA, Kerschbaumer A, Sepriano A, Aletaha D,
Caporali R, Edwards CJ, Hyrich KL, Pope JE, de Souza S, Stamm TA, Takeuchi T,
Verschueren P, Winthrop KL, Balsa A, Bathon JM, Buch MH, Burmester GR, Buttgereit
F, Cardiel MH, Chatzidionysiou K, Codreanu C, Cutolo M, den Broeder AA, El Aoufy K,
Finckh A, Fonseca JE, Gottenberg JE, Haavardsholm EA, Iagnocco A, Lauper K, Li Z,
Mclnnes IB, Mysler EF, Nash P, Poor G, Ristic GG, Rivellese F, Rubbert-Roth A, Schulze-
Koops H, Stoilov N, Strangfeld A, van der Helm-van Mil A, van Duuren E, Vliet Vlieland
TPM, Westhovens R, van der Heijde D. EULAR recommendations for the management
of rheumatoid arthritis with synthetic and biological disease-modifying antirheumatic
drugs: 2022 update. Ann Rheum Dis. 2023 Jan;82(1):3-18. doi: 10.1136/ard-2022-
223356. Epub 2022 Nov 10. Erratum in: Ann Rheum Dis. 2023 Mar;82(3):e76. PMID:
36357155.

23. Akdemir G, Heimans L, Bergstra SA, Goekoop RJ], van Oosterhout M, van
Groenendael JHLM, Peeters Al, Steup-Beekman GM, Lard LR, de Sonnaville PBJ], Grillet
BAM, Huizinga TWJ], Allaart CF. Clinical and radiological outcomes of 5-year drug-free
remission-steered treatment in patients with early arthritis: IMPROVED study. Ann
Rheum Dis. 2018 Jan;77(1):111-118. doi: 10.1136/annrheumdis-2017-211375. Epub
2017 Sep 28. PMID: 28970207.

24. Duong SQ, Crowson CS, Athreya A, Atkinson EJ, Davis JM 3rd, Warrington KJ,
Matteson EL, Weinshilboum R, Wang L, Myasoedova E. Clinical predictors of response
to methotrexate in patients with rheumatoid arthritis: a machine learning approach

42



using clinical trial data. Arthritis Res Ther. 2022 Jul 1;24(1):162. doi: 10.1186/s13075-
022-02851-5. PMID: 35778714; PMCID: PMC9248180.

25. de Moel EC, Derksen VFAM, Stoeken G, Trouw LA, Bang H, Goekoop RJ], Speyer I,
Huizinga TWJ, Allaart CF, Toes REM, van der Woude D. Baseline autoantibody profile in
rheumatoid arthritis is associated with early treatment response but not long-term
outcomes. Arthritis Res Ther. 2018 Feb 26;20(1):33. doi: 10.1186/s13075-018-1520-
4. PMID: 29482627; PMCID: PMC5828136.

26. Seegobin SD, Ma MH, Dahanayake C, Cope AP, Scott DL, Lewis CM, Scott IC. ACPA-
positive and ACPA-negative rheumatoid arthritis differ in their requirements for
combination DMARDs and corticosteroids: secondary analysis of a randomized
controlled trial. Arthritis Res Ther. 2014 Jan 16;16(1):R13. doi: 10.1186/ar4439. PMID:
24433430; PMCID: PMC3979097.

27. Ma MH, Scott IC, Dahanayake C, Cope AP, Scott DL. Clinical and serological
predictors of remission in rheumatoid arthritis are dependent on treatment regimen. ]
Rheumatol. 2014 Jul;41(7):1298-303. doi: 10.3899/jrheum.131401. PMID: 24931951.

28. Hetland ML, @stergaard M, Stengaard-Pedersen K, Junker P, Ejbjerg B, Jacobsen S,
Ellingsen T, Lindegaard H, Pgdenphant J, Vestergaard A, Jurik AG, Krogh NS, Hgrslev-
Petersen K; and The CIMESTRA Study Group*. Anti-cyclic citrullinated peptide
antibodies, 28-joint Disease Activity Score, and magnetic resonance imaging bone
oedema at baseline predict 11 years' functional and radiographic outcome in early
rheumatoid arthritis. Scand ] Rheumatol. 2019 Jan;48(1):1-8. doi:
10.1080/03009742.2018.1466362. Epub 2018 Aug 13. PMID: 30101636.

29. Levitsky A, Wick MC, Moéttonen T, Leirisalo-Repo M, Laasonen L, Korpela M, van
Vollenhoven RF, Rantalaiho V. Early treatment intensification induces favourable
radiographic outcomes according to predicted versus observed radiographic progression
in early rheumatoid arthritis: a subanalysis of the randomised FIN-RACo and NEO-RACo
trials. Clin Exp Rheumatol. 2016 Nov-Dec;34(6):1065-1071. Epub 2016 Aug 31. PMID:
27607411.

30. Isaacs JD, Cohen SB, Emery P, Tak PP, Wang J, Lei G, Williams S, Lal P, Read SJ.
Effect of baseline rheumatoid factor and anticitrullinated peptide antibody serotype on
rituximab clinical response: a meta-analysis. Ann Rheum Dis. 2013 Mar;72(3):329-36.
doi: 10.1136/annrheumdis-2011-201117. Epub 2012 Jun 11. PMID: 22689315.

31. Fleischmann R, Weinblatt M, Ahmad H, Maldonado MA, Alemao E, Ye ], Schiff M.
Efficacy of Abatacept and Adalimumab in Patients with Early Rheumatoid Arthritis With
Multiple Poor Prognostic Factors: Post Hoc Analysis of a Randomized Controlled Clinical
Trial (AMPLE). Rheumatol Ther. 2019 Dec;6(4):559-571. doi: 10.1007/s40744-019-
00174-7. Epub 2019 Oct 22. PMID: 31642045; PMCID: PMC6858431.

32. Sokolove J, Schiff M, Fleischmann R, Weinblatt ME, Connolly SE, Johnsen A, Zhu ],
Maldonado MA, Patel S, Robinson WH. Impact of baseline anti-cyclic citrullinated
peptide-2 antibody concentration on efficacy outcomes following treatment with
subcutaneous abatacept or adalimumab: 2-year results from the AMPLE trial. Ann
Rheum Dis. 2016 Apr;75(4):709-14. doi: 10.1136/annrheumdis-2015-207942. Epub
2015 Sep 10. PMID: 26359449; PMCID: PMC4819608.

43



33. Bird P, Hall S, Nash P, Connell CA, Kwok K, Witcombe D, Thirunavukkarasu K.
Treatment outcomes in patients with seropositive versus seronegative rheumatoid
arthritis in Phase III randomised clinical trials of tofacitinib. RMD Open. 2019 Feb
23;5(1):e000742. doi: 10.1136/rmdopen-2018-000742. PMID: 30886732; PMCID:
PMC6397430.

34. Smolen ]S, van Vollenhoven RF, Florentinus S, Chen S, Suboticki JL, Kavanaugh A.
Predictors of disease activity and structural progression after treatment with
adalimumab plus methotrexate or continued methotrexate monotherapy in patients
with early rheumatoid arthritis and suboptimal response to methotrexate. Ann Rheum
Dis. 2018 Nov;77(11):1566-1572. doi: 10.1136/annrheumdis-2018-213502. Epub
2018 Aug 3. PMID: 30076156; PMCID: PMC6225797.

35. @rnbjerg LM, @stergaard M, Jensen T, Hgrslev-Petersen K, Stengaard-Pedersen K,
Junker P, Ellingsen T, Ahlquist P, Lindegaard H, Linauskas A, Schlemmer A, Dam MY,
Hansen I, Lottenburger T, Ammitzbgll CG, Jgrgensen A, Krintel SB, Raun ], Hetland ML;
OPERA Study Group; Slot O, Nielsen LK, Skjgdt H, Majgaard O, Lorenzen T, Horn HC,
Kowalski M, Johansen IL, Pedersen PM, Manilo N, Bliddal H. Hand bone loss in early
rheumatoid arthritis during a methotrexate-based treat-to-target strategy with or
without adalimumab-a substudy of the optimized treatment algorithm in early RA
(OPERA) trial. Clin Rheumatol. 2017 Apr;36(4):781-789. doi: 10.1007/s10067-016-
3489-1. Epub 2016 Dec 5. PMID: 27921185.

36. Teitsma XM, Jacobs JWG, Welsing PMJ, de Jong PHP, Hazes JIMW, Weel AEAM, Peth6-
Schramm A, Borm MEA, van Laar JM, Lafeber FPJG, Bijlsma JWJ. Inadequate response
to treat-to-target methotrexate therapy in patients with new-onset rheumatoid
arthritis: development and validation of clinical predictors. Ann Rheum Dis. 2018
Sep;77(9):1261-1267. doi: 10.1136/annrheumdis-2018-213035. Epub 2018 May 14.
PMID: 29760159.

37. Tesser ], Kafka S, DeHoratius RJ, Xu S, Hsia EC, Turkiewicz A. Efficacy and safety
of intravenous golimumab plus methotrexate in patients with rheumatoid arthritis aged
< 65 years and those = 65 years of age. Arthritis Res Ther. 2019 Aug 20;21(1):190. doi:
10.1186/s13075-019-1968-x. PMID: 31429794; PMCID: PMC6701065.

38. Smolen JS, Szumski A, Koenig AS, Jones TV, Marshall L. Predictors of remission
with etanercept-methotrexate induction therapy and loss of remission with etanercept
maintenance, reduction, or withdrawal in moderately active rheumatoid arthritis:
results of the PRESERVE trial. Arthritis Res Ther. 2018 Jan 16;20(1):8. doi:
10.1186/s13075-017-1484-9. PMID: 29338762; PMCID: PMC5771183.

39. de la Vega M, Guerra Bautista G, Xavier RM, Pacheco-Tena C, Solano G, Pedersen
RD, Szumski AE, Borlenghi C, Santana K, Vlahos B. Predictors of response to
etanercept-methotrexate treatment: a post hoc logistic regression analysis of a
randomized, open-label study in Latin American patients with rheumatoid arthritis. Adv
Rheumatol. 2021 Sep 8;61(1):56. doi: 10.1186/s42358-021-00213-4. PMID:
34496979.

40. Curtis JR, McVie T, Mikuls TR, Reynolds RJ, Navarro-Millan I, O'Dell J, Moreland LW,
Bridges SL Jr, Ranganath VK, Cofield SS. Clinical response within 12 weeks as a
predictor of future low disease activity in patients with early RA: results from the TEAR
Trial. J Rheumatol. 2013 May;40(5):572-8. doi: 10.3899/jrheum.120715. Epub 2013
Apr 15. PMID: 23588939; PMCID: PMC3694569.

44



41. Pappas DA, Oh C, Plenge RM, Kremer JM, Greenberg JD. Association of rheumatoid
arthritis risk alleles with response to anti-TNF biologics: results from the CORRONA
registry and meta-analysis. Inflammation. 2013 Apr;36(2):279-84. doi:
10.1007/s10753-012-9544-4. PMID: 23007924.

42. Marquez A, Ferreiro-Iglesias A, Davila-Fajardo CL, Montes A, Pascual-Salcedo D,
Perez-Pampin E, Moreno-Ramos MJ, Garcia-Portales R, Navarro F, Moreira V, Magro C,
Caliz R, Ferrer MA, Alegre-Sancho 1], Joven B, Carreira P, Balsa A, Vasilopoulos Y,
Sarafidou T, Cabeza-Barrera J, Narvaez ], Raya E, Cafete JD, Fernandez-Nebro A,
Ordéfez Mdel C, de la Serna AR, Magallares B, Gomez-Reino 1], Gonzalez A, Martin J.
Lack of validation of genetic variants associated with anti-tumor necrosis factor therapy
response in rheumatoid arthritis: a genome-wide association study replication and
meta-analysis. Arthritis Res Ther. 2014 Mar 11;16(2):R66. doi: 10.1186/ar4504. PMID:
24612463; PMCID: PMC4060376.

43. Canet LM, Filipescu I, Caliz R, Lupiafiez CB, Canhao H, Escudero A, Segura-Catena
], Soto-Pino MJ, Ferrer MA, Garcia A, Romani L, Pérez-Pampin E, Gonzalez-Utrilla A,
Lopez Nevot MA, Collantes E, Fonseca JE, Sainz J. Genetic variants within the TNFRSF1B
gene and susceptibility to rheumatoid arthritis and response to anti-TNF drugs: a
multicenter study. Pharmacogenet Genomics. 2015 Jul;25(7):323-33. doi:
10.1097/FPC.0000000000000140. PMID: 25850964.

44, Burmester GR, Durez P, Shestakova G, Genovese MC, Schulze-Koops H, Li Y, Wang
YA, Lewitzky S, Koroleva I, Berneis AA, Lee DM, Hueber W. Association of HLA-DRB1
alleles with clinical responses to the anti-interleukin-17A monoclonal antibody
secukinumab in active rheumatoid arthritis. Rheumatology (Oxford). 2016
Jan;55(1):49-55. doi: 10.1093/rheumatology/kev258. Epub 2015 Aug 12. PMID:
26268815.

45. Wientjes MHM, den Broeder AA, Welsing PMJ], Verhoef LM, van den Bemt BJF.
Prediction of response to anti-TNF treatment using laboratory biomarkers in patients
with rheumatoid arthritis: a systematic review. RMD Open. 2022 Dec;8(2):e002570.
doi: 10.1136/rmdopen-2022-002570. PMID: 36597975; PMCID: PMC9730399.

46. Lee YH, Bae SC. Associations between PTPRC rs10919563 A/G and FCGR2A R131H
polymorphisms and responsiveness to TNF blockers in rheumatoid arthritis: a meta-
analysis. Rheumatol Int. 2016 Jun;36(6):837-44. doi: 10.1007/s00296-016-3476-5.
Epub 2016 Apr 13. PMID: 27074847.

47. Bek S, Bojesen AB, Nielsen ]V, Sode ], Bank S, Vogel U, Andersen V. Systematic
review and meta-analysis: pharmacogenetics of anti-TNF treatment response in
rheumatoid arthritis. Pharmacogenomics J. 2017 Oct;17(5):403-411. doi:
10.1038/tpj.2017.26. Epub 2017 Jun 13. PMID: 28607508; PMCID: PMC5637244.

48. Ferreiro-Iglesias A, Montes A, Perez-Pampin E, Cafnete JD, Raya E, Magro-Checa C,
Vasilopoulos Y, Caliz R, Ferrer MA, Joven B, Carreira P, Balsa A, Pascual-Salcedo D,
Blanco FJ, Moreno-Ramos MJ], Manrique-Arija S, Ordofiez MDC, Alegre-Sancho 1],
Narvaez J, Navarro-Sarabia F, Moreira V, Valor L, Garcia-Portales R, Marquez A, Gomez-
Reino JJ, Martin ], Gonzalez A. Evaluation of 12 GWAS-drawn SNPs as biomarkers of
rheumatoid arthritis response to TNF inhibitors. A potential SNP association with
response to etanercept. PLoS One. 2019 Feb 28;14(2):e0213073. doi:
10.1371/journal.pone.0213073. PMID: 30818333; PMCID: PMC6395028.

45



49, Fabris M, Quartuccio L, Vital E, Pontarini E, Salvin S, Fabro C, Zabotti A, Benucci M,
Manfredi M, Ravagnani V, Biasi D, Atzeni F, Sarzi-Puttini P, Morassi P, Fischetti F,
Bazzicchi L, Saracco M, Pellerito R, Cimmino M, Carraro V, Semeraro A, Schiavon F,
Caporali R, Bortolotti R, Govoni M, Fogolari F, Tonutti E, Bombardieri S, Emery P, De
Vita S. The TTTT B lymphocyte stimulator promoter haplotype is associated with good
response to rituximab therapy in seropositive rheumatoid arthritis resistant to tumor
necrosis factor blockers. Arthritis Rheum. 2013 Jan;65(1):88-97. doi:
10.1002/art.37707. PMID: 23001900.

50. Iwaszko M, Swierkot J, Kolossa K, Jeka S, Wiland P, Bogunia-Kubik K.
Polymorphisms within the human leucocyte antigen-E gene and their associations with
susceptibility to rheumatoid arthritis as well as clinical outcome of anti-tumour necrosis
factor therapy. Clin Exp Immunol. 2015 Dec;182(3):270-7. doi: 10.1111/cei.12696.
Epub 2015 Sep 28. PMID: 26307125; PMCID: PMC4636889.

51. Kim W, Kim HJ, Trinh NT, Yeon HR, Kim JH, Choi IA, Kim HA, Jung JY, Lee KE.
Association between nuclear factor of activated T cells C2 polymorphisms and treatment
response in rheumatoid arthritis patients receiving tumor necrosis factor-alpha
inhibitors. Pharmacogenet Genomics. 2022 Jan 1;32(1):10-15. doi:
10.1097/FPC.0000000000000446. PMID: 34320607.

52. Canet LM, Sanchez-Maldonado JM, Caéliz R, Rodriguez-Ramos A, Lupiafez CB,
Canhdo H, Martinez-Bueno M, Escudero A, Segura-Catena J, Sorensen SB, Hetland ML,
Soto-Pino MJ, Ferrer MA, Garcia A, Glintborg B, Filipescu I, Pérez-Pampin E, Gonzalez-
Utrilla A, Nevot MAL, Conesa-Zamora P, Broeder AD, De Vita S, Jacobsen SEH,
Collantes-Estevez E, Quartuccio L, Canzian F, Fonseca JE, Coenen MJH, Andersen V,
Sainz J. Polymorphisms at phase I-metabolizing enzyme and hormone receptor loci
influence the response to anti-TNF therapy in rheumatoid arthritis patients.
Pharmacogenomics J. 2019 Feb;19(1):83-96. doi: 10.1038/s41397-018-0057-x. Epub
2018 Oct 5. Erratum in: Pharmacogenomics J. 2019 Feb 14;: PMID: 30287909.

53. Zeng Z, Duan Z, Zhang T, Wang S, Li G, Gao J, Ye D, Xu S, Xu J, Zhang L, Pan F.
Association between tumor necrosis factor-a (TNF-a) promoter -308 G/A and response
to TNF-a blockers in rheumatoid arthritis: a meta-analysis. Mod Rheumatol. 2013
May;23(3):489-95. doi: 10.1007/s10165-012-0699-5. Epub 2012 Jul 4. PMID:
22760475.

