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ABSTRACT

Background: Rheumatoid Arthritis (RA) is a Prevalent Autoimmune Disorder Affecting Millions of People Worldwide. A
Thorough Understanding of Its Clinical and Pathological Features Is Essential to Improve Patient Outcomes.

Methods: This Study Combined Data-Independent Acquisition Proteomics and Enzyme-Linked Immunosorbent Assay (ELISA)
to Identify and Validate Potential Plasma Protein Biomarkers for the Early Diagnosis of RA.

Results: Differential Proteomic Analysis Identified Differentially Expressed Proteins Between Patients With RA and Healthy
Controls and Characterized Their Functions. Gene Ontology and Kyoto Encyclopedia of Genes and Genomes Enrichment
Analyses Were Performed to Explore Protein Functions and Associated Biological Pathways. The STRING Database and the
Metascape Platform Were Used to Conduct an in-Depth Analysis of the Protein-Protein Interaction Network, Highlighting
the Functional Attributes and Interconnections of Upregulated Proteins and Identifying Key Protein Complexes Involved in
RA. ELISA Analysis of Plasma Samples Revealed Significantly Elevated SERPINA3 Levels in Patients With RA, Which Were
Positively Correlated With Disease Activity Indicators—Including Erythrocyte Sedimentation Rate, C-Reactive Protein, and
Disease Activity Score 28—But Were Not Correlated With Rheumatoid Factor or Its Subtypes.

Conclusions: This Study Provides New Insights and Identifies Potential Biomarkers for the Early Diagnosis of RA.

1 | Introduction [3, 4]. RA is a complex disease involving dysregulation of the

immune system and is characterized by chronic, symmetri-

Rheumatoid arthritis (RA) is a systemic inflammatory au-
toimmune disorder primarily characterized by symmetri-
cal polyarthritis, predominantly affecting individuals aged
30-55years [1, 2]. Despite extensive research, the precise
pathogenesis of RA remains unclear, and its global preva-
lence is estimated to range from 1% to 3%. In China alone,
approximately 5 million individuals are affected by this con-
dition, imposing significant economic and social burdens

cal, and progressive polyarthritis, accompanied by symptoms
such as joint pain, stiffness, and swelling. Pathologically, the
synovium undergoes extensive changes, including chronic
inflammation, hyperplasia, vascular proliferation, and in-
vasion into articular cartilage, subchondral bone, ligaments,
and tendons [5]. These pathological changes ultimately lead
to the destruction of articular cartilage, bone, and joint cap-
sules, resulting in irreversible joint deformities and functional
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impairment. Consequently, the disability rate among patients
with RA can reach up to 50%. A thorough understanding of
the clinical manifestations and pathological processes associ-
ated with RA is essential for advancing research and improv-
ing patient outcomes [6].

Proteins serve as the primary effectors of biological processes,
and alterations in plasma protein levels may indicate patho-
logical conditions in the body. As essential components of
human cells and tissues, proteins play pivotal roles in signal
transduction, catalysis of metabolic reactions, and mainte-
nance of cellular structure [7]. Plasma proteins are crucial for
maintaining immune function, reflecting nutritional status,
and supporting cell regeneration [8]. In recent years, rapid
advances in mass spectrometry have significantly accelerated
progress in proteomics, establishing it as a critical method-
ological approach in protein research. Proteomics enables the
large-scale identification and quantification of proteins in bi-
ological samples, as well as the analysis of post-translational
modifications. Additionally, it facilitates the extraction of
meaningful information and patterns from high-throughput
data, thereby providing a foundation for investigating func-
tional mechanisms.

Serine protease inhibitors (SERPINS) constitute a superfamily of
proteins that regulate diverse physiological processes, including
fibrinolysis, hemostasis, extracellular matrix remodeling, cellu-
lar proliferation and differentiation, inflammatory responses,
and immune regulation [9]. SERPINA3, a prominent member
of the SERPIN family, has been implicated in multiple inflam-
matory diseases [10, 11]. As a prominent member of the serpin
superfamily, SERPINA3 may exert regulatory effects in RA by
inhibiting proteases involved in the complement and coagula-
tion cascades, as well as immune activation. Excessive proteoly-
sis is a hallmark of RA and contributes to cartilage degradation
and synovial inflammation. Although SERPINA3 has been re-
ported in other inflammatory diseases, its expression pattern,
correlation with disease activity, and clinical relevance in RA
remain largely unexplored. Moreover, in contrast to nonspecific
acute-phase proteins such as SAA1 and SAA2, SERPINA3 may
represent a pathway-specific biomarker reflecting protease im-
balance and immune dysregulation in RA. Proteomic advances
have uncovered vital evidence explaining RA pathogenesis,
such as modified protein lactylation, matching proteomic fea-
tures in synovial fluid and plasma, and autoantibody changes
specific to disease stages, supporting disease prediction and pre-
cise treatment.

Data-independent acquisition (DIA) [12] is a mass spectrometry
acquisition method that has emerged in recent years and rep-
resents a major advancement in quantitative proteomics [13, 14].
DIA proteomics is a quantitative approach that utilizes unbiased
acquisition for the systematic analysis of proteins in biological
samples. Compared with conventional label-free methods, tan-
dem mass tag labeling, and other techniques, DIA-based quan-
titative proteomics offers several advantages, including high
throughput, improved precision, enhanced sensitivity, and
greater reproducibility. Immunological detection methods, such
as enzyme-linked immunosorbent assay (ELISA) and Western
blotting, have been widely used to validate candidate protein
biomarkers identified through DIA proteomics [15]. In this

study, DIA proteomics was integrated with ELISA to identify
and validate differentially expressed proteins in the plasma of
patients with RA, with the aim of exploring potential biomark-
ers for early diagnosis.

2 | Materials and Methods
2.1 | Research Participants and Sample Collection

From January to June 2023, Tianjin First Central Hospital re-
cruited six patients with RA and six age- and sex-matched
healthy volunteers for a preliminary DIA proteomics study.
From August to October 2024, based on the findings of the first
phase, the hospital recruited an additional 47 patients with RA
and 28 age- and sex-matched healthy volunteers for the valida-
tion cohort (Table 1). ELISA was used to validate and further
confirm the expression levels of key proteins. The inclusion
criteria were based on the RA classification criteria established
by the American College of Rheumatology and the European
League Against Rheumatism. Patients with concurrent other
autoimmune diseases, infectious diseases, malignancies, or se-
vere dysfunction of the heart, liver, or kidneys were excluded.
Additionally, during the same period, healthy volunteers with no
history of autoimmune diseases, infectious diseases, or malig-
nancies were recruited. All patients and volunteers involved in
this study strictly adhered to the ethical guidelines of the World
Medical Association Declaration of Helsinki. Blood samples
were collected into tubes containing ethylenediaminetetraacetic
acid as an anticoagulant. The samples were centrifuged at 4°C
at 3000rpm for 10 min. The supernatant plasma was aspirated,
aliquoted into appropriate containers, and stored at —80°C for
subsequent analysis.

2.2 | Sample Preparation
Plasma samples were lysed with 400 uL of 8 M urea lysis buf-

fer (supplemented with 1x Roche protease inhibitor cock-
tail). Following centrifugation at 20 000x g for 20min, the

TABLE1 | Demographicand clinical characteristics of patients with
RA and healthy controls.

Healthy

RA Patients Controls
Characteristic (n=47) (n=28) p-value
Age (years) 54.89+8.54  60.02+12.74  >0.05
Sex
Male, n (%) 12 (25.5%) 9 (32.1%) >0.05
Female, n (%) 35 (74.5%) 19 (67.9%) >0.05
Disease 24.96+13.78 N/A —
Duration
(months)
Disease Activity
Score
DAS28 5.86+1.74 N/A —
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supernatant was collected, and 5uL was reserved for the
BCA assay. DTT was added to a final concentration of 10 mM,
and the samples were incubated in a 37°C water bath for
1h. Subsequently, IAA was added to a final concentration
of 20mM, and the samples were incubated in the dark for
30min. For each sample, 150 ug of protein was digested with
trypsin at a protein-to-enzyme ratio of 50:1 and incubated at
37°C for 14-16h. The resulting peptides were desalted using
Waters solid-phase extraction cartridges and then dried under
vacuum. The peptide fractions were reconstituted in 0.1% FA
and stored at —20°C for further analysis.

2.3 | LC-MS/MS Analysis

Peptides were analyzed using liquid chromatography-tan-
dem mass spectrometry (LC-MS/MS) in DIA mode (LC Bio
Technology Co. Ltd.) with mass spectrometer settings optimized
for DIA analysis. The dried peptide samples were reconstituted
in 0.1% FA and centrifuged at 20 000X g for 10min. The result-
ing supernatant was collected and loaded onto a self-packed
C18 column (100 wm internal diameter, 1.8 wm particle size, ap-
proximately 35cm in length). Peptide separation was performed
using a Thermo Scientific EASY-nLC 1200 system at a flow rate
of 300nL/min with the following gradient: 4%-27% solvent B
(98% acetonitrile, 0.1% FA) from 0 to 103 min; 27%-40% solvent
B from 103 to 111 min; 40%-90% solvent B from 111-113min;
and 90% solvent B maintained until 120min. The separated
peptides were ionized by nano-electrospray ionization and in-
troduced into an Orbitrap Exploris 480 mass spectrometer
(Thermo Fisher Scientific, San Jose, CA) configured for DIA.
The mass spectrometry parameters included a scan range of
m/z 350-1 500 with a resolution of 120000 and a normalized
automatic gain control (AGC) target of 300%. In DIA mode, the
m/z range of 400-1 200 was divided into 53 isolation windows
for sequential fragmentation and signal acquisition. Higher-
energy collisional dissociation was used for ion fragmentation
with a normalized collision energy of 32%. Fragment ions were
detected in the Orbitrap at a resolution of 30000, with a normal-
ized AGC target of 200%.

2.4 | Database Search

DIA-NN was used to analyze the DIA data using a library-free
method. MS/MS data were searched against protein sequences
downloaded from the UniProt database with the following pa-
rameters: Enzyme specificity, trypsin/P; maximum missed
cleavages, 2; fixed modification, carbamidomethyl (C); variable
modifications, oxidation (M) and acetyl (protein N-terminus);
precursor mass tolerance, 20 ppm; and fragment mass tolerance,
0.05Da. The results were filtered at an FDR of 1%, and only pro-
tein groups that passed this filtering criterion were included in
downstream analyses.

2.5 | ELISA Detection of Rheumatoid
Factor (RF)-IgA, RF-IgG, and SERPINA3

According to the manufacturer's instructions provided with
the ELISA kit, plasma samples were diluted to the required

concentration. The diluted samples were then aliquoted into
a 96-well plate, followed by the addition of the corresponding
antibodies and substrates according to the protocol. Incubation
and colorimetric reactions were performed in strict accordance
with the manufacturer's guidelines. Absorbance values were
measured using an ELISA plate reader, and the data were an-
alyzed to determine the concentrations of the target proteins in
the samples.

2.6 | Statistical Analysis

Statistical analysis was performed using R (version 4.0.0). Raw
protein intensities were normalized using the “median” method.
Hierarchical clustering was conducted using the pheatmap
package. Analysis of significantly differentially expressed pro-
teins was performed using the metaX package. A t-test was used
for differential expression analysis, and proteins with a p-value
<0.05 and a fold change >1.2 were considered statistically sig-
nificant. Hypergeometric-based enrichment analyses of Kyoto
Encyclopedia of Genes and Genomes (KEGG) pathways, Gene
Ontology (GO) terms, and Reactome pathways were performed
to annotate protein sequences. Subcellular localization was pre-
dicted using WoLF PSORT. For datasets that conformed to a nor-
mal distribution, data were expressed as the mean =+ standard
deviation, and comparisons between groups were performed
using the independent-samples t-test. For datasets that did not
conform to a normal distribution, data were expressed as the
median and interquartile range, and the Mann-Whitney U test
was used. Correlation analysis was performed using Spearman’s
rank correlation coefficient. A p-value <0.05 was considered
statistically significant.

3 | Results
3.1 | Differential Protein Expression Analysis

A statistical analysis was conducted to determine the number
of differentially expressed proteins between patients with RA
and healthy controls. Upregulated proteins are shown in red,
whereas downregulated proteins are shown in blue. A volcano
plot was generated with log2(fold change, FC) on the x-axis
and —logl0(p-value) on the y-axis to visualize the results of
the differential expression analysis. In this plot, red dots rep-
resent significantly upregulated proteins, blue dots represent
significantly downregulated proteins, and gray dots indicate
proteins that were not significantly differentially expressed.
Additionally, a heatmap was generated with samples on the
x-axis and selected differentially expressed proteins on the y-
axis. The color gradient represents relative protein expression
levels, ranging from blue (low expression) to white and red
(high expression). Furthermore, the subcellular localization of
the differentially expressed proteins was analyzed and is pre-
sented in Figure 1. To illustrate variability in protein expres-
sion within and between groups, box plots were constructed
to depict the expression levels of the nine proteins with the
lowest p-value. This analysis revealed significant differences
in the expression of these key proteins between patients with
RA and healthy controls and provided a foundation for subse-
quent functional studies.
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FIGURE 1 | Differential Protein Expression Analysis: (A) Volcano plot of differentially expressed proteins; (B) summary of differentially ex-
pressed proteins; (C) subcellular localization of differentially expressed proteins; (D) heatmap of differentially expressed proteins; (E) box plots of the

top nine proteins with the smallest p-value.

3.2 | Enrichment Analysis of Differential Proteins

To gain further insight into the functional roles of the differ-
entially expressed proteins, GO enrichment analysis was per-
formed. Three visualization methods—bar plots, circular plots,
and scatter plots—were used to present the results. The bar plot
highlights the number of enriched proteins in each pathway.
For Biological Process, enrichment was primarily observed in
G0:0002250 | adaptive immune response, GO:0006955 | im-
mune response, and GO:0006953 | acute-phase response. For
Cellular Component, enrichment was mainly associated with
GO0:0005576 | extracellular region, GO:0005615 | extracellular
space, and GO:0070062 | extracellular exosome. For Molecular
Function, enrichment was concentrated in GO:0003823 | anti-
gen binding, GO:0046872 | metal ion binding, and G0:0042802
| identical protein binding.

The circular plot emphasizes the classification and overall dis-
tribution of enriched pathways. For Biological Process, enrich-
ment was mainly observed in GO:0002250 | adaptive immune
response, GO:0007596 | blood coagulation, and GO:0006953
| acute-phase response. For Cellular Component, enrichment
was primarily associated with GO:0005886 | plasma membrane,
GO0:0005576 | extracellular region, and GO:0005788 | endoplas-
mic reticulum lumen. For Molecular Function, enrichment was
mainly concentrated in GO:0042802 | identical protein binding,
GO0:0005102 | signaling receptor binding, and GO:0008201 |
heparin binding.

The scatter plot provides a comprehensive visualization of
multidimensional enrichment information. Certain GO terms
exhibit high enrichment factors and are associated with a rel-
atively large number of proteins, appearing as larger points in
the plot. For example, GO terms related to the extracellular
region (GO:0005576 | extracellular region) and antigen bind-
ing (GO:0003823 | antigen binding) demonstrate significant
enrichment.

Additionally, KEGG enrichment analysis was performed on
the differentially expressed proteins. The bar plot shows that,
for Cellular Processes, enrichment was primarily observed in
hsa04810 | regulation of actin cytoskeleton, hsa04216 | ferropto-
sis, and hsa04115 | p53 signaling pathway. For Environmental
Information Processing, enrichment was mainly associated
with hsa04066 | HIF-1 signaling pathway, hsa04068 | FoxO
signaling pathway, and hsa04014 | Ras signaling pathway. For
Genetic Information Processing, enrichment was concentrated
in hsa04141 | protein processing in endoplasmic reticulum and
hsa04120 | ubiquitin-mediated proteolysis. For Human Diseases,
enrichment was primarily observed in hsa05200 | pathways
in cancer, hsa05171 | coronavirus disease-COVID-19, and
hsa05143 | African trypanosomiasis. For Metabolism, enrich-
ment was centered in hsa01100 | metabolic pathways, hsa01200
| carbon metabolism, and hsa00780 | biotin metabolism. For
Organismal Systems, enrichment was mainly associated with

hsa04610 | complement and coagulation cascades, hsa04918
| thyroid hormone synthesis, and hsa04935 | growth hormone
synthesis, secretion, and action.

Furthermore, for Cellular Processes, enrichment was also
observed in hsa04510 | focal adhesion, hsa04218 | cellular se-
nescence, and hsa04810 | regulation of actin cytoskeleton. For
Environmental Information Processing, enrichment was ob-
served in hsa04010 | MAPK signaling pathway, hsa04014 | Ras
signaling pathway, and hsa04064 | NF-xB signaling pathway.
For Genetic Information Processing, enrichment was identi-
fied in hsa04120 | ubiquitin-mediated proteolysis and hsa04141
| protein processing in endoplasmic reticulum. For Human
Diseases, enrichment was observed in hsa05171 | coronavirus
disease-COVID-19, hsa05146 | amoebiasis, and hsa05144 | ma-
laria. For Metabolism, enrichment was detected in hsa00563 |
glycosylphosphatidylinositol-anchor biosynthesis, hsa00670 |
one carbon pool by folate, and hsa00340 | histidine metabolism.
For Organismal Systems, enrichment was observed in hsa04935
| growth hormone synthesis, secretion, and action, hsa04610 |
Complement and coagulation cascades, and hsa04918 | Thyroid
hormone synthesis.

In the scatter plot, enrichment was primarily concentrated in
hsa04610 | complement and coagulation cascades, hsa05143 |
African trypanosomiasis, and hsa05144 | malaria (Figure 2).

Structural domain enrichment analysis of the differentially ex-
pressed proteins revealed that upregulated proteins were mainly
enriched in domains such as IPR013106 [Immunoglobulin
V-set domain, IPR036179/Immunoglobulin-like domain su-
perfamily, and IPR007110 [Immunoglobulin-like domain. In
contrast, downregulated proteins were predominantly enriched
in domains including IPR013783 [Immunoglobulin-like fold,
IPR023795 ISerpin conserved site, IPR023796 [Serpin domain,
and IPR036186 ISerpin superfamily. Reactome enrichment
analysis demonstrated that these differentially expressed pro-
teins were primarily enriched in R-HAS-109582 |Hemostasis,
R-HAS-166658 |Complement, and R-HAS-166663 |Initial trig-
gering of complement pathways, regardless of upregulation or
downregulation. Disease Ontology (DO) enrichment analysis
showed that upregulated proteins were mainly associated with
pathways related to DOID:1621lcancer, DOID:7148| rheuma-
toid arthritis, and DOID:18481larthritis, whereas downregu-
lated proteins were primarily associated with terms including
DOID:1621lcancer, DOID:2251Isyndrome, and DOID:4|disease
(Figure 3).

3.3 | Analysis of Differential Protein-Protein
Interaction (PPI) Networks

To investigate protein interactions, the complete set of differ-
entially expressed proteins—both upregulated and downregu-
lated—was imported into the STRING database [16] for network
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FIGURE 2 | GO and KEGG enrichment analysis: (A) GO enrichment bar chart; (B) circular plot of GO enrichment; (C) GO enrichment scatter
plot; (D) KEGG enrichment bar chart; (E) circular plot of KEGG enrichment; (F) KEGG enrichment scatter plot.

interaction analysis. The results revealed complex interconnec-
tions among these proteins, providing insight into their coordi-
nated functions in the context of RA.

In this study, a comprehensive analysis of the upregulated proteins
was first conducted. To further characterize their functional roles,
the bioinformatics platform Metascape [17] was used to perform
GO enrichment analysis. The GO results showed that the upreg-
ulated proteins were significantly enriched in several biological
processes, including adaptive immune response, immunoglobulin
production, acute-phase response, neutrophil degranulation, de-
fense response to bacteria, and complement activation.

Furthermore, Metascape was used to construct a PPI network
of the upregulated proteins to identify potential functional as-
sociations. Within this PPI network, the MCODE (Molecular
Complex Detection) algorithm was applied to identify densely
connected protein clusters. In the MCODEI cluster, several key
proteins were identified, including SERPINA1, SERPINA3,
HP (haptoglobin), CP (ceruloplasmin), and ORM1 (orosomu-
coid 1, also known as a-1-acid glycoprotein 1). These proteins
exhibited high connectivity within the PPI network and may
collectively contribute to the regulation of the biological pro-
cesses described above (Figure 4).

3.4 | Analysis of SERPINA3 Expression Levels

In this study, ELISA was used to analyze plasma samples from
patients with RA and healthy controls. Receiver operating char-
acteristic (ROC) analysis was performed, and the Youden index
was maximized to determine an optimal cutoff value of 16.32

for distinguishing elevated plasma SERPINA3 levels in patients
with RA from those in healthy controls. This cutoff yielded a sen-
sitivity of 68.09% and a specificity of 75.00% (AUC =0.7629, 95%
CI: 0.6534-0.8724). Compared with the healthy control group,
plasma SERPINA3 levels were significantly elevated in patients
with RA. In patients with low and moderate disease activity,
plasma SERPINA3 levels were 16.36 (12.38, 19.78), which dif-
fered significantly from those in healthy controls [7.585 (3.575,
16.41); p=0.0256]. In patients with high disease activity, plasma
SERPINA3 levels further increased to 22.34 (13.80, 34.21), and
the difference compared with healthy controls was highly sig-
nificant (p <0.0001). Moreover, patients with high disease ac-
tivity exhibited higher plasma SERPINA3 levels than those with
low and moderate disease activity (p=0.0154).