54. Cui J, Stahl EA, Saevarsdottir S, Miceli C, Diogo D, Trynka G, Raj T, Mirkov MU,
Canhao H, Ikari K, Terao C, Okada Y, Wedrén S, Askling J, Yamanaka H, Momohara S,
Taniguchi A, Ohmura K, Matsuda F, Mimori T, Gupta N, Kuchroo M, Morgan AW, Isaacs
JD, Wilson AG, Hyrich KL, Herenius M, Doorenspleet ME, Tak PP, Crusius ]JB, van der
Horst-Bruinsma IE, Wolbink GJ, van Riel PL, van de Laar M, Guchelaar H], Shadick NA,
Allaart CF, Huizinga TW, Toes RE, Kimberly RP, Bridges SL Jr, Criswell LA, Moreland LW,
Fonseca JE, de Vries N, Stranger BE, De Jager PL, Raychaudhuri S, Weinblatt ME,
Gregersen PK, Mariette X, Barton A, Padyukov L, Coenen MJ], Karlson EW, Plenge RM.
Genome-wide association study and gene expression analysis identifies CD84 as a
predictor of response to etanercept therapy in rheumatoid arthritis. PLoS Genet. 2013
Mar;9(3):e1003394. doi: 10.1371/journal.pgen.1003394. Epub 2013 Mar 28. PMID:
23555300; PMCID: PMC3610685.

55. Davila-Fajardo CL, Marquez A, Pascual-Salcedo D, Moreno Ramos MJ], Garcia-
Portales R, Magro C, Alegre-Sancho 1], Balsa A, Cabeza-Barrera J, Raya E, Martin J.

46



Confirmation of -174G/C interleukin-6 gene promoter polymorphism as a genetic
marker predicting antitumor necrosis factor treatment outcome. Pharmacogenet
Genomics. 2014 Jan;24(1):1-5. doi: 10.1097/FPC.0000000000000013. PMID:
24253594,

56. Lee YH, Bae SC, Song GG. Functional FCGR3A 158 V/F and IL-6 -174 C/G
polymorphisms predict response to biologic therapy in patients with rheumatoid
arthritis: a meta-analysis. Rheumatol Int. 2014 Oct;34(10):1409-15. doi:
10.1007/s00296-014-3015-1. Epub 2014 Apr 12. PMID: 24728031.

57. Sanchez-Maldonado JM, Caliz R, Lépez-Nevot MA, Cabrera-Serrano Al, Mofiiz-Diez
A, Canhao H, Ter Horst R, Quartuccio L, Sorensen SB, Glintborg B, Hetland ML, Filipescu
I, Pérez-Pampin E, Conesa-Zamora P, Swierkot J, den Broeder AA, De Vita S, Petersen
ERB, Li Y, Ferrer MA, Escudero A, Netea MG, Coenen MJH, Andersen V, Fonseca JE,
Jurado M, Bogunia-Kubik K, Collantes E, Sainz J. Validation of GWAS-Identified Variants
for Anti-TNF Drug Response in Rheumatoid Arthritis: A Meta-Analysis of Two Large
Cohorts. Front Immunol. 2021 Oct 27;12:672255. doi: 10.3389/fimmu.2021.672255.
PMID: 34777329; PMCID: PMC8579100.

58. Luxembourger C, Ruyssen-Witrand A, Ladhari C, Rittore C, Degboe Y, Maillefert JF,
Gaudin P, Marotte H, Wendling D, Jorgensen C, Cantagrel A, Constantin A, Nigon D,
Touitou I, Gottenberg JE, Pers YM. A single nucleotide polymorphism of IL6-receptor is
associated with response to tocilizumab in rheumatoid arthritis patients.
Pharmacogenomics J. 2019 Aug;19(4):368-374. doi: 10.1038/s41397-019-0072-6.
Epub 2019 Jan 16. PMID: 30647443.

59. Janahiraman S, Too CL, Lee KW, Shahril NS, Leong CO. Genetic Biomarkers as
Predictors of Response to Tocilizumab in Rheumatoid Arthritis: A Systematic Review
and Meta-Analysis. Genes (Basel). 2022 Jul 20;13(7):1284. doi:
10.3390/genes13071284. PMID: 35886067; PMCID: PMC9323282.

60. Lee YH, Song GG. Associations between the interleukin-6 rs1800795 G/C and
interleukin-6 receptor rs12083537 A/G polymorphisms and response to disease-
modifying antirheumatic drugs in rheumatoid arthritis: A meta-analysis. Int
Immunopharmacol. 2022 Nov;112:109184. doi: 10.1016/j.intimp.2022.109184. Epub
2022 Sep 1. PMID: 36058033.

61. Cuppen BV, Rossato M, Fritsch-Stork RD, Concepcion AN, Schenk Y, Bijlsma JW,
Radstake TR, Lafeber FP; all SRU investigators. Can baseline serum microRNAs predict
response to TNF-alpha inhibitors in rheumatoid arthritis? Arthritis Res Ther. 2016 Aug
24;18(1):189. doi: 10.1186/s13075-016-1085-z. PMID: 27558398; PMCID:
PMC4997731.

62. Wang Q, Huang X, Shao Y, Liu Q, Shen ], Xia J, Zhang Z, Wang C. The implication
of long non-coding RNA expression profile in rheumatoid arthritis: Correlation with
treatment response to tumor necrosis factor inhibitor. Mod Rheumatol. 2023 Jan
3;33(1):111-121. doi: 10.1093/mr/roab128. PMID: 35141748.

63. Sophine B. Krintel, Christian Dehlendorff, Merete Lund Hetland, Kim Hgrslev et al.
Microrna Expression Profiles Associated With Response To Adalimumab and
Methotrexate Versus Methotrexate: A Placebo-Controlled Clinical Trial- University
Hospital Glostrup, Copenhagen, Denmark, 18Department of Internal Medicine and
Oncology, Herlev Hospital, Herlev, Denmark Meeting: 2013 ACR/ARHP Annual Meeting.

47



https://acrabstracts.org/abstract/microrna-expression-profiles-associated-with-
response-to-adalimumab-and-methotrexate-versus-methotrexate-a-placebo-
controlled-clinical-trial/

64. Sode ], Krintel SB, Carlsen AL, Hetland ML, Johansen ]S, Hgrslev-Petersen K,
Stengaard-Pedersen K, Ellingsen T, Burton M, Junker P, @stergaard M, Heegaard NHH.
Plasma MicroRNA Profiles in Patients with Early Rheumatoid Arthritis Responding to
Adalimumab plus Methotrexate vs Methotrexate Alone: A Placebo-controlled Clinical
Trial. J Rheumatol. 2018 Jan;45(1):53-61. doi: 10.3899/jrheum.170266. Epub 2017
Nov 15. PMID: 29142030.

65. Mucientes A, Lisbona JM, Mena-Vazquez N, Ruiz-Limén P, Manrique-Arija S,
Fernandez-Nebro A. miRNA-Mediated Epigenetic Regulation of Treatment Response in
RA Patients-A Systematic Review. Int J Mol Sci. 2022 Oct 27;23(21):12989. doi:
10.3390/ijms232112989. PMID: 36361779; PMCID: PMC9657910.

66. Nakamura S, Suzuki K, Iijima H, Hata Y, Lim CR, Ishizawa Y, Kameda H, Amano K,
Matsubara K, Matoba R, Takeuchi T. Identification of baseline gene expression
signatures predicting therapeutic responses to three biologic agents in rheumatoid
arthritis: a retrospective observational study. Arthritis Res Ther. 2016 Jul 19;18:159.
doi: 10.1186/s13075-016-1052-8. PMID: 27435242; PMCID: PMC4952232.

67. Farutin V, Prod'homme T, McConnell K, Washburn N, Halvey P, Etzel CJ, Guess J,
Duffner ], Getchell K, Meccariello R, Gutierrez B, Honan C, Zhao G, Cilfone NA, Gunay
NS, Hillson JL, DeLuca DS, Saunders KC, Pappas DA, Greenberg 1D, Kremer JM, Manning
AM, Ling LE, Capila I. Molecular profiling of rheumatoid arthritis patients reveals an
association between innate and adaptive cell populations and response to anti-tumor
necrosis factor. Arthritis Res Ther. 2019 Oct 23;21(1):216. doi: 10.1186/s13075-019-
1999-3. PMID: 31647025; PMCID: PMC6813112.

68. Kaneshiro K, Yoshida K, Morii K, Oketani Y, Uchida K, Yaekura A, Okumura I,
Hashimoto T, Kawasaki Y, Shibanuma N, Sakai Y, Hashiramoto A. Expressions of
circadian clock genes represent disease activities of RA patients treated with biological
DMARDs. Mod Rheumatol. 2020 Mar;30(2):293-300. doi:
10.1080/14397595.2019.1602242. Epub 2019 May 2. PMID: 30942638.

69. Curtis JR, Strand V, Golombek S, Zhang L, Wong A, Zielinski MC, Akmaev VR, Saleh
A, Asgarian S, Withers JB. Patient outcomes improve when a molecular signature test
guides treatment decision-making in rheumatoid arthritis. Expert Rev Mol Diagn. 2022
Nov 3:1-10. doi: 10.1080/14737159.2022.2140586. Epub ahead of print. PMID:
363053109.

70. Maclsaac KD, Baumgartner R, Kang J, Loboda A, Peterfy C, DiCarlo ], Riek ], Beals
C. Pre-treatment whole blood gene expression is associated with 14-week response
assessed by dynamic contrast enhanced magnetic resonance imaging in infliximab-
treated rheumatoid arthritis patients. PLoS One. 2014 Dec 12;9(12):e113937. doi:
10.1371/journal.pone.0113937. PMID: 25504080; PMCID: PMC4264695.

71. Derambure C, Dzangue-Tchoupou G, D'Agostino MA, Lequerré T, Vittecoq O. Gene
expression regulated by abatacept associated with methotrexate and correlation with
disease activity in rheumatoid arthritis. PLoS One. 2020 Aug 6;15(8):e0237143. doi:
10.1371/journal.pone.0237143. PMID: 32760165; PMCID: PMC7410313.

48



72. Lee YH, Bae SC, Song GG. Meta-analysis of gene expression profiles to predict
response to biologic agents in rheumatoid arthritis. Clin Rheumatol. 2014
Jun;33(6):775-82. doi: 10.1007/s10067-014-2547-9. Epub 2014 Mar 5. PMID:
24595895.

73. Greisen SR, Schelde KK, Rasmussen TK, Kragstrup TW, Stengaard-Pedersen K,
Hetland ML, Hgrslev-Petersen K, Junker P, @stergaard M, Deleuran B, Hvid M. CXCL13
predicts disease activity in early rheumatoid arthritis and could be an indicator of the
therapeutic 'window of opportunity'. Arthritis Res Ther. 2014 Sep 24;16(5):434. doi:
10.1186/s13075-014-0434-z. PMID: 25249397; PMCID: PMC4201737.

74. Johnson J, Yeter K, Rajbhandary R, Neal R, Tian Q, Jian ], Fadle N, Thurner L, Liu
C, Stohl W. Serum progranulin levels in Hispanic rheumatoid arthritis patients treated
with TNF antagonists: a prospective, observational study. Clin Rheumatol. 2017
Mar;36(3):507-516. doi: 10.1007/s10067-016-3467-7. Epub 2016 Nov 9. PMID:
27830341.

75. Cuppen B, Fritsch-Stork R, Eekhout I, de Jager W, Marijnissen AC, Bijlsma ], Custers
M, van Laar JM, Lafeber F, Welsing P; all Society for Rheumatology Research Utrecht
(SRU) investigators. Proteomics to predict the response to tumour necrosis factor-a
inhibitors in rheumatoid arthritis using a supervised cluster-analysis based protein
score. Scand ] Rheumatol. 2018 Jan;47(1):12-21. doi:
10.1080/03009742.2017.1309061. Epub 2017 Jun 26. PMID: 28650254.

76. Tweehuysen L, den Broeder AA, Schraa K, Netea MG, van den Hoogen FHJ, Joosten
LAB. Predictive value of ex-vivo drug-inhibited cytokine production for clinical response
to biologic DMARD therapy in rheumatoid arthritis. Clin Exp Rheumatol. 2019 May-
Jun;37(3):367-372. Epub 2019 Feb 7. PMID: 30767874.

77. Miyazaki Y, Nakano K, Nakayamada S, Kubo S, Iwata S, Hanami K, Fukuyo S,
Miyagawa I, Yamaguchi A, Kawabe A, Saito K, Tanaka Y. Serum TNFa levels at 24 h
after certolizumab pegol predict effectiveness at week 12 in patients with rheumatoid
arthritis from TSUBAME study. Arthritis Res Ther. 2021 Jun 1;23(1):154. doi:
10.1186/s13075-021-02547-2. PMID: 34074349; PMCID: PMC8167961.

78. Kawashiri SY, Endo Y, Nishino A, Okamoto M, Tsuji S, Takatani A, Shimizu T,
Sumiyoshi R, Koga T, Iwamoto N, Ichinose K, Tamai M, Nakamura H, Origuchi T,
Aramaki T, Ueki Y, Yoshitama T, Eiraku N, Matsuoka N, Okada A, Fujikawa K, Hamada
H, Nagano S, Tada Y, Kawakami A. Effect of abatacept treatment on serum osteoclast-
related biomarkers in patients with rheumatoid arthritis (RA): A multicenter RA
ultrasound prospective cohort in Japan. Medicine (Baltimore). 2021 Jul
16;100(28):€26592. doi: 10.1097/MD.0000000000026592. PMID: 34260539; PMCID:
PM(C8284735.

79. Stockfelt M, Lundell AC, Hetland ML, @stergaard M, Uhlig T, Heiberg MS,
Haavardsholm EA, Nurmohamed MT, Lampa J, Nordstrom D, Petersen KH,
Gudbjornsson B, Gréndal G, Aldridge J, Andersson K, Blennow K, Zetterberg H, van
Vollenhoven R, Rudin A. Plasma interferon-alpha is associated with double-positivity for
autoantibodies but is not a predictor of remission in early rheumatoid arthritis-a spin-
off study of the NORD-STAR randomized clinical trial. Arthritis Res Ther. 2021 Jul
13;23(1):189. doi: 10.1186/s13075-021-02556-1. PMID: 34256800; PMCID:
PMC8278690.

49



80. Boyapati A, Msihid J, Fiore S, van Adelsberg J, Graham NM, Hamilton JD. Sarilumab
plus methotrexate suppresses circulating biomarkers of bone resorption and synovial
damage in patients with rheumatoid arthritis and inadequate response to methotrexate:
a biomarker study of MOBILITY. Arthritis Res Ther. 2016 Oct 6;18(1):225. doi:
10.1186/s13075-016-1132-9. PMID: 27716324; PMCID: PMC5052933.

81. Siebuhr AS, Kjelgaard-Petersen CF, Sun S, Byrjalsen I, Christiansen C, Karsdal MA,
Bay-Jensen AC. Suppression of active, but not total MMP-3, is associated with treatment
response in a phase III clinical study of rheumatoid arthritis. Clin Exp Rheumatol. 2018
Jan-Feb;36(1):94-101. Epub 2017 Aug 28. PMID: 28850021.

82. Gudmann NS, Junker P, Juhl P, Thudium CS, Siebuhr AS, Byrjalsen I, Karsdal MA,
Bay-Jensen AC. Type IV collagen metabolism is associated with disease activity,
radiographic progression and response to tocilizumab in rheumatoid arthritis. Clin Exp
Rheumatol. 2018 Sep-Oct;36(5):829-835. Epub 2018 May 8. PMID: 29745884.

83. Juhl P, Thudium CS, Gudmann NS, Karsdal MA, Bay-Jensen AC, Siebuhr AS. IL-6
receptor inhibition modulates type III collagen and C-reactive protein degradation in
rheumatoid arthritis patients with an inadequate response to anti-tumour necrosis
factor therapy: analysis of connective tissue turnover in the tocilizumab RADIATE study.
Clin Exp Rheumatol. 2018 Jul-Aug;36(4):568-574. Epub 2018 Jan 31. PMID: 29465346.

84. Aizu M, Mizushima I, Nakazaki S, Nakashima A, Kato T, Murayama T, Kato S, Katsuki
Y, Ogane K, Fujii H, Yamada K, Nomura H, Yachie A, Yamagishi M, Kawano M. Changes
in serum interleukin-6 levels as possible predictor of efficacy of tocilizumab treatment
in rheumatoid arthritis. Mod Rheumatol. 2018 Jul;28(4):592-598. doi:
10.1080/14397595.2017.1370766. Epub 2017 Sep 12. PMID: 28880691.

85. Blair JPM, Bay-Jensen AC, Tang MH, Frederiksen P, Bager C, Karsdal M, Brunak S.
Identification of heterogenous treatment response trajectories to anti-IL6 receptor
treatment in rheumatoid arthritis. Sci Rep. 2020 Aug 18;10(1):13975. doi:
10.1038/s41598-020-70942-x. PMID: 32811969; PMCID: PMC7434906.

86. Drobinski PJ, Bay-Jensen AC, Karsdal MA, Sardar S, Siebuhr AS. Connective tissue
remodelling is differently modulated by tocilizumab versus methotrexate monotherapy
in patients with early rheumatoid arthritis: the AMBITION study. Arthritis Res Ther.
2021 Jan 7;23(1):13. doi: 10.1186/s13075-020-02378-7. PMID: 33413588; PMCID:
PMC7789531.

87. Lee SJ, Park W, Park SH, Shim SC, Baek HJ, Yoo DH, Kim HA, Lee SK, Leee Y], Park
YE, Cha HS, Park JK, Lee EY, Lee EB, Song YW. Low baseline interleukin-17A levels are
associated with better treatment response at 12 weeks to tocilizumab therapy in
rheumatoid arthritis patients. J Immunol Res. 2015;2015:487230. doi:
10.1155/2015/487230. Epub 2015 Apr 2. Erratum in: J Immunol Res.
2017;2017:7869412. PMID: 25922848; PMCID: PMC4398953.

88. Kato M, Kaneko Y, Tanaka Y, Inoo M, Kobayashi-Haraoka H, Amano K, Miyata M,
Murakawa Y, Yasuoka H, Hirata S, Nagasawa H, Tanaka E, Miyasaka N, Yamanaka H,
Yamamoto K, Yokota I, Atsumi T, Takeuchi T. Predictive value of serum amyloid a levels
for requirement of concomitant methotrexate in tocilizumab initiation: A post
hocanalysis of the SURPRISE study. Mod Rheumatol. 2020 May;30(3):442-449. doi:
10.1080/14397595.2019.1621026. Epub 2019 Jun 7. PMID: 31106666.

50



89. Bay-Jensen AC, Platt A, Siebuhr AS, Christiansen C, Byrjalsen I, Karsdal MA. Early
changes in blood-based joint tissue destruction biomarkers are predictive of response
to tocilizumab in the LITHE study. Arthritis Res Ther. 2016 Jan 20;18:13. doi:
10.1186/s13075-015-0913-x. PMID: 26787505; PMCID: PMC4719735.

90. Hirata S, Li W, Defranoux N, Cavet G, Bolce R, Yamaoka K, Saito K, Tanaka Y. A
multi-biomarker disease activity score tracks clinical response consistently in patients
with rheumatoid arthritis treated with different anti-tumor necrosis factor therapies: A
retrospective observational study. Mod Rheumatol. 2015 May;25(3):344-9. doi:
10.3109/14397595.2014.958893. Epub 2014 Oct 8. PMID: 25295918.

91. Nakajima A, Aoki Y, Sonobe M, Takahashi H, Saito M, Nakagawa K. Serum level of
reactive oxygen metabolites (ROM) at 12 weeks of treatment with biologic agents for
rheumatoid arthritis is a novel predictor for 52-week remission. Clin Rheumatol. 2017
Feb;36(2):309-315. doi: 10.1007/s10067-016-3479-3. Epub 2016 Nov 17. PMID:
27858176.

92. Dudka I, Chachaj A, Sebastian A, Tanski W, Stenlund H, Grébner G, Szuba A.
Metabolomic profiling reveals plasma GlycA and GlycB as a potential biomarkers for
treatment efficiency in rheumatoid arthritis. J Pharm Biomed Anal. 2021 Apr
15;197:113971. doi: 10.1016/j.jpba.2021.113971. Epub 2021 Feb 17. PMID:
33639525.

93. Krasselt M, Gruz N, Pierer M, Baerwald C, Wagner U. IL-10 Induced by mTNF
Crosslinking-Mediated Reverse Signaling in a Whole Blood Assay Is Predictive of
Response to TNFi Therapy in Rheumatoid Arthritis. J Pers Med. 2022 Jun 19;12(6):1003.
doi: 10.3390/jpm12061003. PMID: 35743787; PMCID: PMC9225532.

94. Kawashiri SY, Endo Y, Nishino A, Okamoto M, Tsuji S, Takatani A, Shimizu T,
Sumiyoshi R, Koga T, Iwamoto N, Ichinose K, Tamai M, Nakamura H, Origuchi T,
Aramaki T, Ueki Y, Yoshitama T, Eiraku N, Matsuoka N, Okada A, Fujikawa K, Hamada
H, Nagano S, Tada Y, Kawakami A. Association between serum bone biomarker levels
and therapeutic response to abatacept in patients with rheumatoid arthritis (RA): a
multicenter, prospective, and observational RA ultrasound cohort study in Japan. BMC
Musculoskelet Disord. 2021 Jun 1;22(1):506. doi: 10.1186/s12891-021-04392-5.
PMID: 34074293; PMCID: PMC8171043.

95. Wu C, Hu Y, Schafer P, Connolly SE, Wong R, Nielsen SH, Bay-Jensen AC, Emery P,
Tanaka Y, Bykerk VP, Bingham CO, Huizinga TW, Fleischmann R, Liu J. Baseline serum
levels of cross-linked carboxy-terminal telopeptide of type I collagen predict abatacept
treatment response in methotrexate-naive, anticitrullinated protein antibody-positive
patients with early rheumatoid arthritis. RMD Open. 2022 Dec;8(2):e002683. doi:
10.1136/rmdopen-2022-002683. PMID: 36585217; PMCID: PMC9809248.

96. Izumi K, Kaneko Y, Hashizume M, Yoshimoto K, Takeuchi T. Baseline Serum
Osteopontin Levels Predict the Clinical Effectiveness of Tocilizumab but Not Infliximab
in Biologic-Naive Patients with Rheumatoid Arthritis: A Single-Center Prospective Study
at 1 Year (the Keio First-Bio Cohort Study). PLoS One. 2015 Dec 23;10(12):e0145468.
doi: 10.1371/journal.pone.0145468. Erratum in: PLoS One. 2016;11(3):e0152341.
PMID: 26698858; PMCID: PMC4689361.

97. Gabay C, Burmester GR, Strand V, Msihid ], Zilberstein M, Kimura T, van
Hoogstraten H, Boklage SH, Sadeh ], Graham NMH, Boyapati A. Sarilumab and

51



adalimumab differential effects on bone remodelling and cardiovascular risk biomarkers,
and predictions of treatment outcomes. Arthritis Res Ther. 2020 Apr 7;22(1):70. doi:
10.1186/s13075-020-02163-6. PMID: 32264972; PMCID: PMC7137491.

98. Drobinski PJ, Nissen NI, Sinkeviciute D, Willumsen N, Karsdal MA, Bay-Jensen AC.
In Contrast to Anti-CCP, MMP-Degraded and Citrullinated Vimentin (VICM) Is Both a
Diagnostic and a Treatment Response Biomarker. Int J Mol Sci. 2022 Dec 24;24(1):321.
doi: 10.3390/ijms24010321. PMID: 36613765; PMCID: PMC9820189.

99. Dennis G Jr, Holweg CT, Kummerfeld SK, Choy DF, Setiadi AF, Hackney JA, Haverty
PM, Gilbert H, Lin WY, Diehl L, Fischer S, Song A, Musselman D, Klearman M, Gabay C,
Kavanaugh A, Endres ], Fox DA, Martin F, Townsend MJ. Synovial phenotypes in
rheumatoid arthritis correlate with response to biologic therapeutics. Arthritis Res Ther.
2014;16(2):R90. doi: 10.1186/ar4555. Epub 2014 Apr 30. PMID: 25167216; PMCID:
PMC4060385.

100. Bui TM, Wiesolek HL, Sumagin R. ICAM-1: A master regulator of cellular responses
in inflammation, injury resolution, and tumorigenesis. J Leukoc Biol. 2020
Sep;108(3):787-799. doi: 10.1002/JLB.2MR0220-549R. Epub 2020 Mar 17. PMID:
32182390; PMCID: PMC7977775.

101. Carlsen HS, Baekkevold ES, Johansen FE, Haraldsen G, Brandtzaeg P. B cell
attracting chemokine 1 (CXCL13) and its receptor CXCR5 are expressed in normal and
aberrant gut associated lymphoid tissue. Gut. 2002 Sep;51(3):364-71. doi:
10.1136/gut.51.3.364. PMID: 12171958; PMCID: PMC1773345.

102. Neregard P, Krishnamurthy A, Revu S, Engstréom M, af Klint E, Catrina AL
Etanercept decreases synovial expression of tumour necrosis factor-a and lymphotoxin-
a in rheumatoid arthritis. Scand ] Rheumatol. 2014;43(2):85-90. doi:
10.3109/03009742.2013.834964. Epub 2013 Dec 9. PMID: 24313444.

103. Boyle DL, Soma K, Hodge J, Kavanaugh A, Mandel D, Mease P, Shurmur R, Singhal
AK, Wei N, Rosengren S, Kaplan I, Krishnaswami S, Luo Z, Bradley J, Firestein GS. The
JAK inhibitor tofacitinib suppresses synovial JAK1-STAT signalling in rheumatoid
arthritis. Ann Rheum Dis. 2015 Jun;74(6):1311-6. doi: 10.1136/annrheumdis-2014-
206028. Epub 2014 Nov 14. PMID: 25398374; PMCID: PMC4431345.

104. Kamataki A, Ishida M, Komagamine M, Yoshida M, Ando T, Sawai T. Zymographic
analysis using gelatin-coated film of the effect of etanercept on the extracellular matrix-
degrading activity in synovial fluids of rheumatoid arthritis patients. Int J Rheum Dis.
2016 Apr;19(4):385-91. doi: 10.1111/1756-185X.12197. Epub 2013 Nov 1. PMID:
24618272.

105. Andersen M, Boesen M, Ellegaard K, Sdderstrom K, Sge NH, Spee P, Mgrch UGW,
Torp-Pedersen S, Bartels EM, Danneskiold-Samsge B, Karlsson L, Bliddal H. Association
between IL-6 production in synovial explants from rheumatoid arthritis patients and
clinical and imaging response to biologic treatment: A pilot study. PLoS One. 2018 May
22;13(5):e0197001. doi: 10.1371/journal.pone.0197001. PMID: 29787569; PMCID:
PMC5963776.

106. De Groof A, Ducreux J, Humby F, Nzeusseu Toukap A, Badot V, Pitzalis C, Houssiau
FA, Durez P, Lauwerys BR. Higher expression of TNFa-induced genes in the synovium
of patients with early rheumatoid arthritis correlates with disease activity, and predicts

52



absence of response to first line therapy. Arthritis Res Ther. 2016 Jan 20;18:19. doi:
10.1186/s13075-016-0919-z. PMID: 26792343; PMCID: PMC47193309.

107. Aterido A, Canete JD, Tornero J, Blanco F, Fernandez-Gutierrez B, Pérez C, Alperi-
Lopez M, Olive A, Corominas H, Martinez-Taboada V, Gonzalez I, Fernandez-Nebro A,
Erra A, Lépez-Lasanta M, Lopez Corbeto M, Palau N, Marsal S, Julia A. A Combined
Transcriptomic and Genomic Analysis Identifies a Gene Signature Associated With the
Response to Anti-TNF Therapy in Rheumatoid Arthritis. Front Immunol. 2019 Jul
2;10:1459. doi: 10.3389/fimmu.2019.01459. PMID: 31312201; PMCID: PMC6614444.

108. Das S, Vital EM, Horton S, Bryer D, El-Sherbiny Y, Rawstron AC, Ponchel F, Emery
P, Buch MH. Abatacept or tocilizumab after rituximab in rheumatoid arthritis? An
exploratory study suggests non-response to rituximab is associated with persistently
high IL-6 and better clinical response to IL-6 blocking therapy. Ann Rheum Dis. 2014
May;73(5):909-12. doi: 10.1136/annrheumdis-2013-204417. Epub 2014 Jan 2. PMID:
24385201.

109. Wang J, Conlon D, Rivellese F, Nerviani A, Lewis MJ], Housley W, Levesque MC,
Cao X, Cuff C, Long A, Pitzalis C, Ruzek MC. Synovial Inflammatory Pathways
Characterize Anti-TNF-Responsive Rheumatoid Arthritis Patients. Arthritis Rheumatol.
2022 Dec;74(12):1916-1927. doi: 10.1002/art.42295. Epub 2022 Oct 21. PMID:
35854416.

110. Humby F, Durez P, Buch MH, Lewis MJ, Rizvi H, Rivellese F, Nerviani A, Giorli G,
Mahto A, Montecucco C, Lauwerys B, Ng N, Ho P, Bombardieri M, Romao VC,
Verschueren P, Kelly S, Sainaghi PP, Gendi N, Dasgupta B, Cauli A, Reynolds P, Cafiete
JD, Moots R, Taylor PC, Edwards CJ, Isaacs ], Sasieni P, Choy E, Pitzalis C; R4RA
collaborative group. Rituximab versus tocilizumab in anti-TNF inadequate responder
patients with rheumatoid arthritis (R4RA): 16-week outcomes of a stratified, biopsy-
driven, multicentre, open-label, phase 4 randomised controlled trial. Lancet. 2021 Jan
23;397(10271):305-317. doi: 10.1016/S0140-6736(20)32341-2. PMID: 33485455;
PMCID: PMC7829614.

111. Rivellese F, Surace AEA, Goldmann K, Sciacca E, Cubuk C, Giorli G, John CR,
Nerviani A, Fossati-Jimack L, Thorborn G, Ahmed M, Prediletto E, Church SE, Hudson
BM, Warren SE, McKeigue PM, Humby F, Bombardieri M, Barnes MR, Lewis MJ], Pitzalis
C; R4RA collaborative group. Rituximab versus tocilizumab in rheumatoid arthritis:
synovial biopsy-based biomarker analysis of the phase 4 R4RA randomized trial. Nat
Med. 2022 Jun;28(6):1256-1268. doi: 10.1038/s41591-022-01789-0. Epub 2022 May
19. PMID: 35589854; PMCID: PMC9205785.

112. Barturen G, Babaei S, Catala-Moll F, Martinez-Bueno M, Makowska Z, Martorell-
Marugan J, Carmona-Saez P, Toro-Dominguez D, Carnero-Montoro E, Teruel M, Kerick
M, Acosta-Herrera M, Le Lann L, Jamin C, Rodriguez-Ubreva J, Garcia-Gomez A,
Kageyama J], Buttgereit A, Hayat S, Mueller ], Lesche R, Hernandez-Fuentes M, Juarez
M, Rowley T, White I, Marandén C, Gomes Anjos T, Varela N, Aguilar-Quesada R,
Garrancho FJ, Lopez-Berrio A, Rodriguez Maresca M, Navarro-Linares H, Almeida I,
Azevedo N, Branddao M, Campar A, Faria R, Farinha F, Marinho A, Neves E, Tavares A,
Vasconcelos C, Trombetta E, Montanelli G, Vigone B, Alvarez-Errico D, Li T, Thiagaran
D, Blanco Alonso R, Corrales Martinez A, Genre F, Lopez Mejias R, Gonzalez-Gay MA,
Remuzgo S, Ubilla Garcia B, Cervera R, Espinosa G, Rodriguez-Pinté I, De Langhe E,
Cremer J, Lories R, Belz D, Hunzelmann N, Baerlecken N, Kniesch K, Witte T, Lehner M,
Stummvoll G, Zauner M, Aguirre-Zamorano MA, Barbarroja N, Castro-Villegas MC,

53



Collantes-Estevez E, de Ramon E, Diaz Quintero I, Escudero-Contreras A, Fernandez
Roldan MC, Jiménez Gomez Y, Jiménez Moledn I, Lopez-Pedrera R, Ortega-Castro R,
Ortego N, Raya E, Artusi C, Gerosa M, Meroni PL, Schioppo T, De Groof A, Ducreux J,
Lauwerys B, Maudoux AL, Cornec D, Devauchelle-Pensec V, Jousse-Joulin S, Jouve PE,
Rouviere B, Saraux A, Simon Q, Alvarez M, Chizzolini C, Dufour A, Wynar D, Balog A,
Bocskai M, Deak M, Dulic S, Kadar G, Kovacs L, Cheng Q, Gerl V, Hiepe F, Khodadadi L,
Thiel S, de Rinaldis E, Rao S, Benschop R], Chamberlain C, Dow ER, Ioannou Y, Laigle
L, Marovac J, Wojcik J, Renaudineau Y, Borghi MO, Frostegard ], Martin J, Beretta L,
Ballestar E, McDonald F, Pers JO, Alarcon-Riquelme ME. Integrative Analysis Reveals a
Molecular Stratification of Systemic Autoimmune Diseases. Arthritis Rheumatol. 2021
Jun;73(6):1073-1085. doi: 10.1002/art.41610. Epub 2021 Apr 26. PMID: 33497037.

113. Edwards JC, Szczepanski L, Szechinski J, Filipowicz-Sosnowska A, Emery P, Close
DR, Stevens RM, Shaw T. Efficacy of B-cell-targeted therapy with rituximab in patients
with rheumatoid arthritis. N Engl J Med. 2004 Jun 17;350(25):2572-81. doi:
10.1056/NEJM0a032534. PMID: 15201414.

114. Cohen SB, Emery P, Greenwald MW, Dougados M, Furie RA, Genovese MC,
Keystone EC, Loveless JE, Burmester GR, Cravets MW, Hessey EW, Shaw T, Totoritis
MC; REFLEX Trial Group. Rituximab for rheumatoid arthritis refractory to anti-tumor
necrosis factor therapy: Results of a multicenter, randomized, double-blind, placebo-
controlled, phase III trial evaluating primary efficacy and safety at twenty-four weeks.
Arthritis Rheum. 2006 Sep;54(9):2793-806. doi: 10.1002/art.22025. PMID: 16947627.

115. Emery P, Fleischmann R, Filipowicz-Sosnowska A, Schechtman J, Szczepanski L,
Kavanaugh A, Racewicz AJ, van Vollenhoven RF, Li NF, Agarwal S, Hessey EW, Shaw
TM; DANCER Study Group. The efficacy and safety of rituximab in patients with active
rheumatoid arthritis despite methotrexate treatment: results of a phase IIB
randomized, double-blind, placebo-controlled, dose-ranging trial. Arthritis Rheum. 2006
May;54(5):1390-400. doi: 10.1002/art.21778. PMID: 16649186.

116. Eisenberg R, Albert D, Stansberry ], Tsai D, Kolasinski S, Khan S. A Phase I trial
of B-cell depletion with anti-CD20 monoclonal antibody (rituximab) in the treatment of
systemic lupus erythematosus. Arthritis Res Ther. 2003;5(Suppl 3):29. doi:
10.1186/ar830. Epub 2003 Sep 12. PMCID: PMC2833820.

117. Leandro MJ], Edwards JC, Cambridge G, Ehrenstein MR, Isenberg DA. An open
study of B lymphocyte depletion in systemic lupus erythematosus. Arthritis Rheum.
2002 Oct;46(10):2673-7. doi: 10.1002/art.10541. PMID: 12384926.

118. Leandro MJ], Cambridge G, Edwards JC, Ehrenstein MR, Isenberg DA. B-cell
depletion in the treatment of patients with systemic lupus erythematosus: a longitudinal
analysis of 24 patients. Rheumatology (Oxford). 2005 Dec;44(12):1542-5. doi:
10.1093/rheumatology/kei080. Epub 2005 Sep 27. PMID: 16188950.

119. van Vollenhoven RF, Gunnarsson I, Welin-Henriksson E, Sundelin B, Osterborg A,
Jacobson SH, Klareskog L. Biopsy-verified response of severe lupus nephritis to
treatment with rituximab (anti-CD20 monoclonal antibody) plus cyclophosphamide after
biopsy-documented failure to respond to cyclophosphamide alone. Scand J Rheumatol.
2004;33(6):423-7. doi: 10.1080/03009740410010227. PMID: 15794203.

54



120. Smith KG, Jones RB, Burns SM, Jayne DR. Long-term comparison of rituximab
treatment for refractory systemic lupus erythematosus and vasculitis: remission,
relapse, and re-treatment. Arthritis Rheum 2006;54:2970-82.