Correlation analysis was further performed to evaluate the as-
sociation between SERPINA3 levels and RA disease activity
indicators. SERPINA3 levels were positively correlated with
erythrocyte sedimentation rate (ESR) (r=0.3903, p=0.0067),
C-reactive protein (CRP) (r=0.3254, p=0.0256), tender joint
count (r=0.2939, p=0.0450), swollen joint count (r=0.2877,
p=0.0499), and Disease Activity Score 28 (DAS28) (r=0.3990,
p=0.0055). However, no significant correlation was observed
between SERPINA3 levels and RF (r=0.0040, p=0.9828), RF-
IgG (r=0.0938, p=0.6036), or RF-IgA (r=0.2390, p=0.1484).

In a subgroup analysis, patients with RA were stratified
into three groups according to RF levels: <20, 20-100, and
>100. Comparison of SERPINA3 levels among these RF-
based subgroups revealed no statistically significant differ-
ences (p>0.05). Similarly, patients were stratified according
to anti-cyclic citrullinated peptide (ACCP) antibody levels
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into three groups: <7, 7-500, and > 500. Comparative analy-
sis of SERPINA3 levels among these ACCP-based subgroups
also showed no statistically significant differences (p>0.05)
(Figure 5).

4 | Discussion

This study focused on RA and identified SERPINA3 as a po-
tential biomarker for both diagnosis and prognosis. Recent
proteomic studies have provided important insights into RA
pathogenesis, including alterations in protein lactylation, con-
cordance between synovial fluid and blood proteomes, and
stage-specific autoantibody changes, all of which facilitate dis-
ease prediction and precision therapy [18, 19]. These findings
have laid the foundation for exploring novel RA biomarkers and
therapeutic targets.

Using comprehensive bioinformatics analyses—including GO,
KEGG, Reactome, domain enrichment, DO, and PPI network
analysis—we systematically characterized plasma proteomic
differences between patients with RA and healthy controls to
identify potential diagnostic and prognostic biomarkers. We
observed that the plasma levels of several proteins, includ-
ing SAA1, SAA2, haptoglobin, ceruloplasmin, ORM1, LRGI,
ICAM1, LBP, SERPINA1, and SERPINA3, were significantly
elevated in patients with RA compared with healthy controls.
These proteins may be closely associated with inflammatory
pathways, cartilage degradation, and autoimmune mechanisms
involved in RA. We also observed downregulation of proteins
such as GPX3, PON1, APOA2, and ITIH2 in the plasma of pa-
tients with RA. These proteins are primarily involved in main-
taining physiological homeostasis but may be suppressed or
dysregulated during RA pathogenesis.

Notably, domain enrichment analysis demonstrated that the dif-
ferentially expressed proteins were predominantly enriched in
serpin-type peptidase inhibitor domains, suggesting that an im-
balance between proteases and serpins may constitute a key mo-
lecular mechanism underlying RA pathogenesis. These findings
further support the critical role of SERPINA3 in regulating pro-
teolytic activity, which is essential to the pathophysiological pro-
gression of RA. Consistent findings from KEGG and Reactome
pathway analyses demonstrated significant enrichment of
RA-related pathways, including complement and coagulation
cascades, endoplasmic reticulum protein processing, ubiquitin-
mediated proteolysis, hemostasis, complement activation (C4/
C2 activation), and FCGR-mediated immune activation. These
pathways are closely associated with autoantibody-dependent
immune complex formation and chronic inflammation in RA,
and their aberrant activation exacerbates immune cell infil-
tration, synovial damage, and local microthrombosis within
the joints. SERPINA3 may fine-tune local immune activation
by modulating the proteolytic processing of antibodies, Fc re-
ceptors, or complement components. Specifically, it may regu-
late proteases involved in C4/C2 activator formation, thereby
directly influencing complement activation. In addition,
SERPINA3 may inhibit key proteases within the complement
and coagulation cascades, thereby modulating pathway activa-
tion and progression and influencing host immune responses
and hemostatic balance in patients with RA. Furthermore,

SERPINA3 was identified as a central hub gene in the MCODE1
module of the PPI network, exhibiting strong interactions with
multiple inflammation- and protease-related proteins. This hub
status suggests that SERPINA3 may participate in the assembly
of functional protein complexes to coordinately regulate critical
processes in RA pathogenesis, including proteolysis, immune
responses, and inflammatory amplification. Notably, the poten-
tial compensatory role of SERPINA3 in RA remains to be fully
elucidated. Although our data indicate that SERPINA3 may mit-
igate excessive tissue damage by inhibiting proteolysis, its up-
regulation may also contribute to RA pathogenesis by disrupting
hemostasis or impairing immune complex clearance, reflecting
a dual functional role similar to that observed in other inflam-
matory diseases.

The central role of SERPINA3 in the PPI network suggests that
it may function as a key regulator of the pathways described
above. Among the top upregulated proteins, SERPINA3 was
selected for experimental validation in the present study based
on multiple lines of evidence. Our proteomic data demonstrated
markedly elevated plasma levels of SERPINA3 in patients with
RA. In addition, domain enrichment, KEGG, and Reactome
analyses consistently associated SERPINA3 with core patho-
logical processes of RA, including serpin dysfunction, dysreg-
ulated complement and coagulation cascades, and aberrant
immune-inflammatory pathways. Furthermore, the identifica-
tion of SERPINA3 as a hub protein in the PPI network supports
its potential regulatory role within this interaction network.
Accordingly, SERPINA3 was prioritized for validation using
ELISA to characterize its expression profile, verify its involve-
ment in RA pathogenesis, and evaluate its potential as a diag-
nostic and prognostic biomarker.

Thestudy findingsrevealed asignificantdifferencein SERPINA3
levels between patients with RA and healthy controls, high-
lighting its potential as a diagnostic biomarker. Further analy-
sis demonstrated markedly elevated plasma SERPINA3 levels
in patients with RA. Notably, plasma SERPINA3 levels in pa-
tients with low disease activity were already higher than those
in healthy individuals and increased further in patients with
high disease activity, showing a strong correlation with disease
activity. In addition, SERPINA3 levels were correlated with RA
disease activity indicators, including ESR, CRP, tender joint
count, swollen joint count, and the DAS28, suggesting that ele-
vated SERPINA3 levels may reflect enhanced inflammatory re-
sponses in patients with RA. However, no significant correlation
was observed between SERPINA3 levels and RF or its subtypes
(RF-IgG and RF-IgA). Although RF is a common autoantibody
detected in the plasma of patients with RA, its association with
disease activity remains inconsistent. These findings indicate
that the mechanism by which SERPINA3 contributes to RA
pathogenesis may differ from that involving RF. Compared with
previous studies, the present investigation is the first to system-
atically characterize the plasma expression profile of SERPINA3
in RA and its association with disease activity. Although prior
research has reported aberrant SERPINA3 expression in other
inflammatory conditions, including neurodegenerative disor-
ders and inflammatory bowel disease, its relationship with dis-
ease activity has not been thoroughly examined [20, 21]. This
study extends these findings by clarifying the distinct role of
SERPINA3 in RA, demonstrating that plasma SERPINA3 levels
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may serve as a dynamic indicator of inflammatory burden and
overall disease activity. Notably, RF and anti-citrullinated pro-
tein antibodies are RA-specific autoantibodies primarily used
for diagnostic and classification purposes. Although both are
commonly detected in patients with RA, their titers do not con-
sistently correlate with disease activity. In contrast, SERPINA3
appears to play a regulatory role more directly related to the
dynamic balance of inflammatory responses. Consequently, a
direct linear correlation may not exist between SERPINA3 lev-
els and RF or ACCEP titers. The variation in SERPINA3 levels
across different stages of disease activity, together with its lack
of association with RF and ACCP, suggests a distinct mecha-
nism underlying its involvement in inflammation and immune
regulation. These findings deepen our understanding of RA
pathogenesis and indicate that SERPINA3 holds promise as a
novel biomarker for disease diagnosis, therapeutic monitoring,
and prognostic assessment.

In addition, CRP and ESR, which are widely used inflammatory
markers, play important roles in the diagnosis and monitoring
of RA. However, their specificity is relatively limited, as their
levels may increase in a wide range of inflammatory and non-
inflammatory conditions. In contrast, our findings suggest that
SERPINA3 demonstrates greater specificity, indicating that it
may provide additional value in distinguishing RA from other
disease states and reducing false-positive results. The higher
specificity of SERPINA3 supports its potential as a supplemen-
tary biomarker. Combining SERPINA3 with CRP or ESR may
improve diagnostic accuracy by integrating complementary in-
formation. Moreover, SERPINA3 may offer unique insights into
the pathogenesis and progression of RA. Given its regulatory
role in inflammatory and immune processes, further investiga-
tion of its signaling pathways and molecular mechanisms may
help identify key factors involved in disease initiation and pro-
gression. In the future, SERPINA3 may represent a promising
therapeutic target and provide a rationale for the development of
more specific and effective treatments for RA.

Although this study employed DIA proteomics, which offers
advantages such as high throughput, enhanced sensitivity, and
reliable data quality, several limitations should be acknowl-
edged. First, the relatively small sample size may have limited
the statistical power, particularly for subgroup analyses (e.g.,
comparisons among patients with different levels of disease
activity). Second, as a cross-sectional study, it could not estab-
lish a causal relationship between SERPINA3 levels and RA
progression. Third, the absence of patients with other autoim-
mune diseases as disease controls limited the ability to deter-
mine whether elevated SERPINA3 levels are specific to RA.
Finally, the molecular mechanisms regulating SERPINA3 ex-
pression were not investigated, which restricts understanding
of its precise role in RA pathogenesis. Several issues remain
unresolved. The specific mechanism by which SERPINA3 con-
tributes to RA remains unclear, and the combined diagnostic
value of SERPINA3 with other established biomarkers has not
been evaluated. To address these limitations, future studies
should include larger sample sizes, adopt longitudinal designs to
monitor dynamic changes in SERPINA3 levels in patients with
RA, and assess its combined diagnostic performance with other
biomarkers. Furthermore, the use of gene-editing approaches,

such as CRISPR/Cas9-mediated knockout or overexpression of
SERPINA3, may help clarify its role in RA-related inflamma-
tion and joint destruction.

In summary, using DIA proteomics and bioinformatic analyses,
this study identified SERPINA3 as a novel plasma biomarker
elevated in patients with RA. SERPINA3 is closely associated
with disease activity and is involved in multiple core pathways
implicated in RA pathogenesis. These findings provide new in-
sights into RA pathogenesis and support the potential clinical
utility of SERPINA3 in diagnosis, therapeutic monitoring, and
prognostic assessment.
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A 62-year-old woman presented with a 10-year history of recurrent for degenerative knee disease with oral etoricoxib and local ther-
knee pain and functional limitation. Plain radiographs demon- apy, without meaningful improvement. Whole-body 99mTc-MDP
strated bilateral degenerative changes, leading to initial treatment ~ bone scintigraphy showed focal increased radiotracer uptake in
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FIGURE1 | Imaging findings of the patient. (A) Whole-body bone scintigraphy with **»Tc-MDP showing increased radiotracer uptake in the left
knee joint; (B) MRI demonstrating bone marrow edema in the distal left femur.
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the left knee (Figure 1A), whereas MRI revealed bone marrow
edema-like signal in the distal left femur (Figure 1B).

Although imaging findings initially supported a diagnosis of osteo-
arthritis, the relapsing clinical course, inadequate response to con-
ventional treatment, and osseous abnormalities not fully explained
by osteoarthritis prompted further clinical reassessment. Following
evaluation, chronic nonbacterial osteitis (CNO) was clinically fa-
vored. Intravenous bisphosphonate therapy resulted in marked
pain relief and restoration of independent ambulation. CNO should
be differentiated from osteoarthritis by considering its relapsing
bone-pain course, discordance between symptoms or osseous le-
sions and degenerative changes, and appropriate evaluation for
alternative diagnoses, including infection and malignancy [1-4].
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ABSTRACT

Background: Since gout is a common metabolic arthritis caused by urate crystal deposition, urate-lowering therapy (ULT) is
clearly indicated, but the initiation of ULT frequently causes paradoxical acute flares that in turn impair patient adherence.
Objective: This study sought to assess the effectiveness and safety of an ultra-low-dose initiation strategy for febuxostat (10 mg/
day) compared to the standard starting dose (20 mg/day) in reducing initiation-related flares while maintaining long-term urate
control.

Methods: 120 male patients with primary gout presenting with acute arthritis were randomly assigned to initiate febuxostat
at 10mg/day (Group A) or 20mg/day (Group B), with protocol-mandated biweekly titration. The primary outcomes were gout
flare frequency over 24 weeks (assessed using Poisson regression), serum uric acid (SUA) target attainment, and the incidence of
adverse events.

Results: Although both groups achieved comparable target SUA levels by week 24, Group A demonstrated a significantly
lower overall flare incidence (36.7% vs. 70.0%; p <0.001), along with a greater percentage of flare-free patients (70.0% vs. 46.7%;
p=0.016). Multivariable Poisson regression revealed that Group B had an approximately twofold higher risk of flares compared
to Group A (Incidence Rate Ratio=1.95; p=0.012), with obese patients deriving the most pronounced benefit from the ultra-
low-dose approach. To avert one additional flare, the calculated number needed to treat was 4.3. Additionally, the occurrence
of clinically significant liver injury (ALT/AST > 3x ULN) was low in both groups, with 3.3% in Group A and 1.7% in Group B.
Multivariable regression analysis confirmed that LDL-C is an independent predictor of ALT (§=12.90, p=0.009), while febux-
ostat dosage was not linked to hepatotoxicity.

Conclusion: Initiating febuxostat at a dose of 10mg/day with gradual titration demonstrates a superior safety profile by effec-
tively reducing early acute flares without compromising long-term urate control, which is particularly advantageous for high-
risk cohorts, including obese patients.

Abbreviations: ALT, alanine aminotransferase; ARD, absolute rate difference; AST, aspartate aminotransferase; BMI, body mass index; BUN, blood urea nitrogen;
Cys-C, cystatin C; FBG, fasting blood glucose; GGT, glutamyl aminotransferase; HCY, homocysteine; HDL-c, high-density lipoprotein cholesterol; IRRs, incidence rate
ratios; LDL-c, low-density lipoprotein cholesterol; MSU, monosodium urate; NNT, number needed to treat; PLT, platelet count; sCr, serum creatinine; SUA, serum uric
acid; TC, total cholesterol; TG, triglycerides; ULT, urate-lowering therapy; WBC, white blood cells.
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1 | Introduction

Gout, a prevalent metabolic arthropathy characterized by the
accumulation of monosodium urate crystals, manifests as se-
vere arthritis and tophaceous deposits, thereby threatening joint
integrity and renal function [1]. The worldwide burden of this
condition is rising, particularly within industrialized regions,
where it is strongly associated with comorbidities such as obesity
and hypertension [2]. While acute exacerbations significantly
diminish patient quality of life and increase medical expendi-
tures, the associated systemic inflammation further increases
cardiovascular risk, underscoring the urgent need for robust,
sustained therapeutic strategies [3].

The treatment of gout is divided into the management of acute
attacks and long-term urate-lowering therapy to dissolve crystals
and prevent disease progression [2, 4]. Acute flares are managed
with colchicine, NSAIDs, or corticosteroids, whereas chronic
management relies on urate-lowering therapy with xanthine oxi-
dase inhibitors [5]. Guidelines advocate a treat-to-target approach,
keeping serum urate below 360umol/L to avoid acute flares, or
below 300umol/L to dissolve crystal deposits [6]. A challenge
arises when starting therapy: paradoxical acute flares, or “mobi-
lization flares,” occur due to rapid urate reduction destabilizing
crystals, triggering inflammation [7, 8]. This can reduce patient
adherence, as flares are mistaken for treatment failure [9]. A key
focus in current gout management is the “start low, go slow” prin-
ciple when initiating urate-lowering therapy [10]. This involves a
low initial dose with gradual titration to avoid acute flares [11].

Febuxostat, a selective xanthine oxidase inhibitor, is an alterna-
tive for patients who are intolerant to allopurinol [12]. Guidelines
often recommend starting at 40 mg/day with possible titration to
80mg/day, though optimal dosing to balance efficacy and flare
risk is debated [13]. Starting doses such as 20mg/day may be
employed to enhance tolerability, typically alongside prophylac-
tic agents like colchicine, NSAIDs, or corticosteroids to prevent
flares without compromising efficacy [14, 15]. However, these
prophylactic agents carry risks: colchicine can cause bone mar-
row suppression and potential toxicity, NSAIDs may lead to gas-
trointestinal and renal problems, and corticosteroids can disrupt
glucose homeostasis. The effectiveness and safety of starting
therapy at low doses, particularly comparing 10 mg/day versus
20 mg/day, have not been thoroughly examined. This study aims
to define a refined regimen balancing early tolerability, long-
term urate control, and metabolic health for more precisely tai-
lored gout management.

2 | Materials and Methods
2.1 | Study Subjects

This study enrolled 120 male patients diagnosed with pri-
mary acute gouty arthritis presenting to the Northern Theater
Command General Hospital between January and March 2025.
The inclusion criteria were as follows: (1) fulfillment of the
“2015 American College of Rheumatology/European League
Against Rheumatism (ACR/EULAR) Classification Criteria for
Gout” [16]; (2) age between 18 and 70years; (3) no use of medica-
tions for preventing or treating gouty arthritis in the past month;

(4) intact cognitive function, with the ability to comprehend the
study material and provide appropriate responses. The exclusion
criteria were as follows: (1) coexisting acute or chronic infectious
diseases; (2) autoimmune disorders, hematologic diseases, ma-
lignancies, or secondary gout caused by medications; (3) signifi-
cant abnormalities in cardiovascular, hepatic, or renal function
tests; (4) previous use of urate-lowering drugs such as febuxostat
or benzbromarone within the past month; and (5) known al-
lergy or severe adverse reactions to the study medications [17].
The study protocol was approved by the Ethics Committee of
the Northern Theater Command General Hospital (Approval
No. 2025-145); informed written consent was obtained from all
participants.

2.2 | Experimental Design

Eligible participants were randomly assigned (1:1) to either
the ultra-low-dose febuxostat titration group (Group A) or the
conventional-dose group (Group B) using a permuted block ran-
domization scheme with variable block sizes of 4. An indepen-
dent statistician, uninvolved in patient enrollment or outcome
assessment, computer-generated the randomization sequence.
Allocation concealment was ensured via sequentially num-
bered, opaque, and sealed envelopes (SNOSE). After confirma-
tion of eligibility and informed consent, the enrolling physician
opened the subsequent sequentially numbered envelope to de-
termine the participant's treatment assignment.

Participants in Group A (n=60) began treatment with febux-
ostat at a dosage of 10 mg/day, while those in Group B (1= 60)
initiated treatment with 20mg/day. Urate-lowering therapy
(ULT) was commenced 2weeks after the resolution of acute
gout attacks. In Group A, dosages were increased by 10mg
every 2weeks, while in Group B, the increase was 20 mg every
2weeks. Dosages of febuxostat were adjusted according to
clinical signs and symptoms, as well as hepatic and renal func-
tion, alongside serum uric acid (SUA) levels. The target SUA
level was set at 200-360 umol/L for patients without tophi or
gouty nephropathy, and 200-300 umol/L for those with these
conditions. Patients achieving target SUA levels continued
maintenance therapy with a maximum febuxostat dosage of
80mg/day.

All patients underwent systematic evaluation starting from
treatment initiation, with in-person visits scheduled at weeks
4, 8, 12, and 24 for comprehensive biochemical assessment,
physical examination, and dose adjustment based on SUA
levels and tolerability. Additionally, telephone follow-ups
were conducted by a dedicated research nurse to assess symp-
toms, adverse events, and confirm dose escalation at weeks
2, 6, 10, 14, 18, and 22. Between in-person visits, dose esca-
lation followed a fixed algorithm unless contraindicated: (1)
In the absence of flares, ALT levels >3 X ULN, or SUA levels
<200umol/L, the dose was escalated according to the proto-
col. (2) If a flare occurred: flare treatment per protocol, dose
maintained (not increased) until 2 weeks post-resolution. (3) If
SUA <200 umol/L at any in-person visit: dose reduced by one
step. (4) If ALT levels exceeded 3XULN, febuxostat was dis-
continued until resolution. Patients maintained a medication
diary recording daily febuxostat intake, flare occurrences,
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and any symptoms. This diary was reviewed at each in-
person visit.

All patients were provided with health education and instructed
to adhere to a low-purine diet. Non-cardiovascular hyperlipid-
emic patients were managed with dietary intervention alone
(low-fat diet), whereas those with cardiovascular disease main-
tained their ongoing statin therapy (atorvastatin or rosuvasta-
tin). Patients with hyperhomocysteinemia received daily oral
supplementation of 0.8 mg folic acid, 10mg vitamin B6, and
25ug vitamin B12. During gout flares, patients received oral
etoricoxib (60-120mg/day) or prednisone (10-30mg/day for
refractory cases) for up to 1week, without interruption of the
febuxostat regimen. Concomitant use of colchicine and other
nonsteroidal anti-inflammatory drugs was withheld. The dose
titration schedule resumed as protocolized 2 weeks after the res-
olution of acute symptoms.