121. Tokunaga M, Saito K, Kawabata D, Imura Y, Fujii T, Nakayamada S, Tsujimura S,
Nawata M, Iwata S, Azuma T, Mimori T, Tanaka Y. Efficacy of rituximab (anti-CD20) for
refractory systemic lupus erythematosus involving the central nervous system. Ann
Rheum Dis. 2007 Apr;66(4):470-5. doi: 10.1136/ard.2006.057885. Epub 2006 Nov 15.
PMID: 17107983; PMCID: PMC1856059.

122. Sutter JA, Kwan-Morley J, Dunham J, Du YZ, Kamoun M, Albert D, Eisenberg RA,
Luning Prak ET. A longitudinal analysis of SLE patients treated with rituximab (anti-
CD20): factors associated with B Ilymphocyte recovery. Clin Immunol. 2008
Mar;126(3):282-90. doi: 10.1016/j.clim.2007.11.012. Epub 2008 Jan 15. PMID:
18226586.

123. Lu TY, Jénsdéttir T, van Vollenhoven RF, Isenberg DA. Prolonged B-cell depletion
following rituximab therapy in systemic lupus erythematosus: a report of two cases.
Ann Rheum Dis. 2008 Oct;67(10):1493-4. doi: 10.1136/ard.2008.091124. Erratum in:
Ann Rheum Dis. 2009 May;68(5):764.. Jonsdottir, T [corrected to Jonsdottir, T]. PMID:
18791057.

124. Kumar S, Benseler SM, Kirby-Allen M, Silverman ED. B-cell depletion for
autoimmune thrombocytopenia and autoimmune hemolytic anemia in pediatric
systemic lupus erythematosus. Pediatrics. 2009 Jan;123(1):e159-63. doi:
10.1542/peds.2008-2361. Epub 2008 Dec 15. PMID: 19074962.

125. Reynolds JA, Toescu V, Yee CS, Prabu A, Situnayake D, Gordon C. Effects of
rituximab on resistant SLE disease including lung involvement. Lupus. 2009
Jan;18(1):67-73. doi: 10.1177/0961203308094653. PMID: 19074171.

126. Merrill JT, Neuwelt CM, Wallace D], Shanahan JC, Latinis KM, Oates JC, Utset TO,
Gordon C, Isenberg DA, Hsieh HJ], Zhang D, Brunetta PG. Efficacy and safety of
rituximab in moderately-to-severely active systemic lupus erythematosus: the
randomized, double-blind, phase II/III systemic lupus erythematosus evaluation of
rituximab trial. Arthritis Rheum. 2010 Jan;62(1):222-33. doi: 10.1002/art.27233.
PMID: 20039413; PMCID: PMC4548300.

127. Baker KP, Edwards BM, Main SH, Choi GH, Wager RE, Halpern WG, Lappin PB,
Riccobene T, Abramian D, Sekut L, Sturm B, Poortman C, Minter RR, Dobson CL,
Williams E, Carmen S, Smith R, Roschke V, Hilbert DM, Vaughan TJ, Albert VR.
Generation and characterization of LymphoStat-B, a human monoclonal antibody that
antagonizes the bioactivities of B lymphocyte stimulator. Arthritis Rheum. 2003
Nov;48(11):3253-65. doi: 10.1002/art.11299. PMID: 14613291.

128. Stohl W, Metyas S, Tan SM, Cheema GS, Oamar B, Xu D, Roschke V, Wu Y, Baker
KP, Hilbert DM. B lymphocyte stimulator overexpression in patients with systemic lupus
erythematosus: longitudinal observations. Arthritis Rheum. 2003 Dec;48(12):3475-86.
doi: 10.1002/art.11354. PMID: 14673998.

129. Zhang J, Roschke V, Baker KP, Wang Z, Alarcdon GS, Fessler B], Bastian H, Kimberly
RP, Zhou T. Cutting edge: a role for B lymphocyte stimulator in systemic lupus
erythematosus. J Immunol. 2001 Jan 1;166(1):6-10. doi: 10.4049/jimmunol.166.1.6.
PMID: 11123269.

55



130. Furie R, Petri M, Zamani O, Cervera R, Wallace D], Tegzova D, Sanchez-Guerrero
J, Schwarting A, Merrill JT, Chatham WW, Stohl W, Ginzler EM, Hough DR, Zhong Z],
Freimuth W, van Vollenhoven RF; BLISS-76 Study Group. A phase III, randomized,
placebo-controlled study of belimumab, a monoclonal antibody that inhibits B
lymphocyte stimulator, in patients with systemic lupus erythematosus. Arthritis Rheum.
2011 Dec;63(12):3918-30. doi: 10.1002/art.30613. PMID: 22127708; PMCID:
PMC5007058.

131. Navarra SV, Guzman RM, Gallacher AE, Hall S, Levy RA, Jimenez RE, Li EK, Thomas
M, Kim HY, Ledn MG, Tanasescu C, Nasonov E, Lan JL, Pineda L, Zhong ZJ, Freimuth
W, Petri MA; BLISS-52 Study Group. Efficacy and safety of belimumab in patients with
active systemic lupus erythematosus: a randomised, placebo-controlled, phase 3 trial.
Lancet. 2011 Feb 26;377(9767):721-31. doi: 10.1016/S0140-6736(10)61354-2. Epub
2011 Feb 4. PMID: 21296403.

132. Wallace DJ, Stohl W, Furie RA, Lisse JR, McKay 1D, Merrill JT, Petri MA, Ginzler EM,
Chatham WW, McCune WJ, Fernandez V, Chevrier MR, Zhong ZJ, Freimuth WW. A phase
II, randomized, double-blind, placebo-controlled, dose-ranging study of belimumab in
patients with active systemic lupus erythematosus. Arthritis Rheum. 2009 Sep
15;61(9):1168-78. doi: 10.1002/art.24699. PMID: 19714604; PMCID: PMC2758229.

133. Manzi S, Sanchez-Guerrero J, Merrill JT, Furie R, Gladman D, Navarra SV, Ginzler
EM, D'Cruz DP, Doria A, Cooper S, Zhong ZJ, Hough D, Freimuth W, Petri MA; BLISS-
52 and BLISS-76 Study Groups. Effects of belimumab, a B lymphocyte stimulator-
specific inhibitor, on disease activity across multiple organ domains in patients with
systemic lupus erythematosus: combined results from two phase III trials. Ann Rheum
Dis. 2012 Nov;71(11):1833-8. doi: 10.1136/annrheumdis-2011-200831. Epub 2012
May 1. PMID: 22550315; PMCID: PMC3465857.

134. Stohl W, Schwarting A, Okada M, Scheinberg M, Doria A, Hammer AE, Kleoudis C,
Groark J, Bass D, Fox NL, Roth D, Gordon D. Efficacy and Safety of Subcutaneous
Belimumab in Systemic Lupus Erythematosus: A Fifty-Two-Week Randomized, Double-
Blind, Placebo-Controlled Study. Arthritis Rheumatol. 2017 May;69(5):1016-1027. doi:
10.1002/art.40049. Epub 2017 Apr 7. PMID: 28118533; PMCID: PMC5434872.

135. van Vollenhoven RF, Petri MA, Cervera R, Roth DA, Ji BN, Kleoudis CS, Zhong Z],
Freimuth W. Belimumab in the treatment of systemic lupus erythematosus: high disease
activity predictors of response. Ann Rheum Dis. 2012 Aug;71(8):1343-9. doi:
10.1136/annrheumdis-2011-200937. Epub 2012 Feb 15. PMID: 22337213; PMCID:
PMC3396451.

136. Doria A, Stohl W, Schwarting A, Okada M, Scheinberg M, van Vollenhoven R,
Hammer AE, Groark J, Bass D, Fox NL, Roth D, Gordon D. Efficacy and Safety of
Subcutaneous Belimumab in Anti-Double-Stranded DNA-Positive,
Hypocomplementemic Patients With Systemic Lupus Erythematosus. Arthritis
Rheumatol. 2018 Aug;70(8):1256-1264. doi: 10.1002/art.40511. Epub 2018 Jun 15.
PMID: 29671280; PMCID: PMC6099508.

137. Ginzler E, Guedes Barbosa LS, D'Cruz D, Furie R, Maksimowicz-McKinnon K, Oates
J, Santiago MB, Saxena A, Sheikh S, Bass DL, Burriss SW, Gilbride JA, Groark JG, Miller
M, Pierce A, Roth DA, Ji B. Phase III/IV, Randomized, Fifty-Two-Week Study of the
Efficacy and Safety of Belimumab in Patients of Black African Ancestry With Systemic

56



Lupus Erythematosus. Arthritis Rheumatol. 2022 Jan;74(1):112-123. doi:
10.1002/art.41900. Epub 2021 Dec 9. PMID: 34164944; PMCID: PMC9300099.

138. Merrill JT, Wallace D], Wax S, Kao A, Fraser PA, Chang P, Isenberg D; ADDRESS
IT Investigators. Efficacy and Safety of Atacicept in Patients With Systemic Lupus
Erythematosus: Results of a Twenty-Four-Week, Multicenter, Randomized, Double-
Blind, Placebo-Controlled, Parallel-Arm, Phase IIb Study. Arthritis Rheumatol. 2018
Feb;70(2):266-276. doi: 10.1002/art.40360. Erratum in: Arthritis Rheumatol. 2018
Mar;70(3):467. Erratum in: Arthritis Rheumatol. 2021 Nov;73(11):2043. PMID:
29073347; PMCID: PMC6099253.

139. Furie R, Khamashta M, Merrill JT, Werth VP, Kalunian K, Brohawn P, Illei GG,
Drappa J, Wang L, Yoo S; CD1013 Study Investigators. Anifrolumab, an Anti-Interferon-
a Receptor Monoclonal Antibody, in Moderate-to-Severe Systemic Lupus
Erythematosus. Arthritis Rheumatol. 2017 Feb;69(2):376-386. doi:
10.1002/art.39962. PMID: 28130918; PMCID: PMC5299497.

140. Morand EF, Furie R, Tanaka Y, Bruce IN, Askanase AD, Richez C, Bae SC, Brohawn
PZ, Pineda L, Berglind A, Tummala R; TULIP-2 Trial Investigators. Trial of Anifrolumab
in Active Systemic Lupus Erythematosus. N Engl J Med. 2020 Jan 16;382(3):211-221.
doi: 10.1056/NEJM0a1912196. Epub 2019 Dec 18. PMID: 31851795.

141. Merrill JT, Werth VP, Furie R, van Vollenhoven R, Dérner T, Petronijevic M, Velasco
J, Majdan M, Irazoque-Palazuelos F, Weiswasser M, Korish S, Ye Y, Gaudy A, Schafer
PH, Liu Z, Agafonova N, Delev N. Phase 2 Trial of Iberdomide in Systemic Lupus
Erythematosus. N Engl ] Med. 2022 Mar 17;386(11):1034-1045. doi:
10.1056/NEJM0a2106535. PMID: 35294813.

142. Anders HJ], Saxena R, Zhao MH, Parodis I, Salmon JE, Mohan C. Lupus nephritis.
Nat Rev Dis Primers. 2020 Jan 23;6(1):7. doi: 10.1038/s41572-019-0141-9. PMID:
31974366.

143. Rovin BH, Furie R, Latinis K, Looney RJ, Fervenza FC, Sanchez-Guerrero J, Maciuca
R, Zhang D, Garg JP, Brunetta P, Appel G; LUNAR Investigator Group. Efficacy and
safety of rituximab in patients with active proliferative lupus nephritis: the Lupus
Nephritis Assessment with Rituximab study. Arthritis Rheum. 2012 Apr;64(4):1215-26.
doi: 10.1002/art.34359. Epub 2012 Jan 9. PMID: 22231479.

144. Furie R, Rovin BH, Houssiau F, Malvar A, Teng YKO, Contreras G, Amoura Z, Yu X,
Mok CC, Santiago MB, Saxena A, Green Y, Ji B, Kleoudis C, Burriss SW, Barnett C, Roth
DA. Two-Year, Randomized, Controlled Trial of Belimumab in Lupus Nephritis. N Engl ]
Med. 2020 Sep 17;383(12):1117-1128. doi: 10.1056/NEJM0a2001180. PMID:
32937045.

145. Dooley MA, Houssiau F, Aranow C, D'Cruz DP, Askanase A, Roth DA, Zhong Z],
Cooper S, Freimuth WW, Ginzler EM; BLISS-52 and -76 Study Groups. Effect of
belimumab treatment on renal outcomes: results from the phase 3 belimumab clinical
trials in patients with SLE. Lupus. 2013 Jan;22(1):63-72. doi:
10.1177/0961203312465781. PMID: 23263865.

146. Rovin BH, Furie R, Teng YKO, Contreras G, Malvar A, Yu X, Ji B, Green Y, Gonzalez-
Rivera T, Bass D, Gilbride J, Tang CH, Roth DA. A secondary analysis of the Belimumab
International Study in Lupus Nephritis trial examined effects of belimumab on kidney

57



outcomes and preservation of kidney function in patients with lupus nephritis. Kidney
Int. 2022 Feb;101(2):403-413. doi: 10.1016/j.kint.2021.08.027. Epub 2021 Sep 22.
PMID: 34560137.

147. Rovin BH, Solomons N, Pendergraft WF 3rd, Dooley MA, Tumlin J, Romero-Diaz J,
Lysenko L, Navarra SV, Huizinga RB; AURA-LV Study Group. A randomized, controlled
double-blind study comparing the efficacy and safety of dose-ranging voclosporin with
placebo in achieving remission in patients with active lupus nephritis. Kidney Int. 2019
Jan;95(1):219-231. doi: 10.1016/j.kint.2018.08.025. Epub 2018 Nov 9. PMID:
30420324.

148. Rovin BH, Teng YKO, Ginzler EM, Arriens C, Caster D], Romero-Diaz J, Gibson K,
Kaplan J, Lisk L, Navarra S, Parikh SV, Randhawa S, Solomons N, Huizinga RB. Efficacy
and safety of voclosporin versus placebo for lupus nephritis (AURORA 1): a double-
blind, randomised, multicentre, placebo-controlled, phase 3 trial. Lancet. 2021 May
29;397(10289):2070-2080. doi: 10.1016/S0140-6736(21)00578-X. Epub 2021 May 7.
Erratum in: Lancet. 2021 May 29;397(10289):2048. PMID: 33971155.

149. Jayne D, Rovin B, Mysler EF, Furie RA, Houssiau FA, Trasieva T, Knagenhjelm J,
Schwetje E, Chia YL, Tummala R, Lindholm C. Phase II randomised trial of type I
interferon inhibitor anifrolumab in patients with active lupus nephritis. Ann Rheum Dis.
2022 Apr;81(4):496-506. doi: 10.1136/annrheumdis-2021-221478. Epub 2022 Feb 10.
PMID: 35144924; PMCID: PMC8921596.

150. Meijer IM, Pijpe ], Vissink A, Kallenberg CG, Bootsma H. Treatment of primary
Sjogren syndrome with rituximab: extended follow-up, safety and efficacy of
retreatment. Ann Rheum Dis. 2009 Feb;68(2):284-5. doi: 10.1136/ard.2008.092601.
PMID: 19139205.

151. Meijer JM, Meiners PM, Vissink A, Spijkervet FK, Abdulahad W, Kamminga N,
Brouwer E, Kallenberg CG, Bootsma H. Effectiveness of rituximab treatment in primary
Sjoégren's syndrome: a randomized, double-blind, placebo-controlled trial. Arthritis
Rheum. 2010 Apr;62(4):960-8. doi: 10.1002/art.27314. PMID: 20131246.

152. Carubbi F, Cipriani P, Marrelli A, Benedetto P, Ruscitti P, Berardicurti O, Pantano
I, Liakouli V, Alvaro S, Alunno A, Manzo A, Ciccia F, Gerli R, Triolo G, Giacomelli R.
Efficacy and safety of rituximab treatment in early primary Sjégren's syndrome: a
prospective, multi-center, follow-up study. Arthritis Res Ther. 2013 Oct 30;15(5):R172.
doi: 10.1186/ar4359. PMID: 24286296; PMCID: PMC3979092.

153. Pijpe ], van Imhoff GW, Spijkervet FK, Roodenburg JL, Wolbink GJ], Mansour K,
Vissink A, Kallenberg CG, Bootsma H. Rituximab treatment in patients with primary
Sjoégren's syndrome: an open-label phase II study. Arthritis Rheum. 2005
Sep;52(9):2740-50. doi: 10.1002/art.21260. PMID: 16142737.

154. Mariette X, Barone F, Baldini C, Bootsma H, Clark KL, De Vita S, Gardner DH,
Henderson RB, Herdman M, Lerang K, Mistry P, Punwaney R, Seror R, Stone J, van
Daele P, van Maurik A, Wisniacki N, Roth DA, Tak PP. A randomized, phase II study of
sequential belimumab and rituximab in primary Sjégren's syndrome. JCI Insight. 2022
Dec 8;7(23):e163030. doi: 10.1172/jci.insight.163030. PMID: 36477362; PMCID:
PMC9746921.

58



155. Machado AC, Dos Santos LC, Fidelix T, Lekwitch I, Soares SB, Gasparini AF,
Augusto 1V, Junior NC, Trevisani VFM. Effectiveness and safety of abatacept for the
treatment of patients with primary Sjégren's syndrome. Clin Rheumatol. 2020
Jan;39(1):243-248. doi: 10.1007/s10067-019-04724-w. Epub 2019 Aug 16. PMID:
31420813.

156. Cankaya H, Alp6z E, Karabulut G, Glneri P, Boyacioglu H, Kabasakal Y. Effects of
hydroxychloroquine on salivary flow rates and oral complaints of Sjégren patients: a
prospective sample study. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2010
Jul;110(1):62-7. doi: 10.1016/j.tripleo.2010.02.032. PMID: 20610299.

157. van der Heijden EHM, Blokland SLM, Hillen MR, Lopes APP, van Vliet-Moret FM,
Rosenberg AJWP, Janssen NG, Welsing PMJ, Iannizzotto V, Tao W, Pandit A, Barone F,
Kruize AA, Radstake TRDJ, van Roon JAG. Leflunomide-hydroxychloroquine combination
therapy in patients with primary Sjégren's syndrome (RepurpSS-I): a placebo-
controlled, double-blinded, randomised clinical trial. Lancet Rheumatol. 2020
May;2(5):e260-e269. doi: 10.1016/S2665-9913(20)30057-6. Epub 2020 Mar 26.
PMID: 38273473.

158. Dass S, Bowman SJ, Vital EM, Ikeda K, Pease CT, Hamburger J, Richards A, Rauz
S, Emery P. Reduction of fatigue in Sjoégren syndrome with rituximab: results of a
randomised, double-blind, placebo-controlled pilot study. Ann Rheum Dis. 2008
Nov;67(11):1541-4. doi: 10.1136/ard.2007.083865. Epub 2008 Feb 14. PMID:
18276741.

159. Meiners PM, Arends S, Meijer JM, Moerman RV, Spijkervet FK, Vissink A, Bootsma
H. Efficacy of retreatment with rituximab in patients with primary Sjégren's syndrome.
Clin Exp Rheumatol. 2015 May-Jun;33(3):443-4. Epub 2015 Apr 16. PMID: 25897541.

160. Seror R, Sordet C, Guillevin L, Hachulla E, Masson C, Ittah M, Candon S, Le Guern
V, Aouba A, Sibilia J, Gottenberg JE, Mariette X. Tolerance and efficacy of rituximab and
changes in serum B cell biomarkers in patients with systemic complications of primary
Sjoégren's  syndrome. Ann Rheum Dis. 2007 Mar;66(3):351-7. doi:
10.1136/ard.2006.057919. Epub 2006 Sep 1. PMID: 16950808; PMCID: PMC1856024.

161. Meiners PM, Arends S, Brouwer E, Spijkervet FK, Vissink A, Bootsma H.
Responsiveness of disease activity indices ESSPRI and ESSDAI in patients with primary
Sjégren's syndrome treated with rituximab. Ann Rheum Dis. 2012 Aug;71(8):1297-
302. doi: 10.1136/annrheumdis-2011-200460. Epub 2012 Jan 17. PMID: 22258489.

162. Devauchelle-Pensec V, Mariette X, Jousse-Joulin S, Berthelot JM, Perdriger A,
Puéchal X, Le Guern V, Sibilia J, Gottenberg JE, Chiche L, Hachulla E, Hatron PY, Goeb
V, Hayem G, Morel J, Zarnitsky C, Dubost 1], Pers JO, Nowak E, Saraux A. Treatment
of primary Sjégren syndrome with rituximab: a randomized trial. Ann Intern Med. 2014
Feb 18;160(4):233-42. doi: 10.7326/M13-1085. PMID: 24727841.

163. Baer AN, Gottenberg JE, St Clair EW, Sumida T, Takeuchi T, Seror R, Foulks G,
Nys M, Mukherjee S, Wong R, Ray N, Bootsma H. Efficacy and safety of abatacept in
active primary Sjogren's syndrome: results of a phase III, randomised, placebo-
controlled trial. Ann Rheum Dis. 2021 Mar;80(3):339-348. doi: 10.1136/annrheumdis-
2020-218599. Epub 2020 Nov 9. PMID: 33168545; PMCID: PMC7892395.

59



164. Fisher BA, Szanto A, Ng WF, Bombardieri M, Posch MG, Papas AS, Farag AM,
Daikeler T, Bannert B, Kyburz D, Kivitz AJ, Carsons SE, Isenberg DA, Barone F, Bowman
SJ], Espié P, Floch D, Dupuy C, Ren X, Faerber PM, Wright AM, Hockey HU, Rotte M,
Milojevic J, Avrameas A, Valentin MA, Rush ]S, Gergely P. Assessment of the anti-CD40
antibody iscalimab in patients with primary Sjégren's syndrome: a multicentre,
randomised, double-blind, placebo-controlled, proof-of-concept study. Lancet
Rheumatol. 2020 Mar;2(3):e142-e152. doi: 10.1016/S2665-9913(19)30135-3. Epub
2020 Jan 23. PMID: 38263652.

165. Bowman SJ], Fox R, Dérner T, Mariette X, Papas A, Grader-Beck T, Fisher BA,
Barcelos F, De Vita S, Schulze-Koops H, Moots RJ, Junge G, Woznicki JN, Sopala MA,
Luo WL, Hueber W. Safety and efficacy of subcutaneous ianalumab (VAY736) in patients
with primary Sjoégren's syndrome: a randomised, double-blind, placebo-controlled,
phase 2b dose-finding trial. Lancet. 2022 Jan 8;399(10320):161-171. doi:
10.1016/S0140-6736(21)02251-0. Epub 2021 Nov 30. PMID: 34861168.

166. Distler O, Highland KB, Gahlemann M, Azuma A, Fischer A, Mayes MD, Raghu G,
Sauter W, Girard M, Alves M, Clerisme-Beaty E, Stowasser S, Tetzlaff K, Kuwana M,
Maher TM; SENSCIS Trial Investigators. Nintedanib for Systemic Sclerosis-Associated
Interstitial Lung Disease. N Engl J Med. 2019 Jun 27;380(26):2518-2528. doi:
10.1056/NEJM0a1903076. Epub 2019 May 20. PMID: 31112379.

167. Highland KB, Distler O, Kuwana M, Allanore Y, Assassi S, Azuma A, Bourdin A,
Denton CP, Distler JHW, Hoffmann-Vold AM, Khanna D, Mayes MD, Raghu G, Vonk MC,
Gahlemann M, Clerisme-Beaty E, Girard M, Stowasser S, Zoz D, Maher TM; SENSCIS
trial investigators. Efficacy and safety of nintedanib in patients with systemic sclerosis-
associated interstitial lung disease treated with mycophenolate: a subgroup analysis of
the SENSCIS trial. Lancet Respir Med. 2021 Jan;9(1):96-106. doi: 10.1016/S2213-
2600(20)30330-1. PMID: 33412120.

168. Assassi S, Distler O, Allanore Y, Ogura T, Varga J, Vettori S, Crestani B, Voss F,
Alves M, Stowasser S, Maher TM; SENSCIS trial investigators. Effect of Nintedanib on
Progression of Systemic Sclerosis-Associated Interstitial Lung Disease Over 100 Weeks:
Data From a Randomized Controlled Trial. ACR Open Rheumatol. 2022 Oct;4(10):837-
844. doi: 10.1002/acr2.11483. Epub 2022 Jul 19. PMID: 35852465; PMCID:
PMC9555199.

169. Sullivan KM, Goldmuntz EA, Keyes-Elstein L, McSweeney PA, Pinckney A, Welch B,
Mayes MD, Nash RA, Crofford L], Eggleston B, Castina S, Griffith LM, Goldstein ]S,
Wallace D, Craciunescu O, Khanna D, Folz R], Goldin J, St Clair EW, Seibold JR, Phillips
K, Mineishi S, Simms RW, Ballen K, Wener MH, Georges GE, Heimfeld S, Hosing C,
Forman S, Kafaja S, Silver RM, Griffing L, Storek ], LeClercq S, Brasington R, Csuka ME,
Bredeson C, Keever-Taylor C, Domsic RT, Kahaleh MB, Medsger T, Furst DE; SCOT
Study Investigators. Myeloablative Autologous Stem-Cell Transplantation for Severe
Scleroderma. N Engl J Med. 2018 Jan 4;378(1):35-47. doi: 10.1056/nejmoal703327.
PMID: 29298160; PMCID: PMC5846574.

170. Allanore Y, Wung P, Soubrane C, Esperet C, Marrache F, Bejuit R, Lahmar A,
Khanna D, Denton CP; Investigators. A randomised, double-blind, placebo-controlled,
24-week, phase II, proof-of-concept study of romilkimab (SAR156597) in early diffuse
cutaneous systemic sclerosis. Ann Rheum Dis. 2020 Dec;79(12):1600-1607. doi:
10.1136/annrheumdis-2020-218447. Epub 2020 Sep 22. PMID: 32963047; PMCID:
PMC7677494.

60



171. Khanna D, Allanore Y, Denton CP, Kuwana M, Matucci-Cerinic M, Pope JE, Atsumi
T, Bec¢var R, Czirjdk L, Hachulla E, Ishii T, Ishikawa O, Johnson SR, De Langhe E,
Stagnaro C, Riccieri V, Schiopu E, Silver RM, Smith V, Steen V, Stevens W, Szics G,
Truchetet ME, Wosnitza M, Laapas K, de Oliveira Pena ], Yao Z, Kramer F, Distler O.
Riociguat in patients with early diffuse cutaneous systemic sclerosis (RISE-SSc):
randomised, double-blind, placebo-controlled multicentre trial. Ann Rheum Dis. 2020
May;79(5):618-625. doi: 10.1136/annrheumdis-2019-216823. PMID: 32299845;
PMCID: PMC7213318.

172. Tashkin DP, Elashoff R, Clements PJ, Roth MD, Furst DE, Silver RM, Goldin ], Arriola
E, Strange C, Bolster MB, Seibold JR, Riley D], Hsu VM, Varga J, Schraufnagel D,
Theodore A, Simms R, Wise R, Wigley F, White B, Steen V, Read C, Mayes M, Parsley
E, Mubarak K, Connolly MK, Golden ], Olman M, Fessler B, Rothfield N, Metersky M,
Khanna D, Li N, Li G; Scleroderma Lung Study Research Group. Effects of 1-year
treatment with cyclophosphamide on outcomes at 2 years in scleroderma lung disease.
Am J Respir Crit Care Med. 2007 Nov 15;176(10):1026-34. doi: 10.1164/rccm.200702-
3260C. Epub 2007 Aug 23. PMID: 17717203; PMCID: PMC2078679.

173. Roth MD, Tseng CH, Clements PJ, Furst DE, Tashkin DP, Goldin ]G, Khanna D,
Kleerup EC, Li N, Elashoff D, Elashoff RM; Scleroderma Lung Study Research Group.
Predicting treatment outcomes and responder subsets in scleroderma-related interstitial
lung disease. Arthritis Rheum. 2011 Sep;63(9):2797-808. doi: 10.1002/art.30438.
PMID: 21547897; PMCID: PMC3910296.

174. Khanna D, Lin CJF, Furst DE, Goldin J, Kim G, Kuwana M, Allanore Y, Matucci-
Cerinic M, Distler O, Shima Y, van Laar JM, Spotswood H, Wagner B, Siegel ], Jahreis
A, Denton CP; focuSSced investigators. Tocilizumab in systemic sclerosis: a
randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Respir Med. 2020
Oct;8(10):963-974. doi: 10.1016/52213-2600(20)30318-0. Epub 2020 Aug 28.
Erratum in: Lancet Respir Med. 2020 Oct;8(10):e75. Erratum in: Lancet Respir Med.
2021 Mar;9(3):e29. PMID: 32866440.

175. Assassi S, Li N, Volkmann ER, Mayes MD, Ringer D, Ying J, Roth MD, Hinchcliff M,
Khanna D, Frech T, Clements PJ, Furst DE, Goldin J, Bernstein EJ, Castelino FV, Domsic
RT, Gordon JK, Hant FN, Shah AA, Shanmugam VK, Steen VD, Elashoff RM, Tashkin DP.
Predictive Significance of Serum Interferon-Inducible Protein Score for Response to
Treatment in Systemic Sclerosis-Related Interstitial Lung Disease. Arthritis Rheumatol.
2021 Jun;73(6):1005-1013. doi: 10.1002/art.41627. Epub 2021 Apr 20. PMID:
33350170; PMCID: PMC8169525.

176. Govoni M, Bortoluzzi A, Rossi D, Modena V. How I treat patients with adult onset
Still's disease in clinical practice. Autoimmun Rev. 2017 Oct;16(10):1016-1023. doi:
10.1016/j.autrev.2017.07.017. Epub 2017 Aug 1. PMID: 28778712.

177. Ma Y, Meng J, Jia J, Wang M, Teng ], Zhu D, Yang C, Hu Q. Current and emerging
biological therapy in adult-onset Still's disease. Rheumatology (Oxford). 2021 Sep
1;60(9):3986-4000. doi: 10.1093/rheumatology/keab485. PMID: 34117886; PMCID:
PMC84100009.

178. Di Cola I, Ruscitti P. The latest advances in the use of biological DMARDs to treat
Still's disease. Expert Opin Biol Ther. 2024 Jan-Feb;24(1-2):63-75. doi:
10.1080/14712598.2024.2307340. Epub 2024 Feb 4. PMID: 38284774.

61



179. Ruscitti P, McGonagle D, Garcia VC, Rabijns H, Toennessen K, Chappell M, Edwards
M, Miller P, Hansell N, Moss J, Graziadio S, Feist E. Systematic review and meta-analysis
of pharmacological interventions in adult-onset Still's disease highlights the beneficial
role of biologic DMARDs. J Rheumatol. 2024 Feb 1:jrheum.2023-0995. doi:
10.3899/jrheum.2023-0995. Epub ahead of print. PMID: 38302170.

180. Giacomelli R, Caporali R, Ciccia F, Colafrancesco S, Dagna L, Govoni M, Iannone
F, Leccese P, Montecucco C, Pappagallo G, Pistone G, Priori R, Ruscitti P, Sfriso P,
Cantarini L; Expert Panel. Expert consensus on the treatment of patients with adult-
onset still's disease with the goal of achieving an early and long-term remission.
Autoimmun Rev. 2023 Dec;22(12):103400. doi: 10.1016/j.autrev.2023.103400. Epub
2023 Jul 22. PMID: 37482365.

181. Husni ME, Maier AL, Mease PJ], Overman SS, Fraser P, Gravallese EM, Weinblatt
ME. Etanercept in the treatment of adult patients with Still's disease. Arthritis Rheum.
2002 May;46(5):1171-6. doi: 10.1002/art.10231. PMID: 12115220.

182. Nordstrédm D, Knight A, Luukkainen R, van Vollenhoven R, Rantalaiho V, Kajalainen
A, Brun JG, Proven A, Ljung L, Kautiainen H, Pettersson T. Beneficial effect of interleukin
1 inhibition with anakinra in adult-onset Still's disease. An open, randomized,
multicenter study. ] Rheumatol. 2012 Oct;39(10):2008-11. doi:
10.3899/jrheum.111549. Epub 2012 Aug 1. PMID: 22859346.

183. Kedor C, Listing J, Zernicke ], WeiB A, Behrens F, Blank N, Henes JC, Kekow J,
Rubbert-Roth A, Schulze-Koops H, Seipelt E, Specker C, Feist E. Canakinumab for
Treatment of Adult-Onset Still's Disease to Achieve Reduction of Arthritic Manifestation
(CONSIDER): phase II, randomised, double-blind, placebo-controlled, multicentre,
investigator-initiated trial. Ann Rheum Dis. 2020 Aug;79(8):1090-1097. doi:
10.1136/annrheumdis-2020-217155. Epub 2020 May 13. PMID: 32404342; PMCID:
PMC7392486.

184. Kaneko Y, Kameda H, Ikeda K, Ishii T, Murakami K, Takamatsu H, Tanaka Y, Abe
T, Takeuchi T. Tocilizumab in patients with adult-onset still's disease refractory to
glucocorticoid treatment: a randomised, double-blind, placebo-controlled phase III trial.
Ann Rheum Dis. 2018 Dec;77(12):1720-1729. doi: 10.1136/annrheumdis-2018-
213920. Epub 2018 Oct 2. PMID: 30279267.

185. Gabay C, Fautrel B, Rech J, Spertini F, Feist E, Kbétter I, Hachulla E, Morel J,
Schaeverbeke T, Hamidou MA, Martin T, Hellmich B, Lamprecht P, Schulze-Koops H,
Courvoisier DS, Sleight A, Schiffrin EJ. Open-label, multicentre, dose-escalating phase
IT clinical trial on the safety and efficacy of tadekinig alfa (IL-18BP) in adult-onset Still's
disease. Ann Rheum Dis. 2018 Jun;77(6):840-847. doi: 10.1136/annrheumdis-2017-
212608. Epub 2018 Feb 22. PMID: 29472362; PMCID: PMC5965361.

186. Fautrel B, Sibilia J, Mariette X, Combe B; Club Rhumatismes et Inflammation.
Tumour necrosis factor alpha blocking agents in refractory adult Still's disease: an
observational study of 20 cases. Ann Rheum Dis. 2005 Feb;64(2):262-6. doi:
10.1136/ard.2004.024026. Epub 2004 Jun 7. PMID: 15184196; PMCID: PMC1755371.

187. Giacomelli R, Sota ], Ruscitti P, Campochiaro C, Colafrancesco S, Dagna L, Iacono
D, Iannone F, Lopalco G, Sfriso P, Cantarini L. The treatment of adult-onset Still's
disease with anakinra, a recombinant human IL-1 receptor antagonist: a systematic

62



review of literature. Clin Exp Rheumatol. 2021 Jan-Feb;39(1):187-195. doi:
10.55563/clinexprheumatol/fsq5vq. Epub 2020 May 12. PMID: 32452353.

188. Ruscitti P, Ursini F, Sota ], De Giorgio R, Cantarini L, Giacomelli R. The reduction
of concomitant glucocorticoids dosage following treatment with IL-1 receptor antagonist
in adult onset Still's disease. A systematic review and meta-analysis of observational
studies. Ther Adv Musculoskelet Dis. 2020 Jun 17;12:1759720X20933133. doi:
10.1177/1759720X20933133. PMID: 32595777; PMCID: PMC7301658.

189. Kedor C, Tomaras S, Baeumer D, Feist E. Update on the therapy of adult-onset
Still's disease with a focus on IL-1-inhibition: a systematic review. Ther Adv
Musculoskelet Dis. 2021 Nov 24;13:1759720X211059598. doi:
10.1177/1759720X211059598. PMID: 34868356; PMCID: PMC8641116.

190. Feist E, Mitrovic S, Fautrel B. Mechanisms, biomarkers and targets for adult-onset
Still's disease. Nat Rev Rheumatol. 2018 Oct;14(10):603-618. doi: 10.1038/s41584-
018-0081-x. PMID: 30218025; PMCID: PMC70973009.

191. Ihim SA, Abubakar SD, Zian Z, Sasaki T, Saffarioun M, Maleknia S, Azizi G.
Interleukin-18 cytokine in immunity, inflammation, and autoimmunity: Biological role
in induction, regulation, and treatment. Front Immunol. 2022 Aug 11;13:919973. doi:
10.3389/fimmu.2022.919973. PMID: 36032110; PMCID: PMC9410767.

192. Girard-Guyonvarc'h C, Harel M, Gabay C. The Role of Interleukin 18/Interleukin
18-Binding Protein in Adult-Onset Still's Disease and Systemic Juvenile Idiopathic
Arthritis. J Clin Med. 2022 Jan 15;11(2):430. doi: 10.3390/jcm11020430. PMID:
35054124; PMCID: PMC8781628.