2.3 | Data Collection
2.3.1 | General Information

During the first visit, we gathered information on the patient'’s
age, height, weight, duration of illness, location and number of
swollen or painful joints, presence of tophi, frequency of previ-
ous gout attacks, comorbidities (such as diabetes, dyslipidemia,
hypertension, and coronary heart disease), prior medication use
(including urate-lowering drugs and anti-inflammatory analge-
sics), and family history. The Body Mass Index (BMI) was calcu-
lated using the formula BMI=weight (kg)/height? (m?).

2.3.2 | Biochemical Indicators

Venous blood samples were obtained after an overnight fast to
evaluate the following parameters: complete blood count (in-
cluding white blood cells [WBC] and platelets [PLT]), serum uric
acid (SUA), liver function markers (alanine aminotransferase
[ALT], aspartate aminotransferase [AST], and gamma-glutamyl
transferase [GGT]), renal function parameters (serum creati-
nine [sCr], cystatin C [Cys-C], and blood urea nitrogen [BUN]),
fasting blood glucose (FBG), lipid profile (total cholesterol [TC],
triglycerides [TG], high-density lipoprotein cholesterol [HDL-
C], and low-density lipoprotein cholesterol [LDL-C]), and ho-
mocysteine (HCY). Additionally, midstream clean-catch urine
samples were collected for routine urinalysis, including the re-
cording of urine pH.

2.3.3 | Imaging Data
Ultrasonography of the urinary system and affected joints was

performed.

2.3.4 | Observation Indicators

The main outcome measure was the frequency of gout attacks.
Secondary outcomes included alterations in SUA levels, liver and
kidney function parameters, lipid profiles, and the incidence of

adverse events. The CONSORT flow diagram for this study is
presented in Figure 1.

2.4 | Statistical Analysis

Statistical analyses were conducted using SPSS version 26.0
(IBM Corp., Armonk, NY, USA) and Python (version 3.x with
the StatsModels package). The normality of continuous vari-
ables was evaluated through the Shapiro-Wilk test and by vi-
sually inspecting Q-Q plots. Normally distributed continuous
variables were reported as the mean +standard deviation (SD),
and intergroup differences were assessed using independent-
samples t-tests. For within-group comparisons of pre- and post-
treatment measurements, paired-samples ¢-tests were utilized.
Non-normally distributed continuous variables were presented
as the median (interquartile range [IQR]), with intergroup
comparisons carried out using the Mann-Whitney U test.
Categorical variables were summarized as frequencies and per-
centages [n (%)], and group comparisons were performed using
the chi-square test or Fisher's exact test when any cell had an
expected frequency of < 5.

The primary outcome was analyzed using Poisson regression.
Negative binomial regression was performed as a sensitivity
analysis to account for potential overdispersion. A zero-inflated
Poisson (ZIP) model was additionally fitted to distinguish be-
tween “structural zeros” and “sampling zeros” and to evaluate
the robustness of the findings. Quasi-Poisson regression was
further employed to obtain robust standard errors in the pres-
ence of mild overdispersion. Multivariable Poisson and neg-
ative binomial regression models were constructed to adjust
for potential confounders. Subgroup analyses were performed
based on predefined stratification variables. Interaction terms
between the treatment group and each stratification variable
were tested within the multivariable Poisson model to assess ef-
fect modification. Absolute rate difference (ARD) and number
needed to treat (NNT) were calculated to translate the relative
effect estimates into clinically interpretable measures. To assess
the statistical power of the primary outcome analysis, a post hoc
power analysis was performed using the observed effect size and
sample size.

All statistical tests were two-sided. A p value <0.05 was consid-
ered statistically significant. Results were reported as incidence
rate ratios (IRRs) with 95% confidence intervals (CIs) unless oth-
erwise specified.

3 | Results

3.1 | Comparison of Baseline Clinical
Characteristics and Laboratory Indicators

As shown in Table 1, the baseline characteristics of the two
groups were comparable, showing no statistically significant
differences in age, disease duration, family history, BMI, an-
nual frequency of gout attacks, number and location of affected
joints, or prevalence of tophi and nephrolithiasis (all p>0.05).
Approximately 60% of patients in both groups presented with
dyslipidemia and hyperhomocysteinemia, and about 36% were
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FIGURE1 | CONSORT flow diagram of efficacy and safety of ultra-low starting dose febuxostat titration in primary gout.

obese, with no significant intergroup differences (all p>0.05).
The prevalence of diabetes, hepatic steatosis, and cardiovascu-
lar diseases was not significantly different between the groups
(all p>0.05). Prior medication histories showed no significant
differences between the groups. There were no significant dif-
ferences among the groups (all p > 0.05). Additionally, 60% of the
patients had previously used febuxostat, although inappropri-
ate use resulted in acute gout attacks. Baseline laboratory tests
(Table 1), including complete blood count (WBC, Hb, PLT), liver
function (ALT, AST, GGT), renal function (SCR, BUN, CYS-C),
fasting glucose, and lipid profile (TC, TG, LDL-C, HDL-C), were

assessed. No significant differences were found between the two
groups for these parameters, nor for serum uric acid (SUA) and
homocysteine (HCY) (all p>0.05).

3.2 | Longitudinal Changes in BMI
and Biochemical Markers Posttreatment

As indicated in Table 2, BMI decreased significantly in both
groups relative to baseline after treatment (p <0.05). Levels of
SUA, TC, LDL-C, and homocysteine were also considerably
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TABLE1 | Baseline clinical characteristics and laboratory parameters of the two gout groups.

Variables Group A (n=60) Group B (n=60) t/z/x? P
General information
Age (years) 35.0(25.3, 43.8) 33.0 (30.0, 41.0) -0.131 0.896
Duration (years) 4.0 (2.0, 7.0) 4.0 (2.3,6.0) —-0.235 0.814
Family history, n (%) 5(8.3%) 6 (10.0%) 0.100 0.752
BMI (kg/m?) 27.2(25.8, 29.7) 27.1(25.2, 28.9) —-0.294 0.769
Attacks per year 3.0 (2.0, 4.0) 2.0 (2.0, 4.0) -0.225 0.822
Number of joints involved 2.0 (1.0, 4.0) 2.0 (1.0, 3.8) -0.479 0.632
Affected joints
Metatarsophalangeal joint 49 (81.7%) 51 (85.0%) 0.240 0.624
Ankle 27 (45.0%) 31 (51.7%) 0.534 0.465
Knee 11 (18.3%) 13 (21.7%) 0.208 0.648
Other 31 (51.7%) 33(55.0%) 0.134 0.714
Comorbidities
Tophus, n (%) 10 (16.7%) 11 (18.3%) 0.058 0.810
Nephrolithiasis, n (%) 15 (25.0%) 9 (15.0%) 1.875 0.171
Cardiovascular disease, n (%) 15 (25.0%) 8 (13.3%) 2.636 0.104
Diabetes, 1 (%) 8 (13.3%) 5(8.3%) 0.776 0.378
Dyslipidemia, n (%) 34 (56.7%) 41 (68.3%) 1.742 0.187
Hepatic steatosis, n (%) 8 (13.3%) 9 (15.0%) 0.069 0.793
Obesity, 1 (%) 23 (38.3%) 22 (36.7%) 0.036 0.850
Hyperhomocysteinemia, n (%) 45 (75.0%) 35(58.3%) 3.750 0.053
Previous medication history
Allopurinol, n (%) 1(1.7%) 1(1.7%) 0.000 1.000
Febuxostat, 1 (%) 34 (56.7%) 40 (66.7%) 1.269 0.260
Benzbromarone, n (%) 7 (11.7%) 11 (18.3%) 1.046 0.306
NSAIDs, 1 (%) 59 (98.3%) 58 (96.7%) 0.000 1.000
Colchicine, n (%) 34 (56.7%) 33 (55.0%) 0.034 0.854
Glucocorticoids, n (%) 4(6.7%) 6 (10.0%) 0.436 0.509
Laboratory indicators
WBC (x10°/L) 7.14+1.62 7.52+£2.18 -1.069 0.287
Hb (g/L) 158.33+£12.32 157.8+11.7 0.228 0.820
PLT (x10%/L) 266.37+62.10 270.8+56.9 —0.408 0.684
ALT (U/L) 29.94 (17.73, 39.30) 29.2(22.5,42.4) -0.821 0.411
AST (U/L) 22.48 (17.79, 26.62) 22.3(18.7, 28.4) —0.420 0.675
GGT (U/L) 35.93 (23.15, 47.07) 32.5(23.1, 49.3) —0.459 0.646
BUN (mmol/L) 4.68 (3.70, 5.29) 4.19 (3.68, 4.97) —1.289 0.198
sCr (umol/L) 89.85(80.02,98.82) 86.59 (78.26, 98.80) —0.588 0.557
eGFR (mL/min/1.73m?) 97.99 (87.99, 112.35) 103.05 (87.28, 113.50) -0.299 0.765
(Continues)
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TABLE1 | (Continued)

Variables Group A (n=60) Group B (n=60) t/z/x? P
Cys-C (mg/L) 0.88 (0.79, 1.08) 0.88 (0.79, 1.08) -0.307 0.759
Glu (mmol/L) 5.22 (5.00, 5.55) 5.11 (4.82, 5.61) -1.270 0.204
TC (mmol/L) 5.07+0.87 5.08+£1.02 -0.075 0.940
TG (mmol/L) 1.76 (1.24,2.17) 2.02 (1.60, 2.47) —1.934 0.053
HDL-C (mmol/L) 1.08 (0.92,1.27) 1.01 (0.91, 1.15) -1.161 0.246
LDL-C (mmol/L) 3.09+0.79 3.10+£0.74 —0.088 0.930
UA (umol/L) 611.50 (557.25, 654.75) 595.50 (566.25, 659.00) ~0.580 0.562
HCY (umol/L) 18.24 (14.47, 31.29) 15.47 (13.26, 23.44) -1.506 0.132

lowered in both groups (p <0.05). Serum creatinine (sCr) levels
dramatically decreased, while the estimated glomerular filtra-
tion rate (¢GFR) increased in both groups (p <0.05), indicating a
significant improvement in renal function. Conversely, liver en-
zyme levels (ALT and AST) moderately increased in both groups
posttreatment, suggesting that febuxostat affected liver function
(p<0.05).

3.3 | Febuxostat Dose Comparison of Group A
and Group B

Figure 2A shows the distribution of final febuxostat doses. Group
A received a significantly lower mean dose (47.3 +£18.7mg) com-
pared to Group B (56.0+17.6 mg; t=—2.617, p=0.010). The me-
dian dose was 40.0mg in Group A versus 50.0mg in Group B.

The percentage distribution of dosages across both groups is
shown in Figure 2B.

Group A showed a broader distribution, spanning 20-80mg,
whereas Group B was concentrated in the 40-80 mg range, with
no patients receiving ultra-low doses.

Figure 2C presents dose stratification analysis (x?>=17.255,
p<0.001). Group A had 13.3% (8/60) of patients maintained on
20mg, 38.3% (23/60) on 30-40mg, 21.7% (13/60) on 50-60mg,
and 26.7% (16/60) on 70-80mg. Conversely, Group B had no pa-
tients in the 20mg category; 25.0% (15/60) received 30-40mg,
35.0% (21/60) received 50-60mg, and 40.0% (24/60) received
70-80mg. Figure 2D shows dose stratification by uric acid target
achievement (<360 umol/L at 24th week). In Group A, patients
who achieved the target had a significantly lower mean dose
compared to non-achievers (44.9+17.2mg vs. 74.0+13.4mg;
p=0.001), suggesting that ultra-low-dose titration was sufficient
for most patients. Group B showed comparable doses between
achievers and non-achievers, although the number of non-
achievers was small (n=2).

3.4 | Rates of Achieving Target Serum Uric
Acid Levels

As shown in Table 3, in patients without tophi, Group B demon-
strated a significantly higher rate of reaching target SUA

levels compared to Group A at week 4 (22.4% vs. 6.0%, p=0.019).
However, no statistically significant differences in target attain-
ment were found between the two groups at weeks 8, 12, and 24
(all p>0.05). In the subgroup of patients with tophi, while the
target achievement rate in Group A was numerically lower than
that in Group B at each follow-up time point, these differences
were not statistically significant (all p>0.05).

3.5 | Incidence of Acute Gout Flares During
Titration

At the 0-4, 4-8, 8-12, and 12-24week intervals, the incidence
of acute gout flares in Group B was 33.3% (20/60), 20.0% (12/60),
13.3% (8/60), and 3.3% (2/60), respectively. Although these rates
were higher than those in Group A [18.3% (11/60), 11.7% (7/60),
5.0% (3/60), and 1.7% (1/60)], the differences at each individual
time point did not reach statistical significance (all p>0.05).
However, over the cumulative 24-week period, Group A demon-
strated a 33.3% reduction relative to Group B (36.7% vs. 70.0%;
x*>=13.39, p<0.01). These findings are summarized in Figure 3.

Gout flare outcomes during the 24-week follow-up are shown in
Figure 4. There were notable differences in the distribution of
acute gout flares between the two groups (x*>=6.765, p=0.034).
The proportion of patients who remained flare-free was sig-
nificantly higher in Group A than in Group B (70.0% vs. 46.7%;
Xx*>=6.720, p=0.010). Conversely, Group B exhibited a greater
frequency of recurrent flares across all categories: > 1-flare rate
[53.3% vs. 30.0%, x>*=5.794, p=0.016] and > 2-flare rate [13.3%
vs. 6.7%, p=0.042].

3.6 | Poisson Regression Analysis of Gout
Flare Frequency

Poisson regression analysis revealed that patients in Group
B exhibited an approximately twofold higher risk of experi-
encing gout flares compared with those in Group A, with an
incidence rate ratio (IRR) of 1.95 (95% CI: 1.16-3.27, p=0.012;
Figure 5A) after multivariable adjustment for age, disease du-
ration, number of joints involved, pre-study flare frequency,
BMI, and baseline serum uric acid. This result remained ro-
bust across all other statistical models, including unadjusted
Poisson regression (IRR=1.91, 95% CI: 1.14-3.20, p=10.014),
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A. Dose Distribution by Group

B. Dose Proportion Distribution
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FIGURE 2 | Febuxostat dose comparison between Group A and Group B at week 24. *p <0.05, **p <0.01, ***p <0.001.
TABLE 3 | Proportion of patients achieving target serum uric acid levels in the two gout groups [% (n)].
Subgroup n Week 4 Week 8 Week 12 Week 24
Group A without tophi 50 6.0% (3) 46% (23) 76% (38) 96.0% (48)
Group B without tophi 49 22.4% (11) 65.3% (32) 87.8% (43) 98.0% (48)
x> 5.515 3.736 2.299 0.323
p 0.019 0.053 0.129 0.570
Group A with tophi 10 0% (0) 20.0% (2) 30.0% (3) 70.0% (7)
Group B with tophi 11 36.4% (4) 36.4% (4) 45.5% (5) 90.9% (10)
x> 2.443 0.119 0.078 0.439
p 0.090 0.635 0.659 0.311

adjusted and unadjusted negative binomial regression (ad-
justed IRR=1.97, 95% CI: 1.03-3.75, p=0.040; unadjusted
IRR=1.91, 95% CI: 1.02-2.53, p=0.044), and Zero-inflated
Poisson regression (ZIP; IRR=1.68, 95% CI: 1.00-2.84,
p=0.051). The marginal significance observed in the latter
model may be attributable to the high proportion of zero-
flare patients in Group A (70.0% vs. 46.7%). The deviance-
to-degrees-of-freedom ratio was 0.975 (x~1), indicating no
substantial overdispersion. The Poisson model yielded a lower
Akaike information criterion (AIC =227.14) compared with
the negative binomial model (AIC=237.58). Consequently,
Poisson regression was selected as the primary analytical
approach.

Stratified subgroup analyses based on baseline characteristics
revealed consistent directional trends in therapeutic effects
across the majority of patient cohorts (Figure 5B). Notably, in-
dividuals with obesity (defined as BMI >28kg/m?) derived the
greatest benefit from the ultra-low-dose initiation protocol,
yielding an incidence rate ratio (IRR) of 5.18 (95% confidence
interval: 1.76-15.23; p=0.003). These findings indicate that a
gradual titration approach may offer distinct clinical benefits,
particularly for this high-risk population.

Similarly, significant benefits were observed in patients
of younger age (<40years; IRR=2.30, 95% CI: 1.21-4.36,
p=0.011), those with elevated baseline sUA (>600umol/L;
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FIGURE4 | Gout flare outcomes of the two groups during the 24-week follow-up.

IRR=2.04, 95% CI: 1.03-4.05, p=0.041), and those with lower
pre-study flare frequency (<4 episodes/year; IRR=2.13, 95%
CI: 1.07-4.25, p=0.031). In contrast, no significant interaction
was found among patients aged 40years and older (IRR=1.22,
95% CI: 0.48-3.08, p=0.670). No statistically significant differ-
ences were observed in patients with a BMI of less than 28kg/
m? (IRR=1.21, 95% CI: 0.65-2.24, p=0.544) or those with base-
line SUA <600umol/L (IRR=1.79, 95% CI: 0.82-3.94, p=0.146),

although the point estimates were directionally consistent with
a benefit for Group A.

In Group A, the percentage of patients who remained flare-free
was considerably higher than in Group B (70.0% vs. 46.7%),
as shown in Figure 6 (p=0.016). Among patients who expe-
rienced at least one flare, the mean flare count was compara-
ble between the two groups (1.2 vs. 1.3, p=0.074). However,
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(A) IRR Estimates Across Different Statistical Models
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FIGURE 6 | Zero-inflation analysis of gout flare outcomes comparing Group A and Group B during 24-week follow-up.

Group A had a considerably lower overall mean flare count
than Group B (0.367 vs. 0.700) in all patients (p =0.012). The
absolute rate difference was 0.33 flares per 24 weeks, yielding

17.5

a number needed to treat (NNT) of 4.3 to prevent one addi-
tional gout flare episode. These findings indicate that the
core advantage of the ultra-low-dose initiation strategy lies
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in enabling a significantly higher proportion of patients to
achieve zero flares, rather than merely reducing recurrence
frequency among those who do flare.

Table 4 shows that the Number Needed to Treat (NNT) is 4.3,
indicating that for approximately four patients treated with
the 10-mg ultra-low-dose initiation strategy, one additional
gout flare can be prevented relative to the 20-mg conventional
strategy. The NNT is 15, meaning that for every 15 patients
treated with this strategy, one additional patient with multiple
flares can be prevented compared with the conventional 20-mg
strategy.

TABLE 4 | Clinical translation metrics.

Metric GroupA GroupB Difference NNT
Flare 30.0% 53.3% 23.3% 4.3
rate (>1
episode)
Multiple 6.7% 13.3% 6.7% 15.0
flare
rate (>2
episodes)
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3.7 | Incidence of Adverse Drug Reactions
3.7.1 | Liver Safety and Tolerability

As seen in Figure 7, (A-C) Box plots comparing baseline and
24th week liver enzyme levels for ALT (A), AST (B), and GGT
(C) in Group A and Group B. The upper limit of normal (ULN)
reference lines are indicated: 1xX ULN (40U/L for ALT, 40U/L
for AST, 60U/L for GGT) and 2x ULN (80U/L for ALT, 80U/L
for AST, 120U/L for GGT). (D) Changes in liver function pa-
rameters from baseline to 24th week. Rates of abnormal liver
function at week 24 (E). For ALT (p=0.589), AST (p=0.507),
and GGT (p=0.383), no significant differences were found be-
tween Group A and Group B. Group B had a greater proportion
of patients with ALT >40U/L (63.3%) than Group A (38.3%),
while ALT >80U/L rates were similar (6.7% vs. 6.7%). Group
A had a slightly higher rate (26.0%) than Group B (21.7%) for
GGT>60U/L. (F)Baseline ALT status subgroup analysis. Group
B demonstrated a significantly greater increase in ALT levels
among patients with normal baseline ALT compared to Group
A (p=0.003). Nevertheless, there was no statistically significant
difference between the groups in patients with increased base-
line ALT (p=0.332).

Shown in Figure 8A, significant positive correlations between
baseline liver enzymes and lipid profile parameters were
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FIGURE7 | Liver function changes and safety assessment in patients receiving febuxostat titration therapy. ULN, upper limit of normal; *p <0.05.
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A. Significant Correlations: Liver Function vs Lipid Profile
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FIGURE 8 | Integrated assessment of hepatic function in patients receiving dose-adjusted febuxostat treatment.

identified. ALT showed the strongest correlation with LDL-C
(r=0.365, p<0.001), followed by GGT with TG at the 24th week
(r=0.398, p<0.001) and AST with TG at the 24th week (r=0.352,
p<0.001). (B) Other significant correlations included negative
associations of ALT with age (r=-0.244, p=0.007) and AeGFR
(r=-0.230, p=0.012), and positive associations with uric acid
(r=0.241, p=0.008) and febuxostat dose (r=0.185, p=0.045).
(C) Multivariable linear regression coefficients (p<0.1) iden-
tified independent predictors of liver function. LDL-C was the
strongest predictor of baseline ALT (§=12.90, p=0.009); mean-
while, TG predicted GGT levels (3=4.92, p=0.040). Age was
negatively correlated with ALT (=-0.49, p=0.036). (D) Effect
sizes (Cohen's d) were assessed for group comparisons (Group B
vs. Group A). All effect sizes were small (d <0.2), suggesting no
clinically significant differences in liver function between the
ultra-low-dose titration (Group A) and standard-dose (Group B)
strategies at either baseline or the 24th week. (E) Dose-effect
sizes were compared between high-dose (60-80mg) and low-
dose (20-30mg) febuxostat. No dose-dependent hepatotoxicity
was observed, with all effect sizes remaining below 0.5.

3.7.2 | Cardiovascular Diseases Safety
No major cardiovascular events (such as angina pectoris, myo-

cardial infarction, and heart failure) occurred during the entire
follow-up period; however, there were 2 cases of palpitations

(3.3%) and 6 cases of blood pressure fluctuations (5.0%), specifi-
cally comprising 1 case of palpitations and 3 cases of blood pres-
sure fluctuations in Group A, and 3 cases of palpitations and 3
cases of blood pressure fluctuations in Group B.

A robustness assessment of the model in Figure 9 showed that
the primary finding was consistent across all multivariable ad-
justments. In the basic model (Model 1), Group B exhibited a sig-
nificantly higher flare incidence IRR =1.91; 95% CI: 1.14-3.20;
p=0.014). After adjusting for age, BMI, and disease duration
(Model 2), the effect estimate remained largely unchanged
(IRR=1.99; 95% CI: 1.18-3.35; p=0.010). The sequential in-
clusion of hyperhomocysteinemia (HHCY; HCY > 15umol/L;
Model 3: IRR=1.96; 95% CI: 1.16-3.33; p=0.012) and high car-
diovascular risk (composite score >2; Model 4: IRR=1.99; 95%
CI: 1.18-3.36; p=0.010) did not materially alter the treatment
effect. The fully adjusted model (Model 5), incorporating all co-
variates, yielded an IRR of 1.94 (95% CI: 1.15-3.29; p=0.013),
confirming the robustness of the primary finding.

HCY-Stratified Subgroup Analysis. Among patients with nor-
mal baseline homocysteine (<15umol/L; n=40), Group B
demonstrated a markedly elevated flare incidence (IRR = 3.46;
95% CI: 1.18-10.20; p=0.024). Conversely, in the high-HCY
subgroup (>15umol/L; n=2380), the treatment effect was at-
tenuated and nonsignificant (IRR=1.65; 95% CI: 0.88-3.11;
p=0.119). The formal interaction test between the treatment
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Sensitivity Analysis: HCY and CV Risk in Poisson Regression
(Group B vs Group A)
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FIGURE9 | Forest plot of incidence rate ratios (IRRs) comparing Group B with Group A across progressively adjusted Poisson regression models

and predefined subgroups.

group and HHCY status was nonsignificant (p=0.301), sug-
gesting this observed difference may reflect limited statistical
power in the smaller normal-HCY subgroup rather than true
effect modification.

CV Risk-Stratified Subgroup Analysis. Neither the high-CV-risk
subgroup (n=44; IRR=2.38; 95% CI: 0.94-6.03; p=0.067) nor
the low-CV-risk subgroup (n=76; IRR=1.81; 95% CI: 0.96-3.42;
p=0.067) achieved statistical significance, although both
demonstrated consistent effect directions favoring Group A. The
treatment-by-CV risk interaction was nonsignificant (p =0.632),
indicating no evidence of effect modification by cardiovascular
risk profile.

The ultra-low-dose febuxostat titration strategy (Group A)
consistently showed a reduced incidence of gout flares in com-
parison to the standard-dose initiation (Group B) across all
model specifications, with incidence rate ratio (IRR) estimates
consistently ranging from 1.9 to 2.0. This treatment effect was
particularly pronounced in patients with normal homocyste-
ine levels.

3.8 | Post Hoc Analysis and A Priori Calculation

Figure 10 depicts the correlation between sample size, effect
size, and statistical power within the study parameters.

In Panel A, the power curve illustrates that with an actual sam-
ple size of 60 participants per group (total n=120), the study
achieved a statistical power of 73.6% to detect the observed inci-
dence rate ratio (IRR =1.91) for the primary endpoint (shown by
the blue line). Although this figure is slightly below the conven-
tional threshold of 80% (represented by the dashed orange line),
it remains within acceptable limits for identifying clinically sig-
nificant effects. To attain a 90% power (indicated by the purple
dashed line), a projected sample size of 78 participants per group
was estimated.

Panel B presents the sensitivity analysis for effect size: The re-
quired sample size demonstrated a strong relationship with the
magnitude of the assumed effect size (IRR). For the observed IRR
of 1.91, a calculated sample size of 60 participants per group (in-
dicated by the red dashed line) falls within the acceptable range
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A. Power Curve by Sample Size
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FIGURE 10 | The relationship between sample size, effect size, and statistical power across the study parameters.

(green shaded area, 60-80 participants per group). However, if
the true effect size were to increase to an IRR of 2.0 or higher
(shown by the vertical red dashed line), the needed sample size
would decrease significantly, indicating that our study was suf-
ficiently powered to identify moderate to large treatment effects.

Panel C addresses dropout rate considerations: To mitigate the
potential impact of attrition, we calculated the required total
sample size across varying attrition scenarios. Our analysis
demonstrates that with an actual enrollment of 120 subjects
(indicated by the green dashed line), the study maintains suffi-
cient statistical power even under a projected 15% dropout rate
(red dashed line), which corresponds to a required initial cohort
of 141 individuals. This strategic buffer ensures that the final
analytic sample will satisfy target power specifications, despite
anticipated losses during the follow-up phase.

4 | Discussion
4.1 | Principal Findings and Clinical Implications

This study demonstrates that initiating febuxostat at an ultra-
low dose of 10mg/day followed by gradual titration signifi-
cantly reduces the incidence of acute gout flares during the
critical early phase of urate-lowering therapy (ULT) compared
to the conventional 20mg/day starting regimen. Over the 24-
week observation period, the cumulative flare rate in Group A
(10mg/day) was 30.0%, significantly lower than 53.3% in Group

B (20mg/day) (p=0.016). This finding challenges the conven-
tional paradigm that rapid urate reduction is universally ad-
vantageous, instead supporting a “steady and safe reduction”
strategy that prioritizes early tolerability without compromising
long-term efficacy [18, 19]. The clinical significance of this risk
reduction is further underscored by the zero-inflated distri-
bution of flares: 70.0% of patients in Group A remained com-
pletely flare-free throughout the study, compared to only 46.7%
in Group B (p=0.016). Poisson regression analysis confirmed
that Group B carried a 1.95-fold higher risk of gout flares (ad-
justed IRR=1.95, 95% CI: 1.16-3.27, p=0.012), a finding robust
across negative binomial and zero-inflated Poisson models. The
number needed to treat (NNT=4.3) indicates that for every
4-5 patients treated with the ultra-low dose strategy, one addi-
tional gout flare can be prevented—an effect size of substantial
clinical relevance [20]. These results align with the established
pathophysiological concept of the “trigger effect,” wherein rapid
declines in serum urate (SUA) destabilize synovial fluid ho-
meostasis, promoting monosodium urate (MSU) crystal shed-
ding and activating innate immune pathways, particularly the
NLRP3 inflammasome-mediated IL-1§ cascade [21, 22]. The
10mg/day regimen, with 10 mg increments every 2weeks, likely
achieved a more gradual SUA reduction, minimizing the acute
biochemical perturbation that provokes crystal-induced inflam-
mation. This mechanism is consistent with prior evidence that
initial high-dose febuxostat without preventive medications
significantly increases flare risk (HR 3.08; 95% CI: 1.34-7.07)
[7], whereas stepwise dose escalation can effectively suppress
attacks [23].
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Despite the superior flare profile, the ultra-low dose regimen did
not compromise long-term urate-lowering efficacy. Although
Group B demonstrated significantly higher target attainment
rates at weeks 4 and 8 in patients without tophi (22.4% vs. 6.0%,
p=0.019, 65.3% vs. 46%, p=0.053), this early advantage dissi-
pated by week 24, when both groups achieved comparable tar-
get attainment rates (96.0% vs. 98.0%). This “early heterogeneity,
later convergence” pattern emphasizes that while higher start-
ing doses accelerate initial SUA reduction, both strategies ulti-
mately achieve equivalent therapeutic goals [24, 25].

Notably, the final maintenance dose in Group A (47.3 £ 18.7mg/day)
was significantly lower than in Group B (56.0+17.6mg/day;
p=0.010), with 13.3% of Group A patients successfully main-
tained at 20-30mg/day—a range not observed in Group B. This
dose-sparing effect has important pharmacoeconomic implica-
tions, as minimizing febuxostat exposure may reduce both direct
medication costs and the cumulative risk of dose-dependent ad-
verse effects [26]. The ability to identify patients highly sensitive to
xanthine oxidase inhibition—potentially influenced by fractional
urate excretion or baseline metabolic profiles—opens avenues for
refined individualized treatment strategies [27, 28].

4.2 | Safety Profile: Hepatic and Cardiovascular
Considerations

4.2.1 | Hepatic Safety

Our study found that both ultra-low (10mg/day) and low
(20mg/day) starting doses of febuxostat demonstrated acceptable
hepatic safety over 24 weeks. The incidence of clinically significant
liver injury (ALT/AST >3% ULN) was low in both groups (3.3%
and 1.7%), consistent with or lower than rates reported in large
febuxostat safety trials (typically 4%-6%) [29]. Although univar-
iate analysis showed a weak correlation between dose and ALT
(r=0.185), this relationship was no longer observed in the multi-
variable model (p=0.323). Dose-stratified ANOVA demonstrated
no evidence of dose-dependent hepatotoxicity across the pre-
scribed range. These findings align with and extend prior observa-
tions that febuxostat-induced liver enzyme elevations are generally
mild, transient, and reversible [12]. Based on its pharmacokinetic
profile, febuxostat, which is primarily metabolized hepatically via
oxidation and glucuronidation, does not appear to induce cumula-
tive hepatic stress at lower initiation doses [12]. These findings are
particularly encouraging given the growing interest in individual-
ized, low-dose urate-lowering strategies to minimize early treat-
ment flares while maintaining long-term efficacy.

The present study identified lipid metabolism parameters as the
principal factors associated with hepatic enzyme elevations in
gout patients undergoing febuxostat therapy. LDL-C and TG
demonstrated significant positive correlations with ALT, AST,
and GGT [30]. Multivariable regression further confirmed
that LDL-C was an independent predictor of ALT (f=12.90,
p=0.009), even after adjusting for treatment group, body weight,
and other metabolic parameters. This finding suggests that gout
is frequently comorbid with metabolic syndrome, and hepatic
steatosis is prevalent in this population [31]. Elevations in liver
enzymes may reflect underlying metabolic dysregulation rather
than direct drug hepatotoxicity.

Collectively, our findings support the integration of this meth-
odology as a tailored, low-risk therapeutic option into clinical
practice. This is especially pertinent for individuals diagnosed
with metabolic syndrome, where the dual imperative of mini-
mizing polypharmacy while preserving potent urate-lowering
effects represents a key clinical goal.

4.2.2 | Cardiovascular Safety

During the 24-week follow-up period, no major adverse car-
diovascular events (MACE) occurred in either group, and the
incidence of cardiovascular-related adverse events, including
palpitations and blood pressure fluctuations, remained low
(3.3% vs. 5.0%). While these short-term outcomes are encourag-
ing, they must be interpreted with caution. The cardiovascular
implications of urate-lowering therapy (ULT) remain a topic of
ongoing debate [32]. The CARES trial demonstrated increased
cardiovascular mortality associated with febuxostat in patients
with established cardiovascular disease [33, 34]; however, the
FAST trial showed that febuxostat is non-inferior to allopurinol
therapy with respect to the primary cardiovascular endpoint,
and its long-term use is not associated with an increased risk of
death or serious adverse events compared with allopurinol [35].
Some Asian studies also don't indicate increased risk, but effects
depend on disease status, with increased heart failure risk in
some groups and protective effects in advanced CKD [36-38].
Cardiovascular risk appears dose-dependent, with higher doses
leading to worse outcomes [37]. Our ultra-low-dose regimen
(10-20 mg/day with gradual escalation) may reduce this risk by
limiting effective dose exposure and enabling early detection of
individual responses. Our young, low-risk cohort had no major
adverse events over 24weeks, but the study was not designed
for cardiovascular endpoints; our study population exhibited a
high prevalence of hyperhomocysteinemia, an independent car-
diovascular risk factor [39], received daily oral supplementation
of 0.8 mg folic acid, 10mg vitamin B6, and 25ug vitamin B12,
which may partially reduce the risk of major adverse cardio-
vascular events. So, our results suggest short-term tolerability.
Future RCTs are needed to confirm whether ultra-low dosing
maintains efficacy while reducing cardiovascular concerns.

4.3 | Subpopulation Effects and Precision
Medicine Implications

Subgroup analyses revealed that obese patients (BMI >28kg/
m?) derived the greatest benefit from the ultra-low-dose strat-
egy (IRR=5.18, 95% CI: 1.76-15.23, p=0.003). This finding
may reflect the pro-inflammatory adipokine profile and higher
baseline SUA levels characteristic of obesity, which amplify the
destabilizing effects of rapid urate reduction [40]. Additionally,
the effect size was more pronounced in patients with normal
baseline homocysteine levels (IRR=3.46, 95% CI: 1.18-10.20,
p=0.024), suggesting that the metabolic context modulates
treatment response. These observations support the broader
paradigm of precision medicine in gout management, where
individual metabolic phenotypes and genetic polymorphisms
(e.g., HLA-B*5801, urate transporter variants), and comorbidity
profiles should inform starting dose selection and titration algo-
rithms [21, 28, 41].
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4.4 | The “Re-Initiation Paradox” and Its Clinical
Implications in Real-World Settings

A salient observation within our study cohort is that nearly
60% of participants experienced acute gout flares precipitated
by preceding febuxostat exposure. This finding underscores a
well-documented clinical challenge known as the “re-initiation
paradox” associated with urate-lowering therapy (ULT) [42]. It
is widely acknowledged that the initiation of ULT or rapid dose
escalation—particularly with xanthine oxidase inhibitors such
as febuxostat—can paradoxically induce acute inflammatory ep-
isodes, especially during the initial weeks to months of treatment
[43]. The pathophysiological basis of this phenomenon lies in the
rapid mobilization and dissolution of monosodium urate crystals,
which results in a transient surge in crystal shedding and con-
sequently provokes an inflammatory cascade [44]. Suboptimal
dosing regimens, frequently encountered in real-world clinical
practice due to patient self-medication or inconsistent medical
guidance, may further exacerbate this complication. Existing evi-
dence strongly supports the implementation of a gradual, stepwise
dose-titration strategy to attenuate this early pro-inflammatory
response and enhance long-term adherence to ULT protocols [11].

Moreover, insufficient counseling regarding the transient nature
of flares upon commencing urate-lowering therapy (ULT), cou-
pled with a lack of emphasis on concurrent anti-inflammatory
prophylaxis, is a significant driver of adverse clinical outcomes [7].
The substantial proportion of participants with prior febuxostat
exposure in our cohort highlights a pivotal deficiency in current
practice: the suboptimal implementation and communication of
safe re-initiation protocols. This finding corroborates evidence
supporting nurse-led, standardized frameworks for dose escala-
tion and patient instruction, which have demonstrated efficacy in
safely accelerating the attainment of target serum uric acid (SUA)
concentrations [45]. For individuals who previously discontinued
ULT due to intolerance or perceived lack of benefit, a cautious re-
challenge employing an ultra-low initial dose, followed by a grad-
ual, structured titration schedule, may offer a more tolerable and
safe route for therapy reintroduction. This approach is especially
pertinent given that alternatives such as allopurinol also pose hy-
persensitivity risks, while febuxostat retains its status as a vital
second-line agent [46]. The principle of a “restart” strategy, previ-
ously investigated in contexts involving agents like pegloticase, un-
derscores the necessity of meticulous monitoring and incremental
re-exposure to balance safety and efficacy [47]. Consequently, our
identification of widespread prior suboptimal febuxostat use not
only validates a tangible real-world challenge but also reinforces
the clinical justification for assessing low-dose initiation strategies
as a viable solution for this complex patient population [7].

4.5 | Renal Function Outcomes

Both treatment groups demonstrated a notable improvement in
renal function following a 24-week period of ULT, characterized
by a reduction in serum creatinine levels and an increase in creat-
inine clearance. This observation aligns with the well-established
link between hyperuricemia and renal impairment, where ele-
vated serum uric acid contributes to renal injury through mech-
anisms such as endothelial dysfunction and oxidative stress [48].
The decline in serum uric acid achieved by febuxostat is associated

with the preservation of renal function, a benefit supported by
studies highlighting the role of ULT in slowing the progression of
chronic kidney disease [49]. Moreover, the ability of febuxostat to
reduce serum uric acid levels effectively is a critical factor in mit-
igating the adverse renal effects of hyperuricemia, such as those
mediated by the downregulation of urate transporters, enhance-
ment of reabsorption, or inhibition of excretion [12]. This thera-
peutic effect is clinically relevant, as even modest reductions in
serum urate can improve renal outcomes [50]. The observed renal
benefits in our study corroborate the conclusions of previous stud-
ies that verify the safety and effectiveness of febuxostat in patients
with different degrees of renal function, where dose adjustment is
guided by clinical response rather than solely by creatinine clear-
ance, although the differential effects of starting dose strategies on
renal protection require further investigation [23].

4.6 | Integration With Contemporary Evidence
and Guidelines

Our results are consistent with the evolving treat-to-target (T2T)
framework for gout care. The 2026 GO TEST Overture trial
demonstrated that T2T protocols yield significantly higher re-
mission rates than symptom-based approaches (39.4% vs. 24.0%
at 18-24months) [51], while the 5-year NOR-Gout follow-up
confirmed persistent crystal clearance via sustained serum
urate (SUA) control [52]. Nevertheless, these pivotal investiga-
tions primarily employed conventional initial dosing regimens
(febuxostat >20mg/day). Our study extends these findings by
showing that a more cautious initiation strategy can optimize
the critical early stage of urate-lowering therapy (ULT)—a
phase characterized by peak flare susceptibility and the highest
rates of patient discontinuation.

The FORTUNE-1 trial provided direct precedent for our strategy,
showing that stepwise febuxostat escalation (10— 40mg/day)
achieved flare rates comparable to fixed-dose febuxostat plus
colchicine prophylaxis (20.8% vs. 18.9%), both significantly
lower than fixed-dose without prophylaxis (36.0%) [53]. Our
study advances this concept by isolating the 10 mg/day starting
dose as an independent variable, confirming its superiority over
20mg/day initiation and establishing it as a viable alternative
for patients with contraindications or intolerance to colchicine
or nonsteroidal anti-inflammatory drugs.

4.7 | Limitations and Future Directions

Several limitations warrant acknowledgment. First, the sam-
ple size (60 per group), while adequate for the primary end-
point, provided 73.6% statistical power—marginally below
the conventional 80% threshold. Post hoc sensitivity analysis
indicated that for true effect sizes > 2.0, the required sample
size would decrease substantially, suggesting adequate power
for moderate-to-large effects. Second, the study included only
male patients, which restricts the applicability of the findings
to female patients with gout, representing a significant lim-
itation [54]. There is a gap due to the established sex-based
differences in the pathophysiology of gout and responses to
treatment [55]. Third, the 24-week follow-up period, while
sufficient to capture early titration-related flares, may not be
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long enough to assess long-term outcomes such as tophus re-
gression, cardiovascular events, or sustained urate-lowering
effects [56]. Prior research has demonstrated that longer
treatment durations are necessary to fully evaluate the ben-
efits of ULT on cardiovascular risk [57]. Fourth, the single-
center design may introduce institutional biases, and the
results require validation in multi-center, diverse populations.
Furthermore, approximately 40% of the study cohort received
supplementation with folic acid and B vitamins for hyperho-
mocysteinemia; although homocysteine levels were adjusted
for in sensitivity analyses, the potential independent effect of
these supplements on inflammatory pathways or gout flare in-
cidence cannot be completely excluded [58]. Finally, the study
cohort had a relatively low median age and excluded patients
with significant comorbidities, so extrapolation to older popu-
lations or those with multiple conditions must be approached
with caution, as aging is often linked to a decrease in renal
function, a key determinant of both the efficacy and safety
profile of urate-lowering agents like febuxostat [59].

Future investigations should include larger, adequately pow-
ered trials with extended follow-up, include female participants,
and incorporate hard endpoints such as cardiovascular events
and renal function decline to confirm and extend these find-
ings. Specifically, future research should prioritize the design
of multicenter, large-scale non-inferiority trials with each group
comprising 70-100 patients and a follow-up duration of at least
12 months, ensuring the inclusion of female patients, elderly in-
dividuals, and those with renal insufficiency, as these popula-
tions have been historically underrepresented in gout trials [60].
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Dear Editor,

Lian and Luo [1] examined the association between relative
handgrip strength and cancer risk in older adults using harmo-
nized multinational cohort data from HRS, ELSA, and SHARE.
This work addresses an important question in aging research.
However, because cancer diagnosis and mortality are both fre-
quent and interrelated outcomes in older populations, several
aspects of the analytic approach warrant further clarification.

In this setting, death may occur before cancer is diagnosed or
recorded. Standard time-to-event analyses may therefore over-
estimate or misrepresent cancer risk if mortality is not explicitly
handled as a competing event [2]. A competing-risk framework
would help determine whether the observed association re-
mains consistent after accounting for the possibility that death
precludes subsequent cancer ascertainment.

Reverse causation is another concern. Although the authors
excluded participants with follow-up shorter than 2.5years,
the preclinical interval differs substantially across cancer types
[3]. Some cancers may influence muscle strength, weight, sys-
temic inflammation, or general functional status several years
before diagnosis. Sensitivity analyses excluding cancers diag-
nosed within the first 3 and Syears of follow-up would provide
a stricter assessment of whether the association persists after
reducing the influence of occult malignancy.