193. Kiltz U, Kiefer D, Braun J, Schiffrin EJ, Girard-Guyonvarc'h C, Gabay C. Prolonged
treatment with Tadekinig alfa in adult-onset Still's disease. Ann Rheum Dis. 2020
Jan;79(1):e10. doi: 10.1136/annrheumdis-2018-214496. Epub 2018 Oct 23. PMID:
30352887.

194, Castaifieda S, Martinez-Quintanilla D, Martin-Varillas JL, Garcia-Castaneda N,
Atienza-Mateo B, Gonzdlez-Gay MA. Tocilizumab for the treatment of adult-onset Still's
disease. Expert Opin Biol Ther. 2019 Apr;19(4):273-286. doi:
10.1080/14712598.2019.1590334. PMID: 30827128.

195. Vastert SJ, Jamilloux Y, Quartier P, Ohlman S, Osterling Koskinen L, Kullenberg T,
Franck-Larsson K, Fautrel B, de Benedetti F. Anakinra in children and adults with Still's
disease. Rheumatology (Oxford). 2019 Nov 1;58(Suppl 6):vi9-vi22. doi:
10.1093/rheumatology/kez350. PMID: 31769856; PMCID: PMC6878842.

196. Ter Haar NM, van Dijkhuizen EHP, Swart JF, van Royen-Kerkhof A, El Idrissi A,
Leek AP, de Jager W, de Groot MCH, Haitjema S, Holzinger D, Foell D, van Loosdregt J,
Wulffraat NM, de Roock S, Vastert SJ. Treatment to Target Using Recombinant
Interleukin-1 Receptor Antagonist as First-Line Monotherapy in New-Onset Systemic
Juvenile Idiopathic Arthritis: Results From a Five-Year Follow-Up Study. Arthritis
Rheumatol. 2019 Jul;71(7):1163-1173. doi: 10.1002/art.40865. Epub 2019 May 25.
PMID: 30848528; PMCID: PMC6617757.

63



197. Gerfaud-Valentin M, Jamilloux Y, Iwaz J, Séve P. Adult-onset Still's disease.
Autoimmun Rev. 2014 Jul;13(7):708-22. doi: 10.1016/j.autrev.2014.01.058. Epub
2014 Mar 19. PMID: 24657513.

198. Maria AT, Le Quellec A, Jorgensen C, Touitou I, Riviere S, Guilpain P. Adult onset
Still's disease (AOSD) in the era of biologic therapies: dichotomous view for cytokine
and clinical expressions. Autoimmun Rev. 2014 Nov;13(11):1149-59. doi:
10.1016/j.autrev.2014.08.032. Epub 2014 Aug 27. PMID: 25183244.

199. Ruscitti P, Berardicurti O, Giacomelli R, Cipriani P. The clinical heterogeneity of
adult onset Still's disease may underlie different pathogenic mechanisms. Implications
for a personalised therapeutic management of these patients. Semin Immunol. 2021
Dec;58:101632. doi: 10.1016/j.smim.2022.101632. Epub 2022 Jul 1. PMID: 35787972.

200. Mitrovic S, Fautrel B. Clinical Phenotypes of Adult-Onset Still's Disease: New
Insights from Pathophysiology and Literature Findings. J Clin Med. 2021 Jun
15;10(12):2633. doi: 10.3390/jcm10122633. PMID: 34203779; PMCID: PMC8232697.

201. Berardicurti O, Conforti A, Iacono D, Pantano I, Caso F, Emmi G, Grembiale RD,
Cantatore FP, Atzeni F, Perosa F, Scarpa R, Guggino G, Ciccia F, Giacomelli R, Cipriani
P, Ruscitti P. Dissecting the clinical heterogeneity of adult-onset Still's disease: results
from a multi-dimensional characterization and stratification. Rheumatology (Oxford).
2021 Oct 2;60(10):4844-4849. doi: 10.1093/rheumatology/keaa904. PMID:
33404641.

202. Ruscitti P, Giacomelli R. Pathogenesis of adult onset still's disease: current
understanding and new insights. Expert Rev Clin Immunol. 2018 Nov;14(11):965-976.
doi: 10.1080/1744666X.2018.1533403. Epub 2018 Oct 12. PMID: 30295095.

203. Ruscitti P, Ursini F, Cipriani P, De Sarro G, Giacomelli R. Biologic drugs in adult
onset Still's disease: a systematic review and meta-analysis of observational studies.
Expert Rev Clin Immunol. 2017 Nov;13(11):1089-1097. doi:
10.1080/1744666X.2017.1375853. Epub 2017 Sep 21. PMID: 28870100.

204. Ruscitti P, Cipriani P, Liakouli V, Guggino G, Carubbi F, Berardicurti O, Ciccia F,
Giacomelli R. Managing Adult-onset Still's disease: The effectiveness of high-dosage of
corticosteroids as first-line treatment in inducing the clinical remission. Results from an
observational study. Medicine (Baltimore). 2019 Apr;98(15):e15123. doi:
10.1097/MD.0000000000015123. PMID: 30985672; PMCID: PMC6485786.

205. Mitrovic S, Fautrel B. Complications of adult-onset Still's disease and their
management. Expert Rev Clin Immunol. 2018 May;14(5):351-365. doi:
10.1080/1744666X.2018.1465821. Epub 2018 Apr 26. PMID: 29658384.

206. Ruscitti P, Cipriani P, Ciccia F, Masedu F, Liakouli V, Carubbi F, Berardicurti O,
Guggino G, Di Benedetto P, Di Bartolomeo S, Valenti M, Triolo G, Giacomelli R.
Prognostic factors of macrophage activation syndrome, at the time of diagnosis, in adult
patients affected by autoimmune disease: Analysis of 41 cases collected in 2
rheumatologic centers. Autoimmun Rev. 2017 Jan;16(1):16-21. doi:
10.1016/j.autrev.2016.09.016. Epub 2016 Sep 21. PMID: 27664384.

207. Ruscitti P, Berardicurti O, Iacono D, Pantano I, Liakouli V, Caso F, Emmi G,
Grembiale RD, Cantatore FP, Atzeni F, Perosa F, Scarpa R, Guggino G, Ciccia F, Barile

64



A, Cipriani P, Giacomelli R. Parenchymal lung disease in adult onset Still's disease: an
emergent marker of disease severity-characterisation and predictive factors from
Gruppo Italiano di Ricerca in Reumatologia Clinica e Sperimentale (GIRRCS) cohort of
patients. Arthritis Res Ther. 2020 Jun 22;22(1):151. doi: 10.1186/s13075-020-02245-
5. PMID: 32571407; PMCID: PMC7310010.

208. Takakuwa Y, Hanaoka H, Kiyokawa T, Iida H, Ishimori K, Uekusa T, Yamada H,
Kawahata K. Adult-onset Still's disease-associated interstitial lung disease represents
severe phenotype of the disease with higher rate of haemophagocytic syndrome and
relapse. Clin Exp Rheumatol. 2019 Nov-Dec;37 Suppl 121(6):23-27. Epub 2019 Feb 11.
PMID: 30767871.

209. Gerfaud-Valentin M, Cottin V, Jamilloux Y, Hot A, Gaillard-Coadon A, Durieu I,
Broussolle C, Iwaz J, Séve P. Parenchymal lung involvement in adult-onset Still disease:
A STROBE-compliant case series and literature review. Medicine (Baltimore). 2016
Jul;95(30):e4258. doi: 10.1097/MD.0000000000004258. PMID: 27472698; PMCID:
PMC5265835.

210. Ramos-Casals M, Brito-Zerdn P, Lépez-Guillermo A, Khamashta MA, Bosch X. Adult
haemophagocytic syndrome. Lancet. 2014 Apr 26;383(9927):1503-1516. doi:
10.1016/50140-6736(13)61048-X. Epub 2013 Nov 27. Erratum in: Lancet. 2014 Apr
26;383(9927):1464. PMID: 24290661.

211. McGonagle D, Ramanan AV, Bridgewood C. Immune cartography of macrophage
activation syndrome in the COVID-19 era. Nat Rev Rheumatol. 2021 Mar;17(3):145-
157. doi: 10.1038/s41584-020-00571-1. Epub 2021 Feb 5. PMID: 33547426; PMCID:
PMC7863615.

212. Behrens EM, Beukelman T, Paessler M, Cron RQ. Occult macrophage activation
syndrome in patients with systemic juvenile idiopathic arthritis. J Rheumatol. 2007
May;34(5):1133-8. Epub 2007 Mar 1. PMID: 17343315.

213. Minoia F, Bovis F, Davi S, Horne A, Fischbach M, Frosch M, Huber A, Jelusic M,
Sawhney S, McCurdy DK, Silva CA, Rigante D, Unsal E, Ruperto N, Martini A, Cron RQ,
Ravelli A; Pediatric Rheumatology International Trials Organization, the Childhood
Arthritis & Rheumatology Research Alliance, the Pediatric Rheumatology Collaborative
Study Group and the Histiocyte Society. Development and initial validation of the MS
score for diagnosis of macrophage activation syndrome in systemic juvenile idiopathic
arthritis. Ann Rheum Dis. 2019 Oct;78(10):1357-1362. doi: 10.1136/annrheumdis-
2019-215211. Epub 2019 Jul 11. PMID: 31296501.

214. Ruscitti P, Cipriani P, Masedu F, Iacono D, Ciccia F, Liakouli V, Guggino G, Carubbi
F, Berardicurti O, Di Benedetto P, Valenti M, Triolo G, Valentini G, Giacomelli R. Adult-
onset Still's disease: evaluation of prognostic tools and validation of the systemic score
by analysis of 100 cases from three centers. BMC Med. 2016 Dec 1;14(1):194. doi:
10.1186/s12916-016-0738-8. PMID: 27903264; PMCID: PMC5131497.

215. Ruscitti P, Iacono D, Ciccia F, Emmi G, Cipriani P, Grembiale RD, Perosa F, Emmi
L, Triolo G, Giacomelli R, Valentini G. Macrophage Activation Syndrome in Patients
Affected by Adult-onset Still Disease: Analysis of Survival Rates and Predictive Factors
in the Gruppo Italiano di Ricerca in Reumatologia Clinica e Sperimentale Cohort. ]
Rheumatol. 2018 Jun;45(6):864-872. doi: 10.3899/jrheum.170955. Epub 2018 Apr 15.
PMID: 29657144.

65



216. Lenert A, Yao Q. Macrophage activation syndrome complicating adult onset Still's
disease: A single center case series and comparison with literature. Semin Arthritis
Rheum. 2016 Jun;45(6):711-6. doi: 10.1016/j.semarthrit.2015.11.002. Epub 2015 Nov
10. PMID: 26672682.

217. Wu J, Sun L, Tang X, Zheng Q, Guo L, Xu L, Li Y, Lu M. Effective therapy of
tocilizumab on systemic juvenile idiopathic arthritis-associated refractory macrophage
activation syndrome. Mod Rheumatol. 2022 Oct 15;32(6):1114-1121. doi:
10.1093/mr/roab119. PMID: 34971386.

218. Wang R, Li T, Ye S, Lv L, Chen S, Wang X, Bao CD, Fu Q. Short-term, low-dose
etoposide in refractory adult-onset Still's disease-associated macrophage activation
syndrome. Clin Rheumatol. 2022 Sep;41(9):2817-2823. doi: 10.1007/s10067-022-
06184-1. Epub 2022 May 19. PMID: 35590113.

219. Horne A, von Bahr Greenwood T, Chiang SCC, Meeths M, Bjérklund C, Ekelund M,
Erensjoé P, Berg S, Hagelberg S, Bryceson YT, Andersson U, Henter JI. Efficacy of
Moderately Dosed Etoposide in Macrophage Activation Syndrome-Hemophagocytic
Lymphohistiocytosis. ] Rheumatol. 2021 Oct;48(10):1596-1602. doi:
10.3899/jrheum.200941. Epub 2021 Feb 15. PMID: 33589555.

220. Locatelli F, Jordan MB, Allen C, Cesaro S, Rizzari C, Rao A, Degar B, Garrington
TP, Sevilla ], Putti MC, Fagioli F, Ahlmann M, Dapena Diaz JL, Henry M, De Benedetti F,
Grom A, Lapeyre G, Jacgmin P, Ballabio M, de Min C. Emapalumab in Children with
Primary Hemophagocytic Lymphohistiocytosis. N Engl J Med. 2020 May
7;382(19):1811-1822. doi: 10.1056/NEJM0al1911326. PMID: 32374962.

221. De Benedetti F, Grom AA, Brogan PA, Bracaglia C, Pardeo M, Marucci G, Eleftheriou
D, Papadopoulou C, Schulert GS, Quartier P, Antdn J, Laveille C, Frederiksen R, Asnaghi
V, Ballabio M, Jacgmin P, de Min C. Efficacy and safety of emapalumab in macrophage
activation syndrome. Ann Rheum Dis. 2023 Jun;82(6):857-865. doi: 10.1136/ard-
2022-223739. Epub 2023 Mar 31. PMID: 37001971; PMCID: PMC10314091.

222. Nikiforow S. The Role of Hematopoietic Stem Cell Transplantation in Treatment of
Hemophagocytic Lymphohistiocytosis. Hematol Oncol Clin North Am. 2015
Oct;29(5):943-59. doi: 10.1016/j.hoc.2015.06.011. PMID: 26461153.

223. Saper VE, Chen G, Deutsch GH, Guillerman RP, Birgmeier J, Jagadeesh K, Canna
S, Schulert G, Deterding R, Xu J, Leung AN, Bouzoubaa L, Abulaban K, Baszis K, Behrens
EM, Birmingham ], Casey A, Cidon M, Cron RQ, De A, De Benedetti F, Ferguson I,
Fishman MP, Goodman SI, Graham TB, Grom AA, Haines K, Hazen M, Henderson LA,
Ho A, Ibarra M, Inman CJ, Jerath R, Khawaja K, Kingsbury DJ, Klein-Gitelman M, Lai K,
Lapidus S, Lin C, Lin J, Liptzin DR, Milojevic D, Mombourquette J, Onel K, Ozen S, Perez
M, Phillippi K, Prahalad S, Radhakrishna S, Reinhardt A, Riskalla M, Rosenwasser N,
Roth ], Schneider R, Schonenberg-Meinema D, Shenoi S, Smith JA, Sénmez HE, Stoll
ML, Towe C, Vargas SO, Vehe RK, Young LR, Yang ], Desai T, Balise R, Lu Y, Tian L,
Bejerano G, Davis MM, Khatri P, Mellins ED; Childhood Arthritis and Rheumatology
Research Alliance Registry Investigators. Emergent high fatality lung disease in
systemic juvenile arthritis. Ann Rheum Dis. 2019 Dec;78(12):1722-1731. doi:
10.1136/annrheumdis-2019-216040. Epub 2019 Sep 27. Erratum in: Ann Rheum Dis.
2022 Feb;81(2):e35. PMID: 31562126; PMCID: PMC7065839.

66



224, Schulert GS, Yasin S, Carey B, Chalk C, Do T, Schapiro AH, Husami A, Watts A,
Brunner HI, Huggins J, Mellins ED, Morgan EM, Ting T, Trapnell BC, Wikenheiser-
Brokamp KA, Towe C, Grom AA. Systemic Juvenile Idiopathic Arthritis-Associated Lung
Disease: Characterization and Risk Factors. Arthritis Rheumatol. 2019
Nov;71(11):1943-1954. doi: 10.1002/art.41073. Epub 2019 Oct 1. PMID: 31379071;
PMCID: PMC6817389.

225. Ruscitti P, Bruno F, Berardicurti O, Acanfora C, Pavlych V, Palumbo P, Conforti A,
Carubbi F, Di Cola I, Di Benedetto P, Cipriani P, Grassi D, Masciocchi C, Iagnocco A,
Barile A, Giacomelli R. Lung involvement in macrophage activation syndrome and severe
COVID-19: results from a cross-sectional study to assess clinical, laboratory and
artificial intelligence-radiological differences. Ann Rheum Dis. 2020 Sep;79(9):1152-
1155. doi: 10.1136/annrheumdis-2020-218048. Epub 2020 Jul 21. PMID: 32719039;
PMCID: PMC7456556.

226. Binstadt BA, Nigrovic PA. The Conundrum of Lung Disease and Drug
Hypersensitivity-like Reactions in Systemic Juvenile Idiopathic Arthritis. Arthritis
Rheumatol. 2022 Jul;74(7):1122-1131. doi: 10.1002/art.42137. Epub 2022 May 29.
PMID: 35413159; PMCID: PMC9367674.

227. Mitrovic S, Fautrel B. New Markers for Adult-Onset Still's Disease. Joint Bone Spine.
2018 May;85(3):285-293. doi: 10.1016/j.jbspin.2017.05.011. Epub 2017 May 18.
PMID: 28529117.

228. Fautrel B, Le Moél G, Saint-Marcoux B, Taupin P, Vighes S, Rozenberg S, Koeger
AC, Meyer O, Guillevin L, Piette ]JC, Bourgeois P. Diagnostic value of ferritin and
glycosylated ferritin in adult onset Still's disease. J Rheumatol. 2001 Feb;28(2):322-9.
PMID: 11246670.

228. Sagy I, Finkel-Oron A, Naamany E, Barski L, Abu-Shakra M, Molad Y, Shiber S.
Diagnostic utility of clinical characteristics, laboratory tests, and serum ferritin in
diagnosis of adult-onset Still disease. Medicine (Baltimore). 2022 Aug
26;101(34):e30152. doi: 10.1097/MD.0000000000030152. PMID: 36042585; PMCID:
PMC9410682.

229. Lian F, Wang Y, Yang X, Xu H, Liang L. Clinical features and hyperferritinemia
diagnostic cutoff points for AOSD based on ROC curve: a Chinese experience.
Rheumatol Int. 2012 Jan;32(1):189-92. doi: 10.1007/s00296-010-1601-4. Epub 2010
Aug 27. PMID: 20798946.

230. Yin R, Wang G, Yang X, Zhang L, Wang S, Li T, Liu S. Identification of prognostic
factors and construction of a nomogram for patients with relapse/refractory adult-onset
Still's disease. Clin Rheumatol. 2021 Oct;40(10):3951-3960. doi: 10.1007/s10067-
021-05722-7. Epub 2021 May 18. Erratum in: Clin Rheumatol. 2021 Jul 28;: PMID:
34002352.

231. Kim JW, Jung JY, Suh CH, Kim HA. Systemic immune-inflammation index combined
with ferritin can serve as a reliable assessment score for adult-onset Still's disease. Clin
Rheumatol. 2021 Feb;40(2):661-668. doi: 10.1007/s10067-020-05266-2. Epub 2020
Jul 4. PMID: 32623648.