Finally, the description of follow-up time appears to require
clarification. The manuscript seems to define time as extending

from the estimated diagnosis time or last participation year to
baseline handgrip measurement, which could be read as a re-
versed temporal interval. A more explicit explanation of how fol-
low-up was calculated and whether cancer diagnosis timing was
treated as interval-censored [4], would improve reproducibility
and help readers interpret the temporal structure of the analysis.
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ABSTRACT

Objective: This study aimed to evaluate the efficacy and safety of upadacitinib administered over a short-term period in patients
with SAPHO syndrome.

Methods: In this 12-week retrospective observational study, eligible SAPHO syndrome patients diagnosed within the past year
and treated with upadacitinib were enrolled. Efficacy was assessed using the Ankylosing Spondylitis Disease Activity Score
based on C-reactive protein (ASDAS-CRP) and the Palmoplantar Pustulosis Area and Severity Index (PPPASI). Safety was eval-
uated based on the incidence of adverse events during the treatment period.

Results: A total of 35 eligible patients were included. Both ASDAS-CRP and PPPASI scores decreased rapidly by Week 4 (—1.01
and —11.41, respectively; both p<0.001) and showed further significant improvements at Week 12 (—1.50 and —14.69, respec-
tively; both p <0.001) compared to baseline. Similar improvements were observed in the Visual Analogue Scale for overall mus-
culoskeletal pain, the Bath Ankylosing Spondylitis Disease Activity Index, and other quality-of-life measures. Upadacitinib was
well tolerated, with no serious adverse events reported. The most common adverse event was upper respiratory tract infection
(20%). Other mild adverse events included elevated alanine aminotransferase, nausea, mild headache, and sore throat.
Conclusion: Upadacitinib demonstrated a rapid onset of action, significant efficacy, and a favorable safety profile in the treat-
ment of SAPHO syndrome, supporting its potential as a therapeutic option in clinical practice.

1 | Introduction the anterior chest wall and spine, alongside skin lesions such
as pustules on the palms and soles and facial acne [2]. The
SAPHO syndrome (synovitis, acne, pustulosis, osteophytosis, pathogenesis of SAPHO syndrome remains unclear, though it

and osteitis) is a rare, chronic autoimmune disorder [1]. Clinical is widely considered an autoinflammatory disorder triggered
manifestations typically involve skeletal and joint lesions in by multiple factors including infection, genetics, immunity, and
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Highlights

« This is the first retrospective observational study
evaluating upadacitinib for the treatment of SAPHO
syndrome.

Upadacitinib rapidly improved both musculoskeletal
and cutaneous lesions of SAPHO syndrome within
4weeks, achieving rapid disease remission by Week
12.

Upadacitinib demonstrated rapid onset of action in
treating SAPHO syndrome without serious adverse
reactions.

environment [3, 4]. The recurrent nature of its musculoskeletal
and cutaneous symptoms often leads to depression in patients,
significantly impairing their quality of life [5, 6].

There is currently no unified standard for treating SAPHO syn-
drome. Clinical options include nonsteroidal anti-inflammatory
drugs, corticosteroids, conventional disease-modifying antirheu-
matic drugs, and biologics [7]. However, some patients exhibit poor
response to these treatments or cannot tolerate their side effects.
For example, TNF-o antagonists may induce paradoxical rashes
[8]. Furthermore, treatments previously explored by our team,
such as intravenous bisphosphonates [9] and Tripterygium wilfor-
dii Hook F (TwHF) [10, 11], have demonstrated efficacy but face
limitations due to infusion-related acute reactions and potential

long-term toxicity, respectively. Consequently, there is an urgent
clinical need for novel therapeutic options that offer rapid onset of
action and superior safety profiles.

In recent years, inhibitors targeting Janus kinase signaling and
transcription activation pathways have provided novel therapeu-
tic strategies for various autoimmune diseases. Upadacitinib, as
a novel, highly selective JAK1 inhibitor, precisely suppresses
signaling of multiple proinflammatory cytokines and theoreti-
cally controls the abnormal immune inflammation underlying
SAPHO syndrome at its source [12]. A growing body of clinical
trials has demonstrated the efficacy and safety of upadacitinib in
rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis,
and atopic dermatitis [13]. Currently, evidence of upadacitinib's
efficacy in SAPHO syndrome patients is limited to case reports
[12], with no clinical studies of sufficient sample size available.

Therefore, we conducted this retrospective observational study
to evaluate the efficacy and safety of upadacitinib in treating
SAPHO syndrome within real-world clinical practice.

2 | Research Methods

2.1 | Research Design and Patients

This study is a single-center, retrospective, observational in-

vestigation. We retrospectively screened and enrolled adult pa-
tients with SAPHO syndrome who visited the Rheumatology

FIGURE1

SAPHO Syndrome Patlents
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Department of Beijing University of Chinese Medicine
Fangshan Hospital between October 2023 and October 2024
and received treatment with upadacitinib. The patient re-
cruitment process for this retrospective study is illustrated in
Figure 1. Included patients met the following criteria: (1) met
the diagnostic criteria for SAPHO syndrome proposed by Kahn
et al. [14]; (2) age 18-70years; (3) active disease prior to initiat-
ing upadacitinib treatment, defined as Ankylosing Spondylitis
Disease Activity Score (ASDAS-CRP) >1.3, Visual Analogue
Scale (VAS) score for total musculoskeletal pain >4, concur-
rently presenting with active palmoplantar pustulosis (PPPASI)
>5;(4) Received at least 12 weeks of upadacitinib treatment; (5)
Possessed complete baseline and post-treatment follow-up clin-
ical data. Exclusion Criteria: (1) Pregnant or lactating women;
(2) Lack of baseline data or incomplete clinical information.

2.2 | Research Ethics

This study was approved by the Ethics Committee of Fangshan
Hospital, Beijing University of Chinese Medicine (Approval: No.
FZJ JS-2021-002) and exempted from obtaining individual in-
formed consent from patients. All data were anonymized. The
research was conducted in accordance with the 1964 Declaration
of Helsinki and its subsequent amendments.

2.3 | Treatment Protocol

In actual clinical practice, all treating physicians prescribed up-
adacitinib (15mg once daily) based on their clinical judgment
of each enrolled patient's condition. Treatment decisions were
independent of the study design.

2.4 | Data Collection

We retrospectively extracted patient data at baseline (prior
to initiating upadacitinib treatment) and at follow-up visits
at weeks 4, 8, and 12 after treatment initiation. Clinical and
demographic data collected prior to starting upadacitinib
treatment included age, sex, body mass index (BMI), comor-
bidities, prior exposure to biologic agents, and bone and skin
involvement. The primary efficacy endpoints at baseline and
each follow-up (Weeks 4, 8, 12) were the change from baseline
in ASDAS-CRP and PPPASI at week 12. Secondary efficacy
endpoints included the change from baseline in VAS and Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI),
as well as achieving ASDAS2.1 (ASDAS<2.1), ASDAS 1.3
(ASDAS<1.3), ASDAS-CII (ASDAS>1.1 reduction from
baseline), VAS50 (VAS >50% reduction), PPPASI50 (PPPASI
>50% reduction), and BASDAI50 (BASDAI >50% improve-
ment) at Week 12. Additional efficacy assessments included
the BASFI, HAQ-S, ASQoL, EQ-5D, the Short Form 36 (SF-
36), and inflammatory markers (erythrocyte sedimentation
rate (ESR) and high-sensitivity C-reactive protein (hsCRP)).
All efficacy measures were collected at baseline and at each
follow-up visit (Weeks 4, 8, and 12). These widely used patient-
reported outcomes and laboratory tests for axial spondyloar-
thritis have also been demonstrated to reflect functional status
and disease activity in SAPHO patients [15, 16].

2.5 | NSAIDs Usage

This retrospective study does not restrict the use of NSAIDs
usage during the trial period was recorded at Week 12.

2.6 | Safety and Tolerability Assessment

Blood samples for laboratory analysis (complete blood count,
ALT, and creatinine) were collected at baseline and at each
follow-up visit. The occurrence of any adverse events (AEs),
including serious AEs and AEs leading to discontinuation of
upadacitinib, was recorded using a self-reporting model during
treatment.

2.7 | Statistical Analysis

Data were summarized using descriptive analysis. For contin-
uous variables, mean, median, standard deviation (SD), and
interquartile range (Q2, Q4) were calculated. For categorical
variables, absolute values and frequency (%) were calculated.
For data distribution analysis, the Shapiro-Wilk test (¢=0.1 to
reduce Type II error) assessed normality. For continuous data,
independent samples t-tests (normally distributed data) or non-
parametric Wilcoxon signed-rank tests (non-normally distrib-
uted data) and chi-square tests were used. All analyses were
performed using IBM SPSS Statistics for Windows Version 25.0.
p<0.05 was considered statistically significant.

3 | Result
3.1 | Participants Characteristics

From October 2023 to October 2024, this study enrolled 35 pa-
tients with SAPHO syndrome who received upadacitinib treat-
ment. The mean age of these patients was 43.71 + 12.47 years,
including 9 males and 26 females. Thirty-three patients
(94.29%) had anterior chest wall involvement, and 23 patients
(65.71%) had axial joint involvement. The baseline ASDAS
score was 2.65 (2.28, 3.04). Twenty-two patients (62.86%) pri-
marily presented with palmo-plantar pustulosis (PPP), while
10 patients (28.57%) primarily presented with coexisting PPP
and psoriasis vulgaris (PV). with a baseline PPPASI of 12.20
(7.60, 16.80). All subjects had received one or more nonsteroi-
dal anti-inflammatory drugs (NSAIDs) prior to the study. Five
patients (14.29%) had received disease-modifying antirheu-
matic drugs (DMARDs), and 14 patients (40%) had received
biologic disease-modifying antirheumatic drugs (bDMARDs).
Table 1 summarizes detailed patient characteristics, including
clinical features and prior treatments.

3.2 | Treatment Outcomes

This study demonstrates that upadacitinib exhibits rapid onset of
action in patients with SAPHO syndrome, with the most signif-
icant improvement in disease activity scores occurring within
the initial 4weeks (ASDAS: —1.01, p<0.001; PPPASIL: —11.41,
p<0.001), followed by a sustained gradual decline throughout
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TABLE 1 | Baseline demographic and clinical characteristics of

TABLE1 | (Continued)

participants.
Characteristics Participants (n=35)

Characteristics Participants (n=35) EQ-5D 0.641 (0.431, 0.813)

Age (years) 4371 (12.47) SF-36 59.33 (41.28, 70.72)

Gender (female/male) 26/9 DLQI 11(7,15)

Weight (kg) 67.79 (12.55) Laboratory tests

2
BMI (kg/m?) 24.81(2.99) ANA positivity 0(0)
; .9g_ 2
Overweight (BMI: 25-29.9kg/m?) 14 (40) RF positivity 0(0)
: > 2 . e

Obesity (BMI>30kg/m?) 3(8.57) HLA-B27 positivity 0(0)

Smoking 21(60.0) Prior medication

Alcohol intake 10 (28.57) NSAIDs 35 (100.0)

Past medical history GCs 3(8.57)
Hypertension 2(5.71) <DMARDs 5(14.29)
Diabetes mellitus 2(5.71) bDMARDs 14 (40)
Hyperlipidemia 8 (22.86) Bisphosphonates 3(8.57)

CAD 0(0) Note: Data are presented as mean (SD), Median (Q2, Q4) or n (%).

. . Abbreviations: ANA, antinuclear antibody; ASDAS, Ankylosing Spondylitis
Disease duration (months) 24 (12'36) Disease Activity Score; ASQoL, Ankylosing Spondylitis Quality of Life
Clinical ch teristi Questionnaire; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index;

Inical characteristics BASFI, Bath Ankylosing Spondylitis Functional Index; BMI, body mass

Ski ifestati index; cDMARDs, conventional disease-modifying anti-rheumatic drugs;

In manirestations DLQI, Dermatology Life Quality Index; EQ-5D, EuroQol five dimensions
N 1(2.86 questionnaire; ESR, erythrocyte sedimentation rate; GCs, glucocorticoids;
one ( : ) HAQ-S, Health Assessment Questionnaire for the Spondylarthropathies;
HLA-B27, human leukocyte antigen B27; hsCRP, high-sensitivity C-reactive
PPP Only 22 (62'86) protein; NSAIDs, non-steroidal anti-inflammatory drugs; PPP, palmoplantar
pustulosis; PPPASI, Palmoplantar Pustular Psoriasis Area and Severity Indices;
PPP and PV 10 (28’57) PV, psoriasis vulgaris; RF, rheumatoid factor; SF-36, short from-36; TNFi, tumor
Nail lesion 14 (40) necrosis factor-a inhibitors; VAS, Visual Analogue Scale.
Osteoarticular pain
Anterior chest wall 33 (94.29) the remainder of the study. After 12weeks of upadacitinib treat-
) ment, patients demonstrated substantial improvement in both
Axial skeleton 23(65.71) musculoskeletal and skin lesion symptoms (ASDAS: —1.50,
Spine 19 (54.29) p<0.001; PPPASI: —14.69, p<0.001). A substantial proportion
. . of patients achieved ASDAS2.1, ASDAS1.3, ASDAS-MI, and
Cervical region 5(14.29) PPPASI50 (Week 4 vs. Week 12) (ASDAS1.3: 17.14% vs. 74.29%;
Thoracic region 14 (40) ASDAS2.1: 82.86% vs. 94.29%; ASDAS-CI: 31.43% vs. 85.71%;
Lumb | reg 10 (28.57 PPPASI50: 74.29% vs. 88.57%) (Figure 2). Concurrently, other
umbosacrat region (28.57) efficacy measures including VAS, VAS50, BASDAI, BASDAI50,
Sacroiliac joints 12 (34.29) BASFI, and inflammatory markers (ESR and hsCRP) demon-
Peripheral bones and ioints 12 (34.29) strated comparable improvement patterns across both groups
P J ’ during the trial period (Figure 3). Regarding quality of life mea-
ASDAS 2.65(2.28,3.04) sures, DLQI scores rapidly decreased within the initial 4 weeks
VAS 7(6.8) and maintained a steady decline thereafter. HAQ-S, ASQoL, SF-
’ 36, and EQ-5D scores all demonstrated sustained improvement

BASDAI 4.2(3.4,5.4) (Figure S1).

PPPASI 12.20 (7.60, 16.80)

hsCRP (mg/L) 5.00 (1.00, 8.70) 3.3 | NSAIDS Use

ESR (mm/h) 15.00 (6.00, 25.00)
All 35 patients (100%) required regular or on-demand NSAIDs
BASFI 3.8(2.8,4.2) for bone pain prior to receiving upadacitinib. However, only five
ASQoL 13 (12, 15) patients intermittently used NSAIDs for pain relief during the
study. Overall NSAID exposure during follow-up is summarized
(Continues) in Table S1.
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activity score which incorporates C-reactive protein levels. PPPASI indicates the palmoplantar psoriasis area and severity index.

3.4 | Safety and Tolerability

Fourteen patients (40%) experienced adverse events, and no pa-
tients discontinued the study due to adverse events. The most
common adverse event in this study was upper respiratory tract
infection (20%), which resolved with symptomatic treatment and
did not impact upadacitinib use. Additionally, mild elevations in
ALT, nausea, mild headache, and sore throat were observed. No
other serious adverse events were recorded. All adverse events
occurring during the trial are listed in Table 2.

4 | Discussion

To our knowledge, this is the first retrospective observational
study investigating the efficacy and safety of upadacitinib in pa-
tients with SAPHO syndrome. Our study found that 12 weeks of
upadacitinib treatment was effective and well-tolerated in these
patients. Furthermore, upadacitinib demonstrated a rapid onset
of action, significantly improving disease activity within the
first 4weeks of treatment initiation.

We have previously conducted clinical trials on bisphosphonates
and Tripterygium wilfordii Hook F (TwHF) for SAPHO syn-
drome [9, 10]. Patients receiving bisphosphonates (zoledronic
acid 4mg or pamidronate disodium 1 mg/kg for 3days) showed
significantly lower post-treatment bone pain VAS, BASDAI,
and BASFALI scores compared to baseline, with good tolerabil-
ity. Zoledronic acid was associated with significantly fewer ad-
verse events than pamidronate. Similarly, both dosage groups of
TwHF (1.0 and 1.5mg/kg/day) were effective and well-tolerated

over 12weeks, also exhibiting rapid efficacy, achieving maximal
therapeutic effect within 2-4 weeks of treatment initiation. The
present study found that, analogous to TwHF, upadacitinib also
demonstrated rapid efficacy regarding osteoarticular and cu-
taneous manifestations in SAPHO patients. Within the initial
4weeks of treatment, ASDAS-CRP, BASDAI, bone pain VAS,
and PPPASI scores decreased rapidly, and disease activity for
both bone pain and skin lesions remained at a stably low level
after 3months. Concurrently, upadacitinib demonstrated a fa-
vorable safety profile; the incidence of adverse events observed
with upadacitinib was notably lower than that reported for bis-
phosphonates and TWHF in previous studies. However, owing to
disparities in study design, enrollment criteria, and eras, direct
comparisons are inappropriate. Consequently, the absolute effi-
cacy and safety advantages of upadacitinib require final confir-
mation through head-to-head randomized controlled trials.

Upadacitinib is a Janus kinase (JAK) inhibitor that exerts anti-
inflammatory and immunomodulatory effects by broadly inhib-
iting multiple cytokines via the JAK-STAT signaling pathway
[12]. Unlike tofacitinib, upadacitinib is a novel, highly selective
JAK1 inhibitor, offering a potentially improved safety and tol-
erability profile. It is currently approved for the treatment of
various immune-mediated diseases [17], including rheumatoid
arthritis (RA), psoriatic arthritis (PsA), ankylosing spondy-
litis (AS), atopic dermatitis (AD), ulcerative colitis (UC), and
Crohn's disease (CD). Upadacitinib has demonstrated efficacy
in improving both osteoarticular and cutaneous lesions. In
the SELECT-AXIS study of axial spondyloarthritis, it rapidly
reduced bone pain and disease activity in refractory AS, with
sustained efficacy over 2years, low radiographic progression,
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significant decrease in outcome metric scores after treatment compared to baseline, p <0.0001. BASDAI, bath ankylosing spondylitis disease activity

index; ESR, erythrocyte sedimentation rate; hsCRP, indicates hypersensitive C-reactive protein; VAS indicates visual analogue scale.

and good tolerability [18, 19]. Similarly, the SELECT-PsA study
in psoriatic arthritis showed rapid improvement in PASI scores,
joint pain, and enthesitis, with stable efficacy and favorable
safety over 3years [20]. SAPHO syndrome is a chronic relaps-
ing autoimmune disorder involving both bones/joints and skin.
Similar to axial spondyloarthritis and psoriatic arthritis, the
osteoarticular and cutaneous manifestations of SAPHO syn-
drome impose not only a significant physical pain burden but

also a psychological burden, severely impairing quality of life.
Therefore, actively controlling disease activity in SAPHO syn-
drome is crucial.

Our study found that upadacitinib significantly improved
the quality of life in SAPHO patients over 12weeks. We ob-
served that upadacitinib also displayed a rapid onset of ef-
fect on disease-specific quality of life measures, namely the
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TABLE 2 | Adverse events in all participants.

Adverse event Participants (n=35)

All 14 (40.0)
Gastrointestinal event 4 (11.43)
ALT elevation 2(5.71)
Nausea 2(5.71)

Abdominal distention 0
Diarrhea 0
Infection 7 (20.0)
Upper respiratory infection 7 (20.0)
Pulmonary infection 0
Urinary tract infection 0
Thrombosis 0
Cardiovascular event 0
Malignant tumor 0
Others (headache, earache) 5(14.29)

Note: Data expressed as n (%).

Ankylosing Spondylitis Quality of Life Questionnaire (ASQoL)
and the Dermatology Life Quality Index (DLQI), with rapid
improvement within the first 4weeks, consistent with the
improvement in disease activity. For other generic quality of
life instruments, such as the SF-36 and EQ-5D, improvements
were more evenly distributed over the 12-week period. It is
recognized, however, that the primary contextual factors in-
terpreted by ASQoL/DLQI versus EQ-5D/SF-36 differ [21].
The EQ-5D and SF-36 are comprehensive quality of life as-
sessments not solely focused on skin and joint manifestations,
which may explain the differential patterns of improvement
observed across these instruments. Despite varying degrees
of improvement, this preliminary study indicates that upad-
acitinib unequivocally improves quality of life over 12 weeks,
further highlighting its beneficial role.

The frequency of NSAID use during the trial period can also
be considered a reflection of clinical efficacy. SAPHO syn-
drome patients often experience intolerable bone and joint
pain, leading many to use NSAIDs for relief. However, some
patients continue to have uncontrolled pain and disease ac-
tivity even with maximum NSAID doses, and NSAIDs are
associated with various side effects. Therefore, alternative
treatments are needed to allow for NSAID dose reduction or
discontinuation. The Assessment of SpondyloArthritis inter-
national Society (ASAS) recommends the collection, analysis,
and reporting of NSAID intake in clinical trials for axial spon-
dyloarthritis and has developed the ASAS-NSAID score as a
standardized method for this assessment [22]. In our study
involving 35 SAPHO patients treated with upadacitinib, only
5 patients required NSAIDs due to intolerable pain, and all 5
discontinued NSAIDs by week 4 until the end of the trial. The
marked reduction in NSAID use observed indirectly supports
the efficacy of upadacitinib in alleviating osteoarticular pain.
However, the protocol's allowance for NSAID use as needed

during the initial treatment phase may have confounded the
magnitude of early pain score improvement. Future prospec-
tive studies should use the ASAS-NSAID scoring system to
assess the intake scores of NSAIDs at baseline and follow-up
nodes to more precisely evaluate upadacitinib’'s efficacy.
Among the 35 patients, 14 experienced adverse events during
the trial, with no serious adverse events recorded. The most
common events were mild gastrointestinal reactions and
upper respiratory tract infections, which resolved with symp-
tomatic treatment and did not necessitate upadacitinib dis-
continuation. This safety profile is consistent with previous
reports on upadacitinib, further confirming its clinical safety.

This study has several limitations. First, this study is a single-
center, retrospective and observational study that explored the
efficacy and safety of upadacitinib, without a placebo or active
control, and the evidence is limited. Since SAPHO syndrome
is a rare disease without standard treatment, it may be im-
practical and unethical. Future studies should conduct mul-
ticenter prospective clinical trials to compare the efficacy of
upadacitinib with that of validated drugs. Second, there are no
validated scales or scoring systems available in clinical prac-
tice to assess therapeutic outcomes in patients with SAPHO
syndrome. Since the primary osteoarticular involvement in
SAPHO syndrome is the anterior chest wall and the spine,
sacroiliac joints, our efficacy evaluation primarily references
clinical scores for axial spondylitis and patient-reported out-
comes [9, 11]. However, the lack of imaging evidence such as
MRI [23] and CT [24] hinders the objective confirmation of
the endpoint for inflammatory resolution. Future research
should focus on developing a validated disease activity score
tailored for the osteoarticular involvement in SAPHO syn-
drome, along with the application of various imaging modali-
ties to evaluate therapeutic changes in this condition. Finally,
this was a short-term, small-sample, retrospective trial with
only 12weeks of follow-up. We plan to expand the sample size
and follow-up duration for this cohort to investigate the long-
term efficacy and safety of upadacitinib in SAPHO syndrome
patients.

5 | Conclusion

In summary, this 12-week retrospective observational study
found that upadacitinib rapidly and significantly improved os-
teoarticular and cutaneous symptoms, enhanced quality of life,
and was well-tolerated. Our conclusions preliminarily indicate
that upadacitinib is a highly promising novel therapeutic option
for SAPHO syndrome, laying a solid foundation for subsequent
prospective controlled clinical trials.

Future research directions should focus on addressing the lim-
itations of the present study: conducting multicenter prospective
trials with active comparators to confirm the absolute efficacy
and safety advantages of upadacitinib; developing a validated
disease activity scale specific to SAPHO syndrome and incor-
porating imaging modalities (such as MRI and CT) for objective
efficacy assessment; and expanding the sample size and extend-
ing follow-up duration to explore the long-term therapeutic ef-
fects and safety profile of upadacitinib in patients with SAPHO
syndrome.
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Supporting Information section. Figure S1: Changes in quality of life
in SAPHO syndrome; ns indicates that there is no significant decrease
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in outcome metric scores after treatment compared with baselin,
p>0.05; **Indicates a statistically significant decrease in outcome met-
ric scores after treatment compared to baseline, p <0.001; ****Indicates
an extremely significant decrease in outcome metric scores after treat-
ment compared to baseline, p <0.0001.ASQOL, dermatology life quality
index; BASFI, Bath Ankylosing Spondylitis Functional Index; DLQI, vi-
sual analogue scale; Q-5D, euroqol five dimensions questionnaire; SF-
36, MOS 36-item short-form health survey. Table S1: Concurrent use of
NSAIDs during the trial period.
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ABSTRACT

Objective: This study aimed to evaluate the efficacy and safety of upadacitinib administered over a short-term period in patients
with SAPHO syndrome.

Methods: In this 12-week retrospective observational study, eligible SAPHO syndrome patients diagnosed within the past year
and treated with upadacitinib were enrolled. Efficacy was assessed using the Ankylosing Spondylitis Disease Activity Score
based on C-reactive protein (ASDAS-CRP) and the Palmoplantar Pustulosis Area and Severity Index (PPPASI). Safety was eval-
uated based on the incidence of adverse events during the treatment period.

Results: A total of 35 eligible patients were included. Both ASDAS-CRP and PPPASI scores decreased rapidly by Week 4 (—1.01
and —11.41, respectively; both p<0.001) and showed further significant improvements at Week 12 (—1.50 and —14.69, respec-
tively; both p <0.001) compared to baseline. Similar improvements were observed in the Visual Analogue Scale for overall mus-
culoskeletal pain, the Bath Ankylosing Spondylitis Disease Activity Index, and other quality-of-life measures. Upadacitinib was
well tolerated, with no serious adverse events reported. The most common adverse event was upper respiratory tract infection
(20%). Other mild adverse events included elevated alanine aminotransferase, nausea, mild headache, and sore throat.
Conclusion: Upadacitinib demonstrated a rapid onset of action, significant efficacy, and a favorable safety profile in the treat-
ment of SAPHO syndrome, supporting its potential as a therapeutic option in clinical practice.

1 | Introduction the anterior chest wall and spine, alongside skin lesions such
as pustules on the palms and soles and facial acne [2]. The
SAPHO syndrome (synovitis, acne, pustulosis, osteophytosis, pathogenesis of SAPHO syndrome remains unclear, though it

and osteitis) is a rare, chronic autoimmune disorder [1]. Clinical is widely considered an autoinflammatory disorder triggered
manifestations typically involve skeletal and joint lesions in by multiple factors including infection, genetics, immunity, and
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Highlights

« This is the first retrospective observational study
evaluating upadacitinib for the treatment of SAPHO
syndrome.

Upadacitinib rapidly improved both musculoskeletal
and cutaneous lesions of SAPHO syndrome within
4weeks, achieving rapid disease remission by Week
12.

Upadacitinib demonstrated rapid onset of action in
treating SAPHO syndrome without serious adverse
reactions.

environment [3, 4]. The recurrent nature of its musculoskeletal
and cutaneous symptoms often leads to depression in patients,
significantly impairing their quality of life [5, 6].

There is currently no unified standard for treating SAPHO syn-
drome. Clinical options include nonsteroidal anti-inflammatory
drugs, corticosteroids, conventional disease-modifying antirheu-
matic drugs, and biologics [7]. However, some patients exhibit poor
response to these treatments or cannot tolerate their side effects.
For example, TNF-o antagonists may induce paradoxical rashes
[8]. Furthermore, treatments previously explored by our team,
such as intravenous bisphosphonates [9] and Tripterygium wilfor-
dii Hook F (TwHF) [10, 11], have demonstrated efficacy but face
limitations due to infusion-related acute reactions and potential

long-term toxicity, respectively. Consequently, there is an urgent
clinical need for novel therapeutic options that offer rapid onset of
action and superior safety profiles.

In recent years, inhibitors targeting Janus kinase signaling and
transcription activation pathways have provided novel therapeu-
tic strategies for various autoimmune diseases. Upadacitinib, as
a novel, highly selective JAK1 inhibitor, precisely suppresses
signaling of multiple proinflammatory cytokines and theoreti-
cally controls the abnormal immune inflammation underlying
SAPHO syndrome at its source [12]. A growing body of clinical
trials has demonstrated the efficacy and safety of upadacitinib in
rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis,
and atopic dermatitis [13]. Currently, evidence of upadacitinib's
efficacy in SAPHO syndrome patients is limited to case reports
[12], with no clinical studies of sufficient sample size available.

Therefore, we conducted this retrospective observational study
to evaluate the efficacy and safety of upadacitinib in treating
SAPHO syndrome within real-world clinical practice.

2 | Research Methods

2.1 | Research Design and Patients

This study is a single-center, retrospective, observational in-

vestigation. We retrospectively screened and enrolled adult pa-
tients with SAPHO syndrome who visited the Rheumatology
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Department of Beijing University of Chinese Medicine
Fangshan Hospital between October 2023 and October 2024
and received treatment with upadacitinib. The patient re-
cruitment process for this retrospective study is illustrated in
Figure 1. Included patients met the following criteria: (1) met
the diagnostic criteria for SAPHO syndrome proposed by Kahn
et al. [14]; (2) age 18-70years; (3) active disease prior to initiat-
ing upadacitinib treatment, defined as Ankylosing Spondylitis
Disease Activity Score (ASDAS-CRP) >1.3, Visual Analogue
Scale (VAS) score for total musculoskeletal pain >4, concur-
rently presenting with active palmoplantar pustulosis (PPPASI)
>5;(4) Received at least 12 weeks of upadacitinib treatment; (5)
Possessed complete baseline and post-treatment follow-up clin-
ical data. Exclusion Criteria: (1) Pregnant or lactating women;
(2) Lack of baseline data or incomplete clinical information.

2.2 | Research Ethics

This study was approved by the Ethics Committee of Fangshan
Hospital, Beijing University of Chinese Medicine (Approval: No.
FZJ JS-2021-002) and exempted from obtaining individual in-
formed consent from patients. All data were anonymized. The
research was conducted in accordance with the 1964 Declaration
of Helsinki and its subsequent amendments.

2.3 | Treatment Protocol

In actual clinical practice, all treating physicians prescribed up-
adacitinib (15mg once daily) based on their clinical judgment
of each enrolled patient's condition. Treatment decisions were
independent of the study design.

2.4 | Data Collection

We retrospectively extracted patient data at baseline (prior
to initiating upadacitinib treatment) and at follow-up visits
at weeks 4, 8, and 12 after treatment initiation. Clinical and
demographic data collected prior to starting upadacitinib
treatment included age, sex, body mass index (BMI), comor-
bidities, prior exposure to biologic agents, and bone and skin
involvement. The primary efficacy endpoints at baseline and
each follow-up (Weeks 4, 8, 12) were the change from baseline
in ASDAS-CRP and PPPASI at week 12. Secondary efficacy
endpoints included the change from baseline in VAS and Bath
Ankylosing Spondylitis Disease Activity Index (BASDAI),
as well as achieving ASDAS2.1 (ASDAS<2.1), ASDAS 1.3
(ASDAS<1.3), ASDAS-CII (ASDAS>1.1 reduction from
baseline), VAS50 (VAS >50% reduction), PPPASI50 (PPPASI
>50% reduction), and BASDAI50 (BASDAI >50% improve-
ment) at Week 12. Additional efficacy assessments included
the BASFI, HAQ-S, ASQoL, EQ-5D, the Short Form 36 (SF-
36), and inflammatory markers (erythrocyte sedimentation
rate (ESR) and high-sensitivity C-reactive protein (hsCRP)).
All efficacy measures were collected at baseline and at each
follow-up visit (Weeks 4, 8, and 12). These widely used patient-
reported outcomes and laboratory tests for axial spondyloar-
thritis have also been demonstrated to reflect functional status
and disease activity in SAPHO patients [15, 16].

2.5 | NSAIDs Usage

This retrospective study does not restrict the use of NSAIDs
usage during the trial period was recorded at Week 12.

2.6 | Safety and Tolerability Assessment

Blood samples for laboratory analysis (complete blood count,
ALT, and creatinine) were collected at baseline and at each
follow-up visit. The occurrence of any adverse events (AEs),
including serious AEs and AEs leading to discontinuation of
upadacitinib, was recorded using a self-reporting model during
treatment.

2.7 | Statistical Analysis

Data were summarized using descriptive analysis. For contin-
uous variables, mean, median, standard deviation (SD), and
interquartile range (Q2, Q4) were calculated. For categorical
variables, absolute values and frequency (%) were calculated.
For data distribution analysis, the Shapiro-Wilk test (¢=0.1 to
reduce Type II error) assessed normality. For continuous data,
independent samples t-tests (normally distributed data) or non-
parametric Wilcoxon signed-rank tests (non-normally distrib-
uted data) and chi-square tests were used. All analyses were
performed using IBM SPSS Statistics for Windows Version 25.0.
p<0.05 was considered statistically significant.

3 | Result
3.1 | Participants Characteristics

From October 2023 to October 2024, this study enrolled 35 pa-
tients with SAPHO syndrome who received upadacitinib treat-
ment. The mean age of these patients was 43.71 + 12.47 years,
including 9 males and 26 females. Thirty-three patients
(94.29%) had anterior chest wall involvement, and 23 patients
(65.71%) had axial joint involvement. The baseline ASDAS
score was 2.65 (2.28, 3.04). Twenty-two patients (62.86%) pri-
marily presented with palmo-plantar pustulosis (PPP), while
10 patients (28.57%) primarily presented with coexisting PPP
and psoriasis vulgaris (PV). with a baseline PPPASI of 12.20
(7.60, 16.80). All subjects had received one or more nonsteroi-
dal anti-inflammatory drugs (NSAIDs) prior to the study. Five
patients (14.29%) had received disease-modifying antirheu-
matic drugs (DMARDs), and 14 patients (40%) had received
biologic disease-modifying antirheumatic drugs (bDMARDs).
Table 1 summarizes detailed patient characteristics, including
clinical features and prior treatments.

3.2 | Treatment Outcomes

This study demonstrates that upadacitinib exhibits rapid onset of
action in patients with SAPHO syndrome, with the most signif-
icant improvement in disease activity scores occurring within
the initial 4weeks (ASDAS: —1.01, p<0.001; PPPASIL: —11.41,
p<0.001), followed by a sustained gradual decline throughout
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TABLE 1 | Baseline demographic and clinical characteristics of

TABLE1 | (Continued)

participants.
Characteristics Participants (n=35)

Characteristics Participants (n=35) EQ-5D 0.641 (0.431, 0.813)

Age (years) 4371 (12.47) SF-36 59.33 (41.28, 70.72)

Gender (female/male) 26/9 DLQI 11(7,15)

Weight (kg) 67.79 (12.55) Laboratory tests

2
BMI (kg/m?) 24.81(2.99) ANA positivity 0(0)
; .9g_ 2
Overweight (BMI: 25-29.9kg/m?) 14 (40) RF positivity 0(0)
: > 2 . e

Obesity (BMI>30kg/m?) 3(8.57) HLA-B27 positivity 0(0)

Smoking 21(60.0) Prior medication

Alcohol intake 10 (28.57) NSAIDs 35 (100.0)

Past medical history GCs 3(8.57)
Hypertension 2(5.71) <DMARDs 5(14.29)
Diabetes mellitus 2(5.71) bDMARDs 14 (40)
Hyperlipidemia 8 (22.86) Bisphosphonates 3(8.57)

CAD 0(0) Note: Data are presented as mean (SD), Median (Q2, Q4) or n (%).

. . Abbreviations: ANA, antinuclear antibody; ASDAS, Ankylosing Spondylitis
Disease duration (months) 24 (12'36) Disease Activity Score; ASQoL, Ankylosing Spondylitis Quality of Life
Clinical ch teristi Questionnaire; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index;

Inical characteristics BASFI, Bath Ankylosing Spondylitis Functional Index; BMI, body mass

Ski ifestati index; cDMARDs, conventional disease-modifying anti-rheumatic drugs;

In manirestations DLQI, Dermatology Life Quality Index; EQ-5D, EuroQol five dimensions
N 1(2.86 questionnaire; ESR, erythrocyte sedimentation rate; GCs, glucocorticoids;
one ( : ) HAQ-S, Health Assessment Questionnaire for the Spondylarthropathies;
HLA-B27, human leukocyte antigen B27; hsCRP, high-sensitivity C-reactive
PPP Only 22 (62'86) protein; NSAIDs, non-steroidal anti-inflammatory drugs; PPP, palmoplantar
pustulosis; PPPASI, Palmoplantar Pustular Psoriasis Area and Severity Indices;
PPP and PV 10 (28’57) PV, psoriasis vulgaris; RF, rheumatoid factor; SF-36, short from-36; TNFi, tumor
Nail lesion 14 (40) necrosis factor-a inhibitors; VAS, Visual Analogue Scale.
Osteoarticular pain
Anterior chest wall 33 (94.29) the remainder of the study. After 12weeks of upadacitinib treat-
) ment, patients demonstrated substantial improvement in both
Axial skeleton 23(65.71) musculoskeletal and skin lesion symptoms (ASDAS: —1.50,
Spine 19 (54.29) p<0.001; PPPASI: —14.69, p<0.001). A substantial proportion
. . of patients achieved ASDAS2.1, ASDAS1.3, ASDAS-MI, and
Cervical region 5(14.29) PPPASI50 (Week 4 vs. Week 12) (ASDAS1.3: 17.14% vs. 74.29%;
Thoracic region 14 (40) ASDAS2.1: 82.86% vs. 94.29%; ASDAS-CI: 31.43% vs. 85.71%;
Lumb | reg 10 (28.57 PPPASI50: 74.29% vs. 88.57%) (Figure 2). Concurrently, other
umbosacrat region (28.57) efficacy measures including VAS, VAS50, BASDAI, BASDAI50,
Sacroiliac joints 12 (34.29) BASFI, and inflammatory markers (ESR and hsCRP) demon-
Peripheral bones and ioints 12 (34.29) strated comparable improvement patterns across both groups
P J ’ during the trial period (Figure 3). Regarding quality of life mea-
ASDAS 2.65(2.28,3.04) sures, DLQI scores rapidly decreased within the initial 4 weeks
VAS 7(6.8) and maintained a steady decline thereafter. HAQ-S, ASQoL, SF-
’ 36, and EQ-5D scores all demonstrated sustained improvement

BASDAI 4.2(3.4,5.4) (Figure S1).

PPPASI 12.20 (7.60, 16.80)

hsCRP (mg/L) 5.00 (1.00, 8.70) 3.3 | NSAIDS Use

ESR (mm/h) 15.00 (6.00, 25.00)
All 35 patients (100%) required regular or on-demand NSAIDs
BASFI 3.8(2.8,4.2) for bone pain prior to receiving upadacitinib. However, only five
ASQoL 13 (12, 15) patients intermittently used NSAIDs for pain relief during the
study. Overall NSAID exposure during follow-up is summarized
(Continues) in Table S1.
40f 9 International Journal of Rheumatic Diseases, 2026
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Changes in major osteoarticular and skin lesion outcome metrics in patients with SAPHO syndrome; ****Indicates an extremely sig-

nificant decrease in outcome metric scores after treatment compared to baseline, p<0.0001. ASDAS-CRP indicates ankylosing spondylitis disease
activity score which incorporates C-reactive protein levels. PPPASI indicates the palmoplantar psoriasis area and severity index.

3.4 | Safety and Tolerability

Fourteen patients (40%) experienced adverse events, and no pa-
tients discontinued the study due to adverse events. The most
common adverse event in this study was upper respiratory tract
infection (20%), which resolved with symptomatic treatment and
did not impact upadacitinib use. Additionally, mild elevations in
ALT, nausea, mild headache, and sore throat were observed. No
other serious adverse events were recorded. All adverse events
occurring during the trial are listed in Table 2.

4 | Discussion

To our knowledge, this is the first retrospective observational
study investigating the efficacy and safety of upadacitinib in pa-
tients with SAPHO syndrome. Our study found that 12 weeks of
upadacitinib treatment was effective and well-tolerated in these
patients. Furthermore, upadacitinib demonstrated a rapid onset
of action, significantly improving disease activity within the
first 4weeks of treatment initiation.

We have previously conducted clinical trials on bisphosphonates
and Tripterygium wilfordii Hook F (TwHF) for SAPHO syn-
drome [9, 10]. Patients receiving bisphosphonates (zoledronic
acid 4mg or pamidronate disodium 1 mg/kg for 3days) showed
significantly lower post-treatment bone pain VAS, BASDAI,
and BASFALI scores compared to baseline, with good tolerabil-
ity. Zoledronic acid was associated with significantly fewer ad-
verse events than pamidronate. Similarly, both dosage groups of
TwHF (1.0 and 1.5mg/kg/day) were effective and well-tolerated

over 12weeks, also exhibiting rapid efficacy, achieving maximal
therapeutic effect within 2-4 weeks of treatment initiation. The
present study found that, analogous to TwHF, upadacitinib also
demonstrated rapid efficacy regarding osteoarticular and cu-
taneous manifestations in SAPHO patients. Within the initial
4weeks of treatment, ASDAS-CRP, BASDAI, bone pain VAS,
and PPPASI scores decreased rapidly, and disease activity for
both bone pain and skin lesions remained at a stably low level
after 3months. Concurrently, upadacitinib demonstrated a fa-
vorable safety profile; the incidence of adverse events observed
with upadacitinib was notably lower than that reported for bis-
phosphonates and TWHF in previous studies. However, owing to
disparities in study design, enrollment criteria, and eras, direct
comparisons are inappropriate. Consequently, the absolute effi-
cacy and safety advantages of upadacitinib require final confir-
mation through head-to-head randomized controlled trials.