232. Zhang W, Yang T, Zhang H, Xu Y, Yang Q, Liu Q, Gao Y, Wu ], Shao L, Zhang W.
Biomarker screening and validation for the differentiation of bloodstream infection from

67



adult-onset Still's disease: A prospective cohort study. Cytokine. 2021 Oct;146:155642.
doi: 10.1016/j.cyto0.2021.155642. Epub 2021 Jul 26. PMID: 34325118.

233. Ichida H, Kawaguchi Y, Sugiura T, Takagi K, Katsumata Y, Gono T, Ota Y, Kataoka
S, Kawasumi H, Yamanaka H. Clinical manifestations of Adult-onset Still's disease
presenting with erosive arthritis: Association with low levels of ferritin and Interleukin-
18. Arthritis Care Res (Hoboken). 2014 Apr;66(4):642-6. doi: 10.1002/acr.22194.
PMID: 24124073.

234. Ruscitti P, Di Cola I, Di Muzio C, Italiano N, Ursini F, Giacomelli R, Cipriani P.
Expanding the spectrum of the hyperferritinemic syndrome, from pathogenic
mechanisms to clinical observations, and therapeutic implications. Autoimmun Rev.
2022 Jul;21(7):103114. doi: 10.1016/j.autrev.2022.103114. Epub 2022 May 17. PMID:
35595050.

235. Berardicurti O, Navarini L, Vomero M, Currado D, Biaggi A, Marino A, Bearzi P,
Corberi E, Rigon A, Arcarese L, Vadacca M, Mattei A, Agro FE, Incalzi RA, Sambuco F,
Travaglino F, Ruscitti P, Cipriani P, Giacomelli R. The similar expression of both ferritin
and scavenger receptors activation genes in patients with COVID19 and AOSD support
their role in the pathogenesis of these diseases and identify a common mechanism at
the basis of the "hyperferritinemic syndromes". Autoimmun Rev. 2023
May;22(5):103309. doi: 10.1016/j.autrev.2023.103309. Epub 2023 Mar 6. PMID:
36889656; PMCID: PMC9986116.

236. Priori R, Colafrancesco S, Alessandri C, Minniti A, Perricone C, Iaiani G, Palazzo D,
Valesini G. Interleukin 18: a biomarker for differential diagnosis between adult-onset
Still's disease and sepsis. J Rheumatol. 2014 Jun;41(6):1118-23. doi:
10.3899/jrheum.130575. Epub 2014 May 1. PMID: 24786926.

237. Colafrancesco S, Priori R, Alessandri C, Perricone C, Pendolino M, Picarelli G,
Valesini G. IL-18 Serum Level in Adult Onset Still's Disease: A Marker of Disease
Activity. Int J Inflam. 2012;2012:156890. doi: 10.1155/2012/156890. Epub 2012 Jun
18. PMID: 22762008; PMCID: PMC3385601.

238. Kawaguchi Y, Terajima H, Harigai M, Hara M, Kamatani N. Interleukin-18 as a
novel diagnostic marker and indicator of disease severity in adult-onset Still's disease.
Arthritis Rheum. 2001 Jul;44(7):1716-7. doi: 10.1002/1529-
0131(200107)44:7<1716::AID-ART298>3.0.CO;2-I. PMID: 11465725.

239. Girard C, Rech J, Brown M, Allali D, Roux-Lombard P, Spertini F, Schiffrin EJ, Schett
G, Manger B, Bas S, Del Val G, Gabay C. Elevated serum levels of free interleukin-18 in
adult-onset Still's disease. Rheumatology (Oxford). 2016 Dec;55(12):2237-2247. doi:
10.1093/rheumatology/kew300. Epub 2016 Sep 10. PMID: 27616144.

240. Kawashima M, Yamamura M, Taniai M, Yamauchi H, Tanimoto T, Kurimoto M,
Miyawaki S, Amano T, Takeuchi T, Makino H. Levels of interleukin-18 and its binding
inhibitors in the blood circulation of patients with adult-onset Still's disease. Arthritis
Rheum. 2001 Mar;44(3):550-60. doi: 10.1002/1529-0131(200103)44:3<550::AID-
ANR103>3.0.CO;2-5. PMID: 11263769.

241. Shiga T, Nozaki Y, Tomita D, Kishimoto K, Hirooka Y, Kinoshita K, Funauchi M,
Matsumura I. Usefulness of Interleukin-18 as a Diagnostic Biomarker to Differentiate
Adult-Onset Still's Disease With/Without Macrophage Activation Syndrome From Other

68



Secondary Hemophagocytic Lymphohistiocytosis in Adults. Front Immunol. 2021 Oct
8;12:750114. doi: 10.3389/fimmu.2021.750114. PMID: 34691064; PMCID:
PMC8533049.

242. Mizuta M, Shimizu M, Inoue N, Ikawa Y, Nakagishi Y, Yasuoka R, Iwata N, Yachie
A. Clinical significance of interleukin-18 for the diagnosis and prediction of disease
course in systemic juvenile idiopathic arthritis. Rheumatology (Oxford). 2021 May
14;60(5):2421-2426. doi: 10.1093/rheumatology/keaa634. PMID: 33200207.

243. Jung KH, Kim 1], Lee JS, Park W, Kim TH, Jun JB, Yoo DH. Interleukin-18 as an
efficient marker for remission and follow-up in patients with inactive adult-onset Still's
disease. Scand J Rheumatol. 2014;43(2):162-9. doi: 10.3109/03009742.2013.824023.
Epub 2013 Oct 18. PMID: 24134323.

244. Inoue N, Shimizu M, Tsunoda S, Kawano M, Matsumura M, Yachie A. Cytokine
profile in adult-onset Still's disease: Comparison with systemic juvenile idiopathic
arthritis. Clin Immunol. 2016 Aug;169:8-13. doi: 10.1016/j.clim.2016.05.010. Epub
2016 Jun 3. PMID: 27263804.

245. Chen PK, Lan JL, Huang PH, Hsu JL, Chang CK, Tien N, Lin HJ], Chen DY.
Interleukin-18 Is a Potential Biomarker to Discriminate Active Adult-Onset Still's
Disease From COVID-19. Front Immunol. 2021 Jul 23;12:719544. doi:
10.3389/fimmu.2021.719544. PMID: 34367188; PMCID: PMC8343229.

246. Wittkowski H, Frosch M, Wulffraat N, Goldbach-Mansky R, Kallinich T, Kuemmerle-
Deschner J, Frihwald MC, Dassmann S, Pham TH, Roth J, Foell D. S100A12 is a novel
molecular marker differentiating systemic-onset juvenile idiopathic arthritis from other
causes of fever of unknown origin. Arthritis Rheum. 2008 Dec;58(12):3924-31. doi:
10.1002/art.24137. PMID: 19035478; PMCID: PMC2680303.

247. Ghannam K, Zernicke ], Kedor C, Listing J, Burmester GR, Foell D, Feist E. Distinct
Effects of Interleukin-1B Inhibition upon Cytokine Profile in Patients with Adult-Onset
Still's Disease and Active Articular Manifestation Responding to Canakinumab. J Clin
Med. 2021 Sep 26;10(19):4400. doi: 10.3390/jcm10194400. PMID: 34640417;
PMCID: PMC8509487.

248. Aljaberi N, Tronconi E, Schulert G, Grom AA, Lovell DJ, Huggins JL, Henrickson M,
Brunner HI. The use of S100 proteins testing in juvenile idiopathic arthritis and
autoinflammatory diseases in a pediatric clinical setting: a retrospective analysis.
Pediatr Rheumatol Online J. 2020 Jan 16;18(1):7. doi: 10.1186/s12969-020-0398-2.
PMID: 31948488; PMCID: PMC6966841.

249. Bae CB, Suh CH, An IM, Jung JY, Jeon JY, Nam JY, Kim HA. Serum S100A12 may
be a useful biomarker of disease activity in adult-onset Still's disease. J Rheumatol.
2014 Dec;41(12):2403-8. doi: 10.3899/jrheum.140651. Epub 2014 Oct 1. PMID:
25274901.

250. Qu H, Sundberg E, Aulin C, Neog M, Palmblad K, Horne AC, Granath F, Ek A, Melén
E, Olsson M, Harris HE. Immunoprofiling of active and inactive systemic juvenile
idiopathic arthritis reveals distinct biomarkers: a single-center study. Pediatr Rheumatol
Online J. 2021 Dec 28;19(1):173. doi: 10.1186/s12969-021-00660-9. PMID:
34963488; PMCID: PMC8713412.

69



251. Di Benedetto P, Cipriani P, Iacono D, Pantano I, Caso F, Emmi G, Grembiale RD,
Cantatore FP, Atzeni F, Perosa F, Scarpa R, Guggino G, Ciccia F, Giacomelli R, Ruscitti
P. Ferritin and C-reactive protein are predictive biomarkers of mortality and macrophage
activation syndrome in adult onset Still's disease. Analysis of the multicentre Gruppo
Italiano di Ricerca in Reumatologia Clinica e Sperimentale (GIRRCS) cohort. PLoS One.
2020 Jul 9;15(7):e0235326. doi: 10.1371/journal.pone.0235326. PMID: 32645077;
PMCID: PMC7347102.

252. Javaux C, El-Jammal T, Neau PA, Fournier N, Gerfaud-Valentin M, Perard L,
Fouillet-Desjonqueres M, Le Scanff J, Vignot E, Durupt S, Hot A, Belot A, Durieu I, Henry
T, Seve P, Jamilloux Y. Detection and Prediction of Macrophage Activation Syndrome in
Still's Disease. J Clin Med. 2021 Dec 31;11(1):206. doi: 10.3390/jcm11010206. PMID:
35011947; PMCID: PMC8745834.

253. Shimizu M, Nakagishi Y, Inoue N, Mizuta M, Ko G, Saikawa Y, Kubota T, Yamasaki
Y, Takei S, Yachie A. Interleukin-18 for predicting the development of macrophage
activation syndrome in systemic juvenile idiopathic arthritis. Clin Immunol. 2015
Oct;160(2):277-81. doi: 10.1016/j.clim.2015.06.005. Epub 2015 Jun 20. PMID:
26101092.

254. Yasin S, Fall N, Brown RA, Henderlight M, Canna SW, Girard-Guyonvarc'h C, Gabay
C, Grom AA, Schulert GS. IL-18 as a biomarker linking systemic juvenile idiopathic
arthritis and macrophage activation syndrome. Rheumatology (Oxford). 2020 Feb
1;59(2):361-366. doi: 10.1093/rheumatology/kez282. PMID: 31326996; PMCID:
PMC7571484.

255. Shimizu M, Yokoyama T, Yamada K, Kaneda H, Wada H, Wada T, Toma T, Ohta K,
Kasahara Y, Yachie A. Distinct cytokine profiles of systemic-onset juvenile idiopathic
arthritis-associated macrophage activation syndrome with particular emphasis on the
role of interleukin-18 in its pathogenesis. Rheumatology (Oxford). 2010
Sep;49(9):1645-53. doi: 10.1093/rheumatology/keq133. Epub 2010 May 14. PMID:
20472718.

256. Bracaglia C, de Graaf K, Pires Marafon D, Guilhot F, Ferlin W, Prencipe G, Caiello
I, Davi S, Schulert G, Ravelli A, Grom AA, de Min C, De Benedetti F. Elevated circulating
levels of interferon-y and interferon-y-induced chemokines characterise patients with
macrophage activation syndrome complicating systemic juvenile idiopathic arthritis.
Ann Rheum Dis. 2017 Jan;76(1):166-172. doi: 10.1136/annrheumdis-2015-209020.
Epub 2016 Jun 13. PMID: 27296321.

257. Ruscitti P, Ursini F, Berardicurti O, Masedu F, Bozzalla Cassione E, Naldi S, Di Cola
I, Di Muzio C, De Stefano L, Di Nino E, Navarini L, Vomero M, Bugatti S, Valenti M,
Mariani E, Iagnocco A, Montecucco C, Giacomelli R, Cipriani P. Cytokine profile, ferritin
and multi-visceral involvement characterize macrophage activation syndrome during
adult-onset Still's disease. Rheumatology (Oxford). 2022 Dec 23;62(1):321-329. doi:
10.1093/rheumatology/keac247. PMID: 35438139.

258. Mizuta M, Shimizu M, Inoue N, Nakagishi Y, Yachie A. Clinical significance of serum
CXCL9 levels as a biomarker for systemic juvenile idiopathic arthritis associated
macrophage activation syndrome. Cytokine. 2019 Jul;119:182-187. doi:
10.1016/j.cyto0.2019.03.018. Epub 2019 Apr 2. PMID: 30952065.

70



259. Guo L, Xu Y, Qian X, Zou L, Zheng R, Teng L, Zheng Q, Leung Jung LK, Lu M.
Sudden Hypotension and Increased Serum Interferon-y and Interleukin-10 Predict Early
Macrophage Activation Syndrome in Patients with Systemic Juvenile Idiopathic Arthritis.
J Pediatr. 2021 Aug;235:203-211.e3. doi: 10.1016/j.jpeds.2021.02.008. Epub 2021
Feb 11. PMID: 33581106.

260. Put K, Avau A, Brisse E, Mitera T, Put S, Proost P, Bader-Meunier B, Westhovens
R, Van den Eynde BJ], Orabona C, Fallarino F, De Somer L, Tousseyn T, Quartier P,
Wouters C, Matthys P. Cytokines in systemic juvenile idiopathic arthritis and
haemophagocytic lymphohistiocytosis: tipping the balance between interleukin-18 and
interferon-y. Rheumatology (Oxford). 2015 Aug;54(8):1507-17. doi:
10.1093/rheumatology/keu524. Epub 2015 Mar 12. PMID: 25767156.

261. Mease P, Hall S, FitzGerald O, van der Heijde D, Merola JF, Avila-Zapata F, Cieslak
D, Graham D, Wang C, Menon S, Hendrikx T, Kanik KS. Tofacitinib or Adalimumab
versus Placebo for Psoriatic Arthritis. N Engl J Med. 2017 Oct 19;377(16):1537-1550.
doi: 10.1056/NEJM0al1615975. PMID: 29045212.

262. Gladman D, Rigby W, Azevedo VF, Behrens F, Blanco R, Kaszuba A, Kudlacz E,
Wang C, Menon S, Hendrikx T, Kanik KS. Tofacitinib for Psoriatic Arthritis in Patients
with an Inadequate Response to TNF Inhibitors. N Engl ] Med. 2017 Oct
19;377(16):1525-1536. doi: 10.1056/NEJM0al1615977. PMID: 29045207.

263. Mclnnes IB, Anderson JK, Magrey M, Merola JF, Liu Y, Kishimoto M, Jeka S,
Pacheco-Tena C, Wang X, Chen L, Zueger P, Liu ], Pangan AL, Behrens F. Trial of
Upadacitinib and Adalimumab for Psoriatic Arthritis. N Engl J Med. 2021 Apr
1;384(13):1227-1239. doi: 10.1056/NEIJM0a2022516. PMID: 33789011.

264. Mclnnes 1B, Kato K, Magrey M, Merola JF, Kishimoto M, Pacheco-Tena C, Haaland
D, Chen L, Duan Y, Zueger P, Liu J, Lippe R, Pangan AL, Behrens F. Upadacitinib in
patients with psoriatic arthritis and an inadequate response to non-biological therapy:
56-week data from the phase 3 SELECT-PsA 1 study. RMD Open. 2021
Oct;7(3):e001838. doi: 10.1136/rmdopen-2021-001838. Erratum in: RMD Open. 2021
Nov;7(3): PMID: 34663636; PMCID: PMC8524381.

265. Mease PJ], Lertratanakul A, Anderson JK, Papp K, Van den Bosch F, Tsuji S,
Dokoupilova E, Keiserman M, Wang X, Zhong S, McCaskill RM, Zueger P, Pangan AL,
Tillett W. Upadacitinib for psoriatic arthritis refractory to biologics: SELECT-PsA 2. Ann
Rheum Dis. 2021 Mar;80(3):312-320. doi: 10.1136/annrheumdis-2020-218870. Epub
2020 Dec 3. PMID: 33272960; PMCID: PMC7892371.

266. Deodhar A, Sliwinska-Stanczyk P, Xu H, Baraliakos X, Gensler LS, Fleishaker D,
Wang L, Wu J, Menon S, Wang C, Dina O, Fallon L, Kanik KS, van der Heijde D.
Tofacitinib for the treatment of ankylosing spondylitis: a phase III, randomised, double-
blind, placebo-controlled study. Ann Rheum Dis. 2021 Aug;80(8):1004-1013. doi:
10.1136/annrheumdis-2020-219601. Epub 2021 Apr 27. PMID: 33906853; PMCID:
PMC8292568.

267. van der Heijde D, Deodhar A, Wei JC, Drescher E, Fleishaker D, Hendrikx T, Li D,
Menon S, Kanik KS. Tofacitinib in patients with ankylosing spondylitis: a phase II, 16-
week, randomised, placebo-controlled, dose-ranging study. Ann Rheum Dis. 2017
Aug;76(8):1340-1347. doi: 10.1136/annrheumdis-2016-210322. Epub 2017 Jan 27.
PMID: 28130206; PMCID: PMC5738601.

71



268. Deodhar A, Van den Bosch F, Poddubnyy D, Maksymowych WP, van der Heijde D,
Kim TH, Kishimoto M, Blanco R, Duan Y, Li Y, Pangan AL, Wung P, Song IH. Upadacitinib
for the treatment of active non-radiographic axial spondyloarthritis (SELECT-AXIS 2): a
randomised, double-blind, placebo-controlled, phase 3 trial. Lancet. 2022 Jul
30;400(10349):369-379. doi: 10.1016/50140-6736(22)01212-0. PMID: 35908570.

269. Singh S, Facciorusso A, Singh AG, Vande Casteele N, Zarrinpar A, Prokop LJ,
Grunvald EL, Curtis JR, Sandborn WJ. Obesity and response to anti-tumor necrosis
factor-a agents in patients with select immune-mediated inflammatory diseases: A
systematic review and meta-analysis. PLoS One. 2018 May 17;13(5):e0195123. doi:
10.1371/journal.pone.0195123. Erratum in: PLoS One. 2018 Aug 29;13(8):e0203499.
PMID: 29771924; PMCID: PMC5957395.