Upadacitinib is a Janus kinase (JAK) inhibitor that exerts anti-
inflammatory and immunomodulatory effects by broadly inhib-
iting multiple cytokines via the JAK-STAT signaling pathway
[12]. Unlike tofacitinib, upadacitinib is a novel, highly selective
JAK1 inhibitor, offering a potentially improved safety and tol-
erability profile. It is currently approved for the treatment of
various immune-mediated diseases [17], including rheumatoid
arthritis (RA), psoriatic arthritis (PsA), ankylosing spondy-
litis (AS), atopic dermatitis (AD), ulcerative colitis (UC), and
Crohn's disease (CD). Upadacitinib has demonstrated efficacy
in improving both osteoarticular and cutaneous lesions. In
the SELECT-AXIS study of axial spondyloarthritis, it rapidly
reduced bone pain and disease activity in refractory AS, with
sustained efficacy over 2years, low radiographic progression,
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***Indicates a statistically significant decrease in outcome metric scores after treatment compared to baseline, p <0.001; ****Indicates an extremely

significant decrease in outcome metric scores after treatment compared to baseline, p <0.0001. BASDAI, bath ankylosing spondylitis disease activity

index; ESR, erythrocyte sedimentation rate; hsCRP, indicates hypersensitive C-reactive protein; VAS indicates visual analogue scale.

and good tolerability [18, 19]. Similarly, the SELECT-PsA study
in psoriatic arthritis showed rapid improvement in PASI scores,
joint pain, and enthesitis, with stable efficacy and favorable
safety over 3years [20]. SAPHO syndrome is a chronic relaps-
ing autoimmune disorder involving both bones/joints and skin.
Similar to axial spondyloarthritis and psoriatic arthritis, the
osteoarticular and cutaneous manifestations of SAPHO syn-
drome impose not only a significant physical pain burden but

also a psychological burden, severely impairing quality of life.
Therefore, actively controlling disease activity in SAPHO syn-
drome is crucial.

Our study found that upadacitinib significantly improved
the quality of life in SAPHO patients over 12weeks. We ob-
served that upadacitinib also displayed a rapid onset of ef-
fect on disease-specific quality of life measures, namely the

6 of 9
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TABLE 2 | Adverse events in all participants.

Adverse event Participants (n=35)

All 14 (40.0)
Gastrointestinal event 4 (11.43)
ALT elevation 2(5.71)
Nausea 2(5.71)

Abdominal distention 0
Diarrhea 0
Infection 7 (20.0)
Upper respiratory infection 7 (20.0)
Pulmonary infection 0
Urinary tract infection 0
Thrombosis 0
Cardiovascular event 0
Malignant tumor 0
Others (headache, earache) 5(14.29)

Note: Data expressed as n (%).

Ankylosing Spondylitis Quality of Life Questionnaire (ASQoL)
and the Dermatology Life Quality Index (DLQI), with rapid
improvement within the first 4weeks, consistent with the
improvement in disease activity. For other generic quality of
life instruments, such as the SF-36 and EQ-5D, improvements
were more evenly distributed over the 12-week period. It is
recognized, however, that the primary contextual factors in-
terpreted by ASQoL/DLQI versus EQ-5D/SF-36 differ [21].
The EQ-5D and SF-36 are comprehensive quality of life as-
sessments not solely focused on skin and joint manifestations,
which may explain the differential patterns of improvement
observed across these instruments. Despite varying degrees
of improvement, this preliminary study indicates that upad-
acitinib unequivocally improves quality of life over 12 weeks,
further highlighting its beneficial role.

The frequency of NSAID use during the trial period can also
be considered a reflection of clinical efficacy. SAPHO syn-
drome patients often experience intolerable bone and joint
pain, leading many to use NSAIDs for relief. However, some
patients continue to have uncontrolled pain and disease ac-
tivity even with maximum NSAID doses, and NSAIDs are
associated with various side effects. Therefore, alternative
treatments are needed to allow for NSAID dose reduction or
discontinuation. The Assessment of SpondyloArthritis inter-
national Society (ASAS) recommends the collection, analysis,
and reporting of NSAID intake in clinical trials for axial spon-
dyloarthritis and has developed the ASAS-NSAID score as a
standardized method for this assessment [22]. In our study
involving 35 SAPHO patients treated with upadacitinib, only
5 patients required NSAIDs due to intolerable pain, and all 5
discontinued NSAIDs by week 4 until the end of the trial. The
marked reduction in NSAID use observed indirectly supports
the efficacy of upadacitinib in alleviating osteoarticular pain.
However, the protocol's allowance for NSAID use as needed

during the initial treatment phase may have confounded the
magnitude of early pain score improvement. Future prospec-
tive studies should use the ASAS-NSAID scoring system to
assess the intake scores of NSAIDs at baseline and follow-up
nodes to more precisely evaluate upadacitinib’'s efficacy.
Among the 35 patients, 14 experienced adverse events during
the trial, with no serious adverse events recorded. The most
common events were mild gastrointestinal reactions and
upper respiratory tract infections, which resolved with symp-
tomatic treatment and did not necessitate upadacitinib dis-
continuation. This safety profile is consistent with previous
reports on upadacitinib, further confirming its clinical safety.

This study has several limitations. First, this study is a single-
center, retrospective and observational study that explored the
efficacy and safety of upadacitinib, without a placebo or active
control, and the evidence is limited. Since SAPHO syndrome
is a rare disease without standard treatment, it may be im-
practical and unethical. Future studies should conduct mul-
ticenter prospective clinical trials to compare the efficacy of
upadacitinib with that of validated drugs. Second, there are no
validated scales or scoring systems available in clinical prac-
tice to assess therapeutic outcomes in patients with SAPHO
syndrome. Since the primary osteoarticular involvement in
SAPHO syndrome is the anterior chest wall and the spine,
sacroiliac joints, our efficacy evaluation primarily references
clinical scores for axial spondylitis and patient-reported out-
comes [9, 11]. However, the lack of imaging evidence such as
MRI [23] and CT [24] hinders the objective confirmation of
the endpoint for inflammatory resolution. Future research
should focus on developing a validated disease activity score
tailored for the osteoarticular involvement in SAPHO syn-
drome, along with the application of various imaging modali-
ties to evaluate therapeutic changes in this condition. Finally,
this was a short-term, small-sample, retrospective trial with
only 12weeks of follow-up. We plan to expand the sample size
and follow-up duration for this cohort to investigate the long-
term efficacy and safety of upadacitinib in SAPHO syndrome
patients.

5 | Conclusion

In summary, this 12-week retrospective observational study
found that upadacitinib rapidly and significantly improved os-
teoarticular and cutaneous symptoms, enhanced quality of life,
and was well-tolerated. Our conclusions preliminarily indicate
that upadacitinib is a highly promising novel therapeutic option
for SAPHO syndrome, laying a solid foundation for subsequent
prospective controlled clinical trials.

Future research directions should focus on addressing the lim-
itations of the present study: conducting multicenter prospective
trials with active comparators to confirm the absolute efficacy
and safety advantages of upadacitinib; developing a validated
disease activity scale specific to SAPHO syndrome and incor-
porating imaging modalities (such as MRI and CT) for objective
efficacy assessment; and expanding the sample size and extend-
ing follow-up duration to explore the long-term therapeutic ef-
fects and safety profile of upadacitinib in patients with SAPHO
syndrome.
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Additional supporting information can be found online in the
Supporting Information section. Figure S1: Changes in quality of life
in SAPHO syndrome; ns indicates that there is no significant decrease
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in outcome metric scores after treatment compared with baselin,
p>0.05; **Indicates a statistically significant decrease in outcome met-
ric scores after treatment compared to baseline, p <0.001; ****Indicates
an extremely significant decrease in outcome metric scores after treat-
ment compared to baseline, p <0.0001.ASQOL, dermatology life quality
index; BASFI, Bath Ankylosing Spondylitis Functional Index; DLQI, vi-
sual analogue scale; Q-5D, euroqol five dimensions questionnaire; SF-
36, MOS 36-item short-form health survey. Table S1: Concurrent use of
NSAIDs during the trial period.
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1 | The Limitations of the Immunological Lens

Systemic sclerosis (SSc) remains a formidable challenge in clin-
ical rheumatology, characterized by progressive tissue fibrosis
that often resists conventional immunosuppressive therapies
[1]. Managing this disease frequently presents a frustrating
clinical bottleneck: while initial inflammatory phases may be
mitigated with current therapeutic arsenals, the relentless pro-
gression of fibrosis often continues unchecked. The systemic
burden of SSc—ranging from profound cutaneous induration
to life-threatening interstitial lung disease and major adverse
cardiovascular events—highlights an urgent need to rethink
our approach to fibrogenesis [2]. Traditionally, the rheuma-
tology community has viewed the pathogenesis of SSc pre-
dominantly through an immunological lens, focusing on how
autoantibodies and inflammatory cytokines continuously ac-
tivate fibroblasts [3]. However, recent breakthroughs suggest
that extracellular matrix (ECM) stiffness is not merely an end-
point of the disease but a plausible feed-forward amplifier. This
editorial explores the clinical implications of identifying mech-
anosensitive fibroblast progenitor populations and targeting
mechanical stiffness to better understand the self-sustaining
cycle of fibrosis in SSc.

2 | Matrix Stiffness as a Plausible Feed-Forward
Amplifier

Recent original research published in the Annals of the
Rheumatic Diseases by Ueberall et al. provides a compelling
perspective: the physical rigidity of the ECM itself acts as a sig-
nal that may further amplify disease progression [4]. This builds
upon an existing, broader mechanobiology paradigm involving
integrin-mediated mechanotransduction, YAP/TAZ signal-
ing, TGF-beta activation, LOX-dependent matrix crosslinking,
and FAK signaling. The recent work challenges the classical
“chicken-or-egg” dilemma in fibrosis by demonstrating in ex-
perimental contexts that once the tissue stiffens, this mechani-
cal signal becomes a plausible feed-forward amplifier for further
deterioration.

3 | Mechanosensitive Fibroblast Progenitor
Populations and the Fibrotic Feedback Loop

The identification of specific cellular populations provides
a mechanistic link for this phenomenon. A subset of fibro-
blast progenitor cells, defined as PI16+, possess specialized
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mechanoreceptors like PIEZO1/2 that allow them to continu-
ously monitor matrix rigidity [4]. In a rigid microenvironment,
these precursor cells appear driven to differentiate into SFRP2+
COMP+ myofibroblasts, which act as a key profibrotic myofibro-
blast subset responsible for excessive collagen production. This
creates a vicious, self-sustaining feedback loop: a stiffened ECM
“educates” precursor cells to become fibrotic effectors, which
in turn secrete more matrix, further increasing tissue stiffness
within the localized environment [4].

4 | Speculative Links Between Local Mechanics
and Systemic Morbidities

For clinicians and researchers investigating the epidemiological
and systemic impact of SSc—such as the significantly increased
risks of cardiovascular comorbidities [2] or premature ovarian
insufficiency [5] frequently observed in extensive real-world
data analyses—one might speculatively hypothesize that this lo-
calized mechanical feedback loop plays a role. It is possible that
localized fibrotic niches, where PI16+ and COMP+ cells highly
co-localize, contribute broadly to the disease burden. However,
it is essential to acknowledge that these systemic morbidities and
epidemiologic associations [6] may alternatively reflect vascular
injury, underlying immune dysregulation, specific treatment
exposures, age, ascertainment biases, or other confounding fac-
tors, rather than being solely attributable to tissue stiffness.

5 | Therapeutic Horizons: Cautious Optimism for
“Anti-Stiffness” Strategies

The translational potential of this mechanobiology framework
is an active area of investigation. If matrix stiffness functions as
an amplifier of SSc, future therapeutic horizons may eventually
expand from being solely “anti-inflammatory” to incorporating
“anti-stiffness” approaches. Preclinical experimental models have
shown that mechanical stress-induced myofibroblast activation
can be mitigated by blocking mechanotransduction pathways,
such as through the use of focal adhesion kinase (FAK) inhibitors
[4]. However, transitioning these preclinical findings into clinical
reality requires careful navigation. Targeting FAK, PIEZO, and
extracellular matrix remodeling, or attempting to directly inhibit
progenitor cells raises significant challenges regarding pathway
specificity, systemic safety, efficient tissue delivery, and potential
adverse effects on essential wound healing and vascular integrity.

6 | Conclusion: Re-Evaluating the Vicious Cycle

The integration of cellular biomechanics into rheumatology of-
fers valuable insights into the pathophysiology of SSc for patients
severely restricted by tissue fibrosis [1]. As the field moves for-
ward, the development of pharmacological agents that carefully
target mechanotransduction pathways may represent a future
therapeutic direction. To ultimately improve patient outcomes
and safely reduce the severe systemic comorbidities associated
with SSc, researchers must carefully define plausible biomark-
ers and clinical endpoints for anti-stiffness strategies, moving
beyond inflammation to understand how to structurally man-
age the fibrotic microenvironment [3].
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ABSTRACT

Aim: To compare risks of malignancy, opportunistic infections, and venous thromboembolism between the targeted synthetic
disease-modifying antirheumatic drugs ((sDMARDs) and biologic DMARDs (bDMARDs) at the 2nd and 3rd lines of therapy (LOT).
Methods: We conducted a cohort study using the National Database of Health Insurance Claims (2013-2021). Patients with
rheumatoid arthritis (RA) initiating tsDMARDs or bDMARDs after conventional synthetic DMARDs (csDMARDs) were iden-
tified at the 2nd LOT or 3rd LOT. Hazard ratios (HRs) with 95% confidence intervals (CIs) were estimated using Cox models
weighted by inverse probability of treatment weighting.

Results: Among 498813 csDMARD initiators, 66 638 and 4177 initiated bDMARDs and tsDMARDs at 2nd LOT; 14085 and 1757
initiated bDMARDs and tsDMARDs at 3rd LOT. For malignancy, HRs (95% CIs) for tsDMARDs versus bDMARDs were 0.92
(0.60-1.43) at 2nd LOT and 0.94 (0.53-1.65) at 3rd LOT. HRs (95% CIs) for pneumocystis pneumonia (PCP) and deep vein throm-
bosis (DVT) were as follows: PCP, 0.98 (0.75-1.29) at 2nd LOT and 1.12 (0.81-1.54) at 3rd LOT; DVT, 1.13 (0.64-1.99) at 2nd LOT

Abbreviations: bDMARD, biologic disease-modifying anti-rheumatic drug; CI, confidence interval; COPD, chronic obstructive pulmonary disease; COX-2,
cyclooxygenase-2; csDMARD, conventional synthetic disease-modifying anti-rheumatic drug; CT, computed tomography; DVT, deep vein thrombosis; EULAR,
European Alliance of Associations for Rheumatology; ICD-10, International Classification of Diseases, 10th Revision; IPT, inverse probability of treatment; IQR,
interquartile range; IR, incidence rate; KM, Kaplan-Meier; LOT, line of therapy; MRI, magnetic resonance imaging; MTX, methotrexate; NDB, National Database of
Health Insurance Claims and Specific Health Checkups; NMSC, nonmelanoma skin cancer; NTM, nontuberculous mycobacterial infection; ORAL, Oral Rheumatoid
Arthritis Trial; PCP, pneumocystis pneumonia; PE, pulmonary embolism; PMS, post-marketing surveillance; RA, rheumatoid arthritis; SD, standard deviation; SMD,
standardized mean differences; tsDMARD, targeted synthetic disease-modifying anti-rheumatic drug; VTE, venous thromboembolism
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and 0.96 (0.52-1.78) at 3rd LOT. In contrast, herpes zoster (HZ) risk was consistently higher with tsDMARDs (2nd LOT: HR, 2.61

[95% CI, 2.24-3.05]; 3rd LOT: HR, 2.90 [95% CI, 2.38-3.53]).

Conclusions: In the nationwide Japanese cohort, tsDMARDs did not show increased malignancy risk compared to bDMARDs,
and PCP risk had no clear difference at 2nd and 3rd LOTs, whereas the risk of HZ was higher with tsDMARDs.

1 | Introduction

Rheumatoid arthritis (RA) is the most prevalent autoimmune
disease; the estimated prevalence of RA in Japan was 1.24mil-
lion, corresponding to 1.0% of the population [1]. Patients with
RA are at elevated risk of developing malignancies, particularly
lymphoma, leukemia, and lung cancer [2-5]. This increased risk
is attributed to chronic immune dysregulation and inflammation,
which can promote oncogenesis via enhanced cell proliferation,
DNA damage, and angiogenesis [6, 7].

Current clinical guidelines recommend conventional syn-
thetic disease-modifying anti-rheumatic drugs (csDMARDs),
particularly methotrexate (MTX), as the initial treatment for
DMARD-naive patients with active RA [8-10]. For patients
with an inadequate response to MTX, subsequent treatment
options include adding other csDMARDs or escalating to bio-
logic DMARDs (bDMARDs) or targeted synthetic DMARDs
(tsDMARDs), either in combination with MTX or, in selected
patients, as monotherapy [9-12].

The tsDMARDs, such as tofacitinib and baricitinib, have prompted
additional safety concerns, particularly regarding cancer, venous
thromboembolism (VTE), and infection risk [13-17]. Global tri-
als of tofacitinib reported a malignancy incidence rate of ap-
proximately 0.85 per 100 person-years [18]. Infections, especially
pneumonia and herpes zoster, were also common [19]. Japanese
post-marketing data have shown similar safety profiles, although
the data remain limited [20, 21]. Of note, the Oral Rheumatoid
Arthritis Trial (ORAL) Surveillance was a randomized safety
trial that enrolled patients with active RA who had an inadequate
response to MTX, were aged > 50years, and had at least one car-
diovascular risk factor. The trial reported higher rates of malig-
nancy and major adverse cardiovascular events with tofacitinib
than with tumor necrosis factor (TNF) inhibitors [22]. However,
many of these studies were limited by small sample sizes, short
follow-up periods, and a lack of real-world comparative data, espe-
cially in Japanese clinical settings. This gap has resulted in a lim-
ited understanding of the real-world safety of tsDMARDs among
Japanese RA patients. This study aimed to compare the incidence
of malignancies, serious infections, and venous thromboembolism
between RA patients treated with tsDMARDs and those treated
with bDMARD:s at the 2nd or 3rd line of therapy (LOT), using na-
tionwide administrative claims data from Japan.

2 | Methods

2.1 | Study Design and Data Source

This cohort study used data from the National Database of Health
Insurance Claims (NDB), a nationwide administrative database

maintained by the Ministry of Health, Labor and Welfare in
Japan. The study period was between July 2013 and March 2021.

The NDB includes 98% of all health insurance claims and health
checkup records for individuals covered by Japan's universal
health insurance system, including information on diagnoses,
procedures, and prescriptions [23]. This study was approved by
the Institutional Review Board of the University of Tokyo (ap-
proval no. 2020282NI-[2]).

2.2 | Study Population

We included patients with a diagnosis of RA who initiated treat-
ment with csDMARDs and were aged >18years at csDMARD
initiation. RA diagnosis was identified using the International
Classification of Diseases, 10th Revision (ICD-10) codes MO05
and M06, excluding M06.0, M06.1, and M06.4. We excluded pa-
tients with a malignancy in the prior 12 months and those with
psoriasis diagnosed within a month before or after csDMARD
initiation. The detailed Japanese claims codes for the included
drugs are provided in Table S1.

2.3 | Post-First-Line csDMARD Treatment Group

We grouped patients by the targeted agent initiated as the 2nd
LOT. Initiating a tsSDMARD (monotherapy or in combination
with ¢csDMARDS) defined the 2nd LOT-tsDMARD initiator
group; initiating a bDMARD (monotherapy or in combination
with csDMARDs) defined the 2nd LOT-bDMARD initiator
group. Line-of-treatment transitions were defined using pre-
scription records. A LOT was considered to be continuing when
the same eligible DMARD was recorded again within 180days
of the preceding record. When no subsequent record for the
same DMARD was observed within this 180-day grace period,
we assessed whether another eligible b(DMARD or tsDMARD
was initiated within the same 180-day grace period. If another
eligible DMARD was initiated during this grace period, the pa-
tient was classified as having switched treatment. The initiation
date of the new agent was used as the index date of the next LOT.
If no eligible alternative DMARD was observed during this
window, the episode was classified as discontinuation without
switch. The patient flowchart is shown in Figure 1.

For malignancy assessments, sub-cohorts were created for each
treatment group by excluding patients with a recorded diagnosis
of any malignancy (ICD-10 codes: C00-C97 [except C76-C80]
and D00-D09) within 1year prior to the initiation of each re-
spective LOT (Figure S1A,B).

2.4 | Covariates
We assessed baseline characteristics at the index date and during

the 12months preceding the initiation of the 2nd and 3rd LOTs.
Variables included age, sex, duration of the prior line of therapy,
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2021 in NDB (n=612,610)

Prescription of RA drugs from July 2013 to March

|

212 month of continuous enroliment prior to
index month (n=592,546)

Excluded (n=72,954)

1

Any malignancy diagnosis (n=55,143)

Patients without malignancy and psoriasis
(n=519,592)

Psoriasis and psoriatic arthritis (n=19,283)

Excluded (n=2,288)

RA drug initiators
(n=517,304)

Age of <18 years

csDMARD initiators
(n=498,813)

2L-bDMARD initiators
(n=66,638)

2L-tsDMARD initiators
(n=4,177)

[ |

3L-bDMARD initiators

(n=14,085) (n=1,757)

3L-tsDMARD initiators

FIGURE1 | Patient flow chart.

proxies for disease severity (e.g., inflammatory marker testing,
RA-related surgical procedures, intra-articular injections, and
extra-articular manifestations of RA), comorbid conditions,
concomitant medication use, hospitalization history, imaging
procedures, and year of treatment initiation. Detailed Japanese
disease codes and claims codes are provided in Table S2.

2.5 | Follow-Up and Outcomes

Follow-up started on the index date and continued until the ear-
liest of the following: occurrence of the study outcome, initiation
of an alternative eligible DMARD, treatment discontinuation
without a switch, switch, death, or the end of the study period
(March 31, 2021). Switching was assessed before assigning dis-
continuation. For patients who switched treatment, follow-up
for the preceding LOT continued until the initiation date of the
alternative DMARD, and the next LOT started on that date. For
patients who did not switch, discontinuation was assigned to the
last prescription date of the current LOT drug after confirming

that no subsequent prescription for the same drug or eligible al-
ternative DMARD occurred within 180days.

The incidence of the following 14 outcomes was evaluated: all
malignancies defined using disease and procedure codes (e.g.,
oncology testing and care management) (both excluding and
including nonmelanoma skin cancer [NMSC]) and the follow-
ing outcomes—breast, lung, gastric, pancreatic, and colorectal
cancers; lymphoma; pneumocystis pneumonia (PCP); tuber-
culosis (TB); nontuberculous mycobacterial infection (NTM);
herpes zoster (HZ); pulmonary embolism (PE); and deep vein
thrombosis (DVT)—defined using disease, drug, and pro-
cedure codes. For malignancy and infectious outcomes, the
definitions were adapted from previously validated claims-
based algorithms, with modifications according to the avail-
able NDB claims data [24, 25]. The definitions of outcomes are
listed in Table S3.

For non-malignancy outcomes, 3-month event-free windows
were used to distinguish incident episodes from ongoing claims
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related to the same clinical episode. These windows were se-
lected based on clinical judgment and expert consensus because
standardized, validated event-free windows for these outcomes
in the NDB are not available.

2.6 | Statistical Analyses

To address confounding due to non-randomized treatment al-
location, we applied stabilized inverse probability of treatment
(IPT) weighting to estimate the average treatment effect in the
cohort. Treatment probabilities of initiating tsDMARDs com-
pared with initiating bDMARDs at each line of therapy were
estimated using multivariable logistic regression including all
prespecified covariates listed above. The distribution of esti-
mated treatment probability was evaluated graphically using
histograms. Baseline characteristics were summarized using
means with standard deviations (SDs) and medians with inter-
quartile ranges (IQRs) for continuous variables and counts and
proportions for categorical variables. Covariate balance before
and after weighting was assessed using standardized mean dif-
ferences (SMDs).

Crude outcome risks were evaluated using incidence rates (IRs)
and cumulative incidence, with the latter estimated via the
Kaplan-Meier (KM) method, both with and without IPT weight-
ing. Cumulative incidence functions were plotted for the entire
follow-up. Hazard ratios (HRs) between treatment type and
outcomes were estimated using IPT-weighted and unweighted
Cox proportional hazards models, with treatment as the sole
covariate in the model. Robust 95% confidence intervals (CIs)
were calculated using the sandwich variance estimator. Per the
NDB data-use agreement, we could not disclose any cell counts
< 10; such values were suppressed or aggregated as required. All
statistical analyses were conducted using SAS version 9.4 (SAS
Institute, Cary, NC, USA).

3 | Results
3.1 | Patient Characteristics and IPT Weighting

Among 498 813 patients who initiated csDMARDs between July
2013 and March 2021 (Figure 1), 66638 patients initiated bD-
MARD:s as the 2nd LOT (median [IQR] age: 63 [53-74] years;
74.5% women) (2nd LOT-bDMARD group) and 4177 patients ini-
tiated tsDMARDs as the 2nd LOT (median [IQR] age: 65 [53-74]
years; 72.2% women) (2nd LOT-tsDMARD group). Among the
2nd LOT-bDMARD group, 14085 patients initiated another bD-
MARD with a distinct active ingredient (median [IQR] age: 63
[49-73] years; 76.3% women) as 3rd LOT (3rd LOT-bDMARD
group) and 1757 patients initiated tsDMARDs as 3rd LOT
(median [IQR] age: 64 [52-74] years; 74.0% women) (3rd LOT-
tsDMARD group) (Tables 1 and 2). Note that those initiating
tsDMARDs were predominantly from the later years, with 72%
initiating treatment in 2019 or later.

Baseline characteristics before and after IPT weighting are pre-
sented in Tables 1 and 2. Before weighting, compared with the
2nd LOT-bDMARD group, the 2nd LOT-tsDMARD group was
older, had a longer duration of csDMARD treatment, initiated

2nd LOT more recently, and was more likely to use calcineurin
inhibitors. In contrast, the 2nd LOT-tsDMARD group was less
likely to have received intra-articular injections, had ankylos-
ing spondylitis, or used NSAIDs. Similarly, compared with the
3rd LOT-bDMARD group, the 3rd LOT-tsDMARD group was
older, had a longer duration of prior bDMARD treatment, ini-
tiated 3rd LOT more recently, and had a higher prevalence of
diabetes. The prevalence of systemic glucocorticoid use was
slightly higher in the bDMARD group at both the 2nd and 3rd
LOTs. The malignancy assessment subgroup showed simi-
lar baseline characteristics to the overall study population
(Tables S4 and S5).

The distributions of estimated treatment probability before and
after weighting for the bDMARD group and the tsDMARD
group at each treatment line are presented in Figures S3 and S4.
The treatment probability models showed good discrimination,
with C-statistics of 0.75 and 0.68 for the 2nd and 3rd LOT co-
horts, respectively, in both the overall study population and the
malignancy assessment sub-cohort. After applying stabilized
IPT weighting, absolute values of all SMDs for baseline covari-
ates were below 0.1 across both LOTs for the overall study pop-
ulation and the malignancy assessment sub-cohort, supporting
the covariate balance between treatment groups.

3.2 | Outcomes at the 2nd LOT

3.2.1 | Malignancy

During a median follow-up of 534 days (IQR, 218-853) in the
tsDMARD group and 1096days (IQR, 574-1741) in the bD-
MARD group, 41 and 993 cases of all malignancies exclud-
ing NMSC were identified, respectively. Before weighting,
the IRs of all malignancies excluding NMSC were 0.80 (95%
CI, 0.56-1.05) and 0.85 (95% CI, 0.80-0.91) per 100 person-
years in the tsDMARD and bDMARD groups, respectively
(weighted IRs: 0.81 [95% CI, 0.61-1.00] and 0.86 [95% ClI,
0.80-0.91]) (Table S6 and Table 3). The weighted 5-year cumu-
lative incidence of all malignancies excluding NMSC was 2.5%
(95% CI, 1.5%-4.2%) in the tsDMARD group and 4.5% (95% CI,
4.1%-4.9%) in the bDMARD group (Table 3; Figure 2). After
IPT weighting, no clear increase in the risk of all malignancies
excluding NMSC was observed with tsDMARDs compared
with bDMARDs (HR, 0.92 [95% CI, 0.60-1.43]) (Table 3).
Results of all malignancies and for specific cancer types
(breast, lung, gastric, pancreatic, colorectal, and lymphoma)
are shown in Figure S5 and Table S6. For all malignancies
(including NMSC), the results were consistent with those
excluding NMSC. However, due to the very low incidence of
specific malignancy types in the tsDMARD group, event rar-
ity limited the precision of incidence rate and HR estimates
(Table S7; Figure S5).

3.2.2 | Infectious Disease and Venous
Thromboembolism

During a median follow-up of 522 days (IQR, 217-849) in the tsD-
MARD group and 1092days (IQR, 570-1736) in the bDMARD

40f 17

International Journal of Rheumatic Diseases, 2026



TABLE1 | Baseline characteristics of 2L-tsDMARD group and 2L-bDMARD group (all eligible patients).

Unweighted IPT-weighted?®
2L- 2L- Standardized 2L- 2L- Standardized
tsDMARDs bDMARDSs mean tsDMARDs bDMARDSs mean
Variable (n=4177) (n=66638) difference (n=4084.5) (n=66640.9) difference
Women, sex 3016 (72.2) 49673 (74.5) 0.05 3016.9 (73.9) 49580.7 (74.4) 0.01
Age, years, median 65 (53, 74) 63 (53, 74) 0.18 63 (51, 72) 63 (50, 73) 0.03
(IQR)
No. of hospital days, 1.3 (10.5) 2.2(12.3) -0.08 2.2(18.3) 2.2(12.0) 0.00
mean (SD)
Duration to second- 310 (107, 200 (80, 507) 0.35 234 (87, 584) 204 (81, 522) 0.00
line, days, median 874)
(IQR)
Disease severity
Marker of 4135 66522 (99.8) 0.00 >4043.7 66525.1 (99.8) 0.02
inflammation test (>99.0)° (>99.0)
RA-related 113 (2.7) 1565 (2.3) -0.02 106.2 (2.6) 1579.0 (2.4) -0.01
surgeries
Any intraarticular 1286 (30.8) 23756 (35.6) 0.10 15139 (37.1)  23566.0 (35.4) —-0.04
injection
Extra-articular 1128 (27.0) 16958 (25.4) —-0.04 1089.4 (26.7) 17023.1 (25.5) —-0.03
manifestation of
RA
Comorbidities
Ischemic heart 483 (11.6) 7326 (11.0) -0.02 475.0 (11.6) 7350.0 (11.0) —-0.02
disease
COPD 544 (13.0) 7707 (11.6) —-0.04 539.1 (13.2) 7767.8 (11.7) —-0.05
Interstitial lung 895 (21.4) 13006 (19.5) —0.05 854.0 (20.9) 13085.1 (19.6) -0.03
disease
Cerebrovascular 460 (11.0) 6870 (10.3) -0.02 432.4 (10.6) 6898.1 (10.4) -0.01
disease
Fracture 382 (9.1) 5798 (8.7) -0.02 357.3(8.7) 5816.1 (8.7) 0.00
Diabetes 687 (16.4) 9498 (14.3) -0.06 592.8 (14.5) 9584.5 (14.4) 0.00
Hypertension 1773 (42.4) 25750 (38.6) -0.08 1595.5(39.1)  25900.5 (38.9) 0.00
Hyperlipidemia 1724 (41.3) 25224 (37.9) —-0.07 1525.5(37.3) 25361.5 (38.1) 0.01
Emphysema 125(3.0) 1472 (2.2) -0.05 120.5 (3.0) 1505.4 (2.3) —-0.04
Sjogren syndrome 325(7.8) 5079 (7.6) -0.01 327.7 (8.0) 5086.6 (7.6) —-0.01
Systemic lupus 175 (4.2) 2403 (3.6) -0.03 155.5 (3.8) 2426.7 (3.6) -0.01
erythematosus
Mixed connective- 61 (1.5) 686 (1.0) —0.04 45.0 (1.1) 702.8 (1.1) 0.00
tissue disease
Systemic sclerosis 59 (1.4) 1158 (1.7) 0.03 65.8 (1.6) 1145.8 (1.7) 0.01
Pneumocystis 238 (5.7) 4535 (6.8) 0.05 252.0 (6.2) 4490.1 (6.7) 0.02
pneumonia
Tuberculosis 198 (4.7) 3679 (5.5) 0.04 236.5(5.8) 3649.7 (5.5) -0.01
(Continues)
International Journal of Rheumatic Diseases, 2026 50f17



TABLE1 | (Continued)
Unweighted IPT-weighted?®
2L- 2L- Standardized 2L- 2L- Standardized
tsDMARDs bDMARDs mean tsDMARDs bDMARDSs mean
Variable (n=4177) (n=66638) difference (n=4084.5) (n=66640.9) difference
Nontuberculous 46 (1.1) 827 (1.2) 0.01 43.9(1.1) 821.0 (1.2) 0.01
mycobacteriosis
Herpes zoster 133 (3.2) 2059 (3.1) —-0.01 146.8 (3.6) 2063.0 (3.1) —0.03
Pulmonary 12 (0.3) 192 (0.3) 0.00 13.6 (0.3) 191.8 (0.3) —-0.01
embolism
Deep vein 157 (3.8) 2491 (3.7) 0.00 153.0 (3.7) 2491.4 (3.7) 0.00
thrombosis
Heart failure 551 (13.2) 8410 (12.6) -0.02 521.3 (12.8) 8433.9 (12.7) 0.00
Asthma 633 (15.2) 10872 (16.3) 0.03 672.2 (16.5) 10827.9 (16.2) -0.01
Ankylosing <10P 1008 (1.5) 0.14 27.8 (0.7) 956.0 (1.4) 0.08
spondylitis
Autoimmune <10° 37(0.1) 0.02 <10 35.8(0.1) 0.00
hemolytic anemia
Mixed <10b 60 (0.1) 0.01 <10 59.3(0.1) 0.01
cryoglobulinemia
Inflammatory 26 (0.6) 628 (0.9) 0.04 27.3(0.7) 615.1 (0.9) 0.03
bowel disease
Colon polyps 194 (4.6) 2969 (4.5) -0.01 189.9 (4.6) 2976.9 (4.5) -0.01
H-pylori associated 108 (2.6) 1723 (2.6) 0.00 133.5(3.3) 1723.6 (2.6) —0.04
chronic gastritis
Hepatitis C virus 165 (4.0) 2061 (3.1) —-0.05 141.8 (3.5) 2097.7 3.1) —0.02
Hepatitis B virus 158 (3.8) 2958 (4.4) 0.03 184.9 (4.5) 2932.3 (4.4) —-0.01
Medication use
Opioids 805 (19.3) 13614 (20.4) 0.03 857.3 (21.0) 13570.0 (20.4) -0.02
Systemic 2343 (56.1) 39438 (59.2) 0.06 2455.1 (60.1) 39320.3 (59.0) —-0.02
glucocorticoids
Non-steroidal 2517 (60.3) 43424 (65.2) 0.10 2616.1 (64.0) 43232.6 (64.9) 0.02
anti-inflammatory
agents (non-
selective and
COX-2 selective)
Calcineurin 609 (14.6) 7355 (11.0) -0.11 445.8 (10.9) 7492.6 (11.2) 0.01
inhibitor
Methotrexate 3546 (84.9) 56401 (84.6) —0.01 3538.1 (86.6) 56417.9 (84.7) —0.05
Image inspections
CT 2539 (60.8) 43391 (65.1) 0.09 2597.0(63.6)  43225.3 (64.9) 0.03
MRI 1281 (30.7) 22690 (34.0) 0.07 1347.9 (33.0) 22559.7 (33.9) 0.02
X-rays 3969 (95.0) 64378 (96.6) 0.08 3913.5(95.8) 64317.4 (96.5) 0.03
Mammography 156 (3.7) 2466 (3.7) 0.00 141.5 (3.5) 2466.6 (3.7) 0.01
Index year 0.28 0.01
(Continues)
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TABLE1 | (Continued)
Unweighted IPT-weighted?®
2L- 2L- Standardized 2L- 2L- Standardized
tsDMARDs bDMARDs mean tsDMARDs bDMARDs mean
Variable (n=4177) (n=66638) difference (n=4084.5) (n=66640.9) difference

2013 <10° 967 (1.5) 457 (1.1) 917.5 (1.4)

2014 <60P 5296 (7.9) 275.6 (6.7) 5032.5(7.6)

2015 116 (2.8) 7642 (11.5) 447.1 (10.9) 7300.4 (11.0)

2016 149 (3.6) 8520 (12.8) 485.1 (11.9) 8157.5(12.2)

2017 265 (6.3) 9853 (14.8) 593.8 (14.5) 9521.4 (14.3)

2018 585 (14.0) 11129 (16.7) 681.6 (16.7) 11022.7 (16.5)

2019 1197 (28.7) 10896 (16.4) 702.1 (17.2) 11377.8 (17.1)

2020 1323 (31.7) 9764 (14.7) 671.4 (16.4) 10437.2 (15.7)

2021 482 (11.5) 2571 (3.9) 182.1 (4.5) 2873.9 (4.3)

Note: Data are numbers (%) of patients unless stated otherwise.

Abbreviations: 2L, 2nd line; bDMARD, biologic DMARD; COPD, chronic obstructive pulmonary disease; COX-2, cyclooxygenase-2; CT, computed tomography; H.-
pylori, Helicobacter pylori; IPT, inverse probability of treatment; IQR, interquartile range; MRI, magnetic resonance imaging; RA, rheumatoid arthritis; SD, standard

deviation; tsDMARD, targeted synthetic DMARD.
2Weights were truncated at the 99.5th percentile.

bCounts were suppressed in accordance with disclosure control requirements when the cell count or complementary cell count was < 10.

group, the crude IRs per 100 person-years (95% CIs) in the tsD-
MARD and bDMARD groups were as follows: for PCP, 2.16
(1.76-2.56) and 1.84 (1.76-1.92) (weighted IRs [95% CIs], 1.75
[1.45-2.04] and 1.84 [1.77-1.92]); for NTM, 0.23 (0.10-0.36) and
0.21 (0.19-0.24) (weighted IRs [95% CIs], 0.29 [0.17-0.40] and
0.21 [0.19-0.24]); and for HZ, 6.45 (5.74-7.17) and 2.47 (2.38-2.56)
(weighted IRs [95% CIs], 6.41 [5.82-6.99] and 2.47 [2.38-2.56])
(Table S6; Table 3). The weighted 5-year cumulative incidences
(95% CIs) in the tsDMARD and bDMARD groups were as fol-
lows: for PCP, 6.2% (4.5%-8.5%) and 6.8% (6.4%-7.1%); for NTM,
1.0% (0.5%-2.1%) and 0.8% (0.7%-1.0%); and for HZ, 24.0%
(19.5%-29.3%) and 10.7% (10.2%-11.1%), respectively (Table 3 and
Figure 2). The use of tsDMARDs at the 2nd LOT did not increase
the risk of PCP (HR, 0.98 [95% CI, 0.75-1.29]) or NTM (HR, 1.39
[95% CI, 0.69-2.80]) compared with bDMARDs. However, the
risk of HZ was higher in the tsDMARD group (HR, 2.61 [95% CI,
2.24-3.05]) (Table 3). The number of TB events in the tsDMARD
group was insufficient to estimate the incidence rates and the HR
for the outcome (Table S7; Figure S5).

For PE, the crude IRs per 100 person-years (95% CIs) were 0.14
(0.04-0.23) in the tsDMARD and 0.08 (0.07-0.10) in the bD-
MARD groups; weighted IRs (95% CIs) were 0.13 (0.05-0.20) and
0.09 (0.07-0.10), respectively. For DVT, the crude IRs (95% CIs)
were 0.48 (0.29-0.67) and 0.38 (0.34-0.41), and the weighted IRs
(95% CIs) were 0.42 (0.28-0.57) and 0.38 (0.35-0.42) (Table S6;
Table 3). After weighting, the 5-year cumulative incidence (95%
CIs) of PE was 0.4% (0.1%-1.0%) in the tsDM ARD group and 0.3%
(0.3%-0.5%) in the b(DMARD group; for DVT, 1.3% (0.7%-2.3%)
vs. 1.5% (1.4%-1.7%), respectively (Table 3; Figure 2). No clear
increased risks of PE or DVT were observed with tsDMARDs
compared with bDMARDs (PE: HR, 1.55 [95% CI, 0.46-5.25];
DVT: HR, 1.13 [95% CI, 0.64-1.99]) (Table 3).

3.3 | Outcomes at the 3rd LOT
3.3.1 | Malignancy

The median follow-up duration [IQR] was 656 [319-995] days
in the tsDMARD group and 1008 [571-1573] days in the bD-
MARD group, during which 18 and 164 cases of any malignancy
excluding NMSC were identified, respectively. The unweighted
incidence rates were 0.71 (95% CI, 0.38-1.04) and 0.75 (95% CI,
0.64-0.87) per 100 person-years in the tsDMARD and bDMARD
groups, respectively (weighted IRs [95% CIs], 0.71 [0.42-1.01] and
0.76 [0.65-0.88]) (Table S6; Table 3). The weighted 5-year cumula-
tive incidence (95% CIs) of all malignancies excluding NMSC was
4.7% (1.7%-12.2%) in the tsDMARD group vs. 3.5% (2.9%-4.3%)
in the bDMARD group (Table 3; Figure 3). After weighting,
treatment with tSDMARDs did not show an increased risk of all
malignancies excluding NMSC compared with bDMARDs (HR,
0.94 [95% CI, 0.53-1.65]). The results for overall malignancies
were consistent with those for malignancy excluding NMSC.
Many of the site-specific malignancy outcomes—such as breast,
lung, gastric, pancreatic, colorectal cancer, and lymphoma—had
limited event counts, precluding stable estimation of incidence
rates HRs (see Table S7; Figure S6).

3.3.2 | Infectious Disease and Venous
Thromboembolism

The crude IRs per 100 person-years (95% ClIs) in the tsD-
MARD and bDMARD groups were as follows: for PCP, 2.54
(1.92-3.16) and 2.17 (1.97-2.36) (weighted IRs [95% CIs], 2.36
[1.83-2.90] and 2.20 [2.00-2.39]); for NTM, 0.15 (0.00-0.31)
and 0.17 (0.12-0.22) (weighted IRs [95% CIs], 0.10 [0.00-0.21]
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and 0.17 [0.12-0.23]); and for HZ, 7.25 (6.17-8.34) and 2.52
(2.31-2.73) (weighted IRs [95% ClIs], 7.30 [6.32-8.28] and 2.53
[2.32-2.75]) (Table S6; Table 3). The weighted 5-year cumu-
lative incidence (95% ClIs) for PCP was 8.7% (5.9%-12.7%) in
the tsDMARD group and 7.5% (6.7%-8.4%) in the bDMARD
group. For NTM, it was 0.3% (0.1%-0.9%) vs. 0.6% (0.4%-1.0%),
and for HZ, 28.2% (22.1%-35.6%) vs. 9.7% (8.7%-10.8%), re-
spectively (Table 3; Figure 3). After weighting, tsDMARD use
at the 3rd LOT did not increase the risk of PCP (HR, 1.12 [95%
CI, 0.81-1.54]) and