270. Kumthekar A, Ogdie A. Obesity and Psoriatic Arthritis: A Narrative Review.
Rheumatol Ther. 2020 Sep;7(3):447-456. doi: 10.1007/s40744-020-00215-6. Epub
2020 Jun 3. PMID: 32495313; PMCID: PMC7410935.

271. Hgjgaard P, Glintborg B, Kristensen LE, Gudbjornsson B, Love T], Dreyer L. The
influence of obesity on response to tumour necrosis factor-a inhibitors in psoriatic
arthritis: results from the DANBIO and ICEBIO registries. Rheumatology (Oxford). 2016
Dec;55(12):2191-2199. doi: 10.1093/rheumatology/kew326. Epub 2016 Sep 19.
PMID: 27651526.

272. Mostafa NM, Nader AM, Noertersheuser P, Okun M, Awni WM. Impact of
immunogenicity on pharmacokinetics, efficacy and safety of adalimumab in adult
patients with moderate to severe chronic plaque psoriasis. J Eur Acad Dermatol
Venereol. 2017 Mar;31(3):490-497. doi: 10.1111/jdv.13884. Epub 2016 Aug 22. PMID:
27545848.

273. Galic S, Oakhill ]S, Steinberg GR. Adipose tissue as an endocrine organ. Mol Cell
Endocrinol. 2010 Mar 25;316(2):129-39. doi: 10.1016/j.mce.2009.08.018. Epub 2009
Aug 31. PMID: 19723556.

274. Iannone F, Lopriore S, Bucci R, Scioscia C, Anelli MG, Notarnicola A, Lapadula G.
Two-year survival rates of anti-TNF-a therapy in psoriatic arthritis (PsA) patients with
either polyarticular or oligoarticular PsA. Scand J Rheumatol. 2015 May;44(3):192-9.
doi: 10.3109/03009742.2014.962081. Epub 2015 Jan 7. PMID: 25564882.

275. Lorenzin M, Ortolan A, Cozzi G, Calligaro A, Favaro M, Del Ross T, Doria A,
Ramonda R. Predictive factors for switching in patients with psoriatic arthritis
undergoing anti-TNFa, anti-IL12/23, or anti-IL17 drugs: a 15-year monocentric real-life
study. Clin Rheumatol. 2021 Nov;40(11):4569-4580. doi: 10.1007/s10067-021-
05799-0. Epub 2021 Jun 16. PMID: 34136971; PMCID: PMC8519923.

276. Mease P, Coates LC, Helliwell PS, Stanislavchuk M, Rychlewska-Hanczewska A,
Dudek A, Abi-Saab W, Tasset C, Meuleners L, Harrison P, Besuyen R, Van der Aa A,
Mozaffarian N, Greer JM, Kunder R, Van den Bosch F, Gladman DD. Efficacy and safety
of filgotinib, a selective Janus kinase 1 inhibitor, in patients with active psoriatic arthritis
(EQUATOR): results from a randomised, placebo-controlled, phase 2 trial. Lancet. 2018
Dec 1;392(10162):2367-2377. doi: 10.1016/S0140-6736(18)32483-8. Epub 2018 Oct
22. PMID: 30360969.

72



277. Orbai AM, Ogdie A, Gossec L, Tillett W, Leung YY, Gao ], Trivedi M, Tasset C,
Meuleners L, Besuyen R, Hendrikx T, Coates LC. Effect of filgotinib on health-related
quality of life in active psoriatic arthritis: a randomized phase 2 trial (EQUATOR).
Rheumatology (Oxford). 2020 Jul 1;59(7):1495-1504. doi:
10.1093/rheumatology/kez408. PMID: 31624837; PMCID: PMC7310097.

278. Maksymowych WP, @stergaard M, Landewé R, Barchuk W, Liu K, Tasset C, Gilles
L, Hendrikx T, Besuyen R, Baraliakos X. Impact of filgotinib on sacroiliac joint magnetic
resonance imaging structural lesions at 12 weeks in patients with active ankylosing
spondylitis (TORTUGA trial). Rheumatology (Oxford). 2022 May 5;61(5):2063-2071.
doi: 10.1093/rheumatology/keab543. PMID: 34352069; PMCID: PMC9071516.

279. Mease PJ, Deodhar AA, van der Heijde D, Behrens F, Kivitz AJ, Neal J, Kim ],
Singhal S, Nowak M, Banerjee S. Efficacy and safety of selective TYK2 inhibitor,
deucravacitinib, in a phase II trial in psoriatic arthritis. Ann Rheum Dis. 2022
Jun;81(6):815-822. doi: 10.1136/annrheumdis-2021-221664. Epub 2022 Mar 3. PMID:
35241426; PMCID: PMC9120409.

280. Gabler NB, Duan N, Liao D, Elmore JG, Ganiats TG, Kravitz RL. Dealing with
heterogeneity of treatment effects: is the literature up to the challenge? Trials. 2009
Jun 19;10:43. doi: 10.1186/1745-6215-10-43. PMID: 19545379; PMCID:
PMC2706823.

281. Kent DM, Hayward RA. Limitations of applying summary results of clinical trials to
individual patients: the need for risk stratification. JAMA. 2007 Sep 12;298(10):1209-
12. doi: 10.1001/jama.298.10.1209. PMID: 17848656.

282. Horwitz RI, Singer BH, Makuch RW, Viscoli CM. Clinical versus statistical
considerations in the design and analysis of clinical research. J Clin Epidemiol. 1998
Apr;51(4):305-7. doi: 10.1016/s0895-4356(98)00006-7. PMID: 9539886.

283. Dahan M, Scemama C, Porcher R, Biau DJ. Reporting of heterogeneity of treatment
effect in cohort studies: a review of the literature. BMC Med Res Methodol. 2018 Jan
12;18(1):10. doi: 10.1186/s12874-017-0466-6. PMID: 29329525; PMCID:
PMC5767059.

284. Greenfield S, Kravitz R, Duan N, Kaplan SH. Heterogeneity of treatment effects:
implications for guidelines, payment, and quality assessment. Am J Med. 2007
Apr;120(4 Suppl 1):S3-9. doi: 10.1016/j.amjmed.2007.02.002. PMID: 17403380.

285. Kent DM, Rothwell PM, Ioannidis JP, Altman DG, Hayward RA. Assessing and
reporting heterogeneity in treatment effects in clinical trials: a proposal. Trials. 2010
Aug 12;11:85. doi: 10.1186/1745-6215-11-85. PMID: 20704705; PMCID:
PMC2928211.

286. Liu F, Panagiotakos D. Real-world data: a brief review of the methods, applications,
challenges and opportunities. BMC Med Res Methodol. 2022 Nov 5;22(1):287. doi:
10.1186/s12874-022-01768-6. Erratum in: BMC Med Res Methodol. 2023 May
2;23(1):109. PMID: 36335315; PMCID: PMC9636688.

287. Kilcher G, Hummel N, Didden EM, Egger M, Reichenbach S; GetReal Work Package
4. Rheumatoid arthritis patients treated in trial and real world settings: comparison of

73



randomized trials with registries. Rheumatology (Oxford). 2018 Feb 1;57(2):354-3609.
doi: 10.1093/rheumatology/kex394. PMID: 29149289.

288. Toews I, Anglemyer A, Nyirenda JL, Alsaid D, Balduzzi S, Grummich K,
Schwingshackl L, Bero L. Healthcare outcomes assessed with observational study
designs compared with those assessed in randomized trials: a meta-epidemiological
study. Cochrane Database Syst Rev. 2024 Jan 4;1(1):MR000034. doi:
10.1002/14651858.MR000034.pub3. PMID: 38174786; PMCID: PMC10765475.

289. Davidson KW, Cheung YK, Friel CP, Suls J. Introducing Data Sciences to N-of-1
Designs, Statistics, Use-Cases, the Future, and the Moniker 'N-of-1' Trial. Harv Data Sci
Rev. 2022;4(SI3):10.1162/99608f92.116c43fe. doi: 10.1162/99608f92.116c43fe.
Epub 2022 Sep 8. PMID: 38009132; PMCID: PMC10673636.

290. Duan N, Norman D, Schmid C, Sim I, Kravitz RL. Personalized Data Science and
Personalized (N-of-1) Trials: Promising Paradigms for Individualized Health Care. Harv
Data Sci Rev. 2022;4(SI13):10.1162/99608f92.8439a336. doi:
10.1162/99608f92.8439a336. Epub 2022 Sep 8. PMID: 38009133; PMCID:
PMC10673628.

291. Duan N, Kravitz RL, Schmid CH. Single-patient (n-of-1) trials: a pragmatic clinical
decision methodology for patient-centered comparative effectiveness research. ] Clin
Epidemiol. 2013 Aug;66(8 Suppl):S21-8. doi: 10.1016/j.jclinepi.2013.04.006. PMID:
23849149; PMCID: PMC3972259.

292. Rothwell PM. Treating individuals 2. Subgroup analysis in randomised controlled
trials: importance, indications, and interpretation. Lancet. 2005 Jan 8-
14,;365(9454):176-86. doi: 10.1016/S0140-6736(05)17709-5. PMID: 15639301.

293. Brookes ST, Whitely E, Egger M, Smith GD, Mulheran PA, Peters TJ. Subgroup
analyses in randomized trials: risks of subgroup-specific analyses; power and sample
size for the interaction test. J Clin Epidemiol. 2004 Mar;57(3):229-36. doi:
10.1016/j.jclinepi.2003.08.009. PMID: 15066682.

294. Pocock SJ, Assmann SE, Enos LE, Kasten LE. Subgroup analysis, covariate
adjustment and baseline comparisons in clinical trial reporting: current practice and
problems. Stat Med. 2002 Oct 15;21(19):2917-30. doi: 10.1002/sim.1296. PMID:
12325108.

295. Assmann SF, Pocock SJ], Enos LE, Kasten LE. Subgroup analysis and other
(mis)uses of baseline data in clinical trials. Lancet. 2000 Mar 25;355(9209):1064-9.
doi: 10.1016/S0140-6736(00)02039-0. PMID: 10744093.

296. Guyatt G, Sackett D, Taylor DW, Chong ], Roberts R, Pugsley S. Determining
optimal therapy--randomized trials in individual patients. N Engl J Med. 1986 Apr
3;314(14):889-92. doi: 10.1056/NEIJM198604033141406. PMID: 2936958.

297. Senn S. Individual response to treatment: is it a valid assumption? BMJ. 2004 Oct
23;329(7472):966-8. doi: 10.1136/bmj.329.7472.966. PMID: 15499115; PMCID:
PMC524113.

298. Kravitz RL, Duan N. Conduct and Implementation of Personalized Trials in Research
and Practice. Harv Data Sci Rev. 2022;4(SI3):10.1162/99608f92.901255e7. doi:

74



10.1162/99608f92.901255e7. Epub 2022 Sep 8. PMID: 38009129; PMCID:
PMC10673633.

299. Zou KH, Li JZ, Imperato J, Potkar CN, Sethi N, Edwards J, Ray A. Harnessing Real-
World Data for Regulatory Use and Applying Innovative Applications. J Multidiscip
Healthc. 2020 Jul 22;13:671-679. doi: 10.2147/IJMDH.S262776. PMID: 32801731;
PMCID: PMC7383026.

300. Chen JH, Qin LX. Expert consensus-promoting clinical excellence and ultimately
benefitting patients. Hepatobiliary Surg Nutr. 2023 Oct 1;12(5):743-745. doi:
10.21037/hbsn-23-435. Epub 2023 Sep 14. PMID: 37886196; PMCID: PMC10598321.

301. Hohmann E, Cote MP, Brand JC. Research Pearls: Expert Consensus Based
Evidence Using the Delphi Method. Arthroscopy. 2018 Dec;34(12):3278-3282. doi:
10.1016/j.arthro.2018.10.004. PMID: 30509437.

302.McMillan SS, King M, Tully MP. How to use the nominal group and Delphi
techniques. Int J Clin Pharm. 2016 Jun;38(3):655-62. doi: 10.1007/s11096-016-0257-
x. Epub 2016 Feb 5. PMID: 26846316; PMCID: PMC4909789.

303. Drumm S, Bradley C, Moriarty F. 'More of an art than a science'? The development,
desigh and mechanics of the Delphi Technique. Res Social Adm Pharm. 2022
Jan;18(1):2230-2236. doi: 10.1016/j.sapharm.2021.06.027. Epub 2021 Jul 3. PMID:
34244078.

Table 1. Statements and level of Evidence

Statements LoE

RA working group

Seropositivity (ACPA and/or RF) is associated with an earlier and better 2b
response to MTX-based conventional treatment strategy in patients with
early rheumatoid arthritis.

Seropositivity is associated with a more evident reduction of structural 2b
damage in rheumatoid arthritis patients under an aggressive, MTX-based,
treatment strategy

Seropositivity is associated with increased efficacy of non-TNFi bDMARDs, 1a
especially rituximab.

Seropositivity is also associated with a better response to abatacept and 2b
appears to be associated with a better response to tofacitinib.

Despite stratification based on definite age cut-off (e.g., >65 vs. < 65 2b
years) is mostly unavailable, age analyzed as continuous variable does not
affect response to MTX.

Age of golimumab start (>65 years vs. <65 years) does not affect its 2b
efficacy, in patients with RA under the same dosage of MTX.
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Younger age, analyzed as a continuous variable, is associated with a better
response to etanercept, but information about MTX dosage is not available.

2b

Several single nucleotide polymorphisms have been associated with
response to bDMARDs; however, their use as predictive biomarkers for
treatment response is limited, and the effect size is small.

la

Various genes and miRNAs in peripheral blood have been associated with
response to bDMARDs; however, these associations are derived from
observational studies, indicating a small effect size and limited clinical utility
as predictive biomarkers for treatment response.

2a

Several serum proteins (OPN, SAA, CXCL13, VICM) have been linked to
response to bDMARDs; however, their predictive value for treatment
response is limited, and the effect size is small.

2b/3

In post-hoc analysis of two RCTs, the CXCL13 to sICAM-1 ratio has been
implicated in informing response to TNFi versus IL6-receptor inhibition,
albeit with contradictory results.

2a

Predictive models based on synovial molecular signatures for treatment
response to Tocilizumab or Rituximab, and refractoriness (fibroblast and
ECM signature), have been reported.

1b

Several genes in synovia have been associated with response to bDMARDs;
however, these observations originate from observational studies with
relatively small sample sizes.

2b

SLE working group

In terms of demographic characteristics rituximab seems more effective in
African American and Hispanic people, ustekinumab in Caucasians while
belimumab seems to be inefficacious in the black population.

2b

Respect to patients’ clinical characteristics belimumab and atacicept have
greater efficacy in patients with high disease activity (SELENA SLEDAI
>=10), whereas skin response to anifrolumab is higher in patients with a
baseline CLASI >10.

2b

Concerning laboratory features, belimumab and atacicept have higher
efficacy in serologically active patients (high anti-dsDNA and/or low
complement), anifrolumab in patients with high IFN gene signature at
baseline and iberdomide in patients with high IFN gene signature or high
Aiolos signature at baseline.

2b

Belimumab seems to have greater efficacy in patients with proliferative vs.
membranous LN and on a background therapy with MMF.

2b

Belimumab seems to be more effective in LN patients of Black ancestry and
those with a baseline proteinuria<3g/day.

2b

Voclosporin proved effective across all histological classes, including a
clinically meaningful efficacy in class V.

2b

Obinotuzumab seems to be more effective in class IV LN.

2b
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SjD working group

The salivary flow rate improves following treatment with drugs with different
mechanisms of action (RTX, RTX and belimumab, abatacept, HCQ, HCQ and
leflunomide).

1b

In 2 open label studies baseline salivary flow rate predicted improvement in
salivary function.

2b

The decrease of RF and IgG serum level have been consistently reported
following treatment with drugs with diverse mechanisms of action (RTX,
RTX and belimumab, abatacept, HCQ and leflunomide).

1b

Improvement in joint, constitutional, glandular, lymphadenopathy, and
biological ESSDAI domains has been reported following treatment with
drugs with diverse mechanisms of action (iscalimab, ianalumab, HCQ and
leflunomide).

1c

SSc working group

We recommend background therapy to be allowed for RCTs investigating
disease-modifying agents in SSc. Stratification and pre-specified analyses
should be conducted.

2b

We recommend that the severity of organ involvement (lung and skin)
should be considered for stratification and pre-specified analyses in RCTs.

2b

We recommend molecular profiling of bio-samples and explorative analyses
for treatment response.

AOSD working group

The efficacy of bDMARDs has been suggested on both systemic and joint
features of AOSD without life-threatening organ manifestations even in long
standing disease. Study design of available RCTs on AOSD did not allow to
demonstrate a significant effect of bDMARDs.

2b

Future RCTs should stratify patients with active systemic disease (e.g., with
fever) or active arthritis without fever. Future RCTs should include patients
with active disease shortly (less than 1 month) after the flare onset. Study
endpoints should combine low disease activity based on validated disease
activity score (including fever for systemic disease) and significant reduction
or discontinuation of concomitant glucocorticoids.

Specific RCTs are needed for some AOSD life-threatening complications:
MAS pathogenic studies identified additional targets potentially interesting
to inhibit (e.g., IL-18 and IFN-y); Lung involvement deserves more
investigations to clarify the different pathogenic subtypes (e.g., ILD, PAP)
in order to conduct RCTs.

Several biomarkers have been proposed for AOSD diagnosis and disease
activity assessment (ferritin, IL-18, IFN-y, S100 proteins). Available data
(reliability issues, threshold inconsistencies) do not support their use in
RCTs for patient stratification so far.
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SpA working group

In PsA, nor upadacitinib neither tofacitinib has consistently shown higher
efficacy when used in bDMARD-naive patients compared to bDMARD-
experienced ones.

2b

In patients with Axial Spondylarthritis, the factors associated with better
clinical response for both upadacitinib and tofacitinib are bio-naive status,
high levels of CRP, and positive MRI for sacroiliac or spine oedema.

1b

In Axial Spondylarthritis, the combination of both high levels of CRP and
positive MRI for sacroiliac or spine oedema seems to be associated with
better response to upadacitinib and tofacitinib than these two factors
independently.

2b

In PsA and Axial Spondylarthritis, BMI does not seem to affect the efficacy
of both upadacitinib and tofacitinib.

2b

In PsA, differently from adalimumab, upadacitinib seems to show a
comparable efficacy in both women and men.

2b

In PsA and Axial Spondylarthritis, available data on filgotinib and
deucravacitinib do not support, at present, a patients’ stratification with
regard to therapeutic response.
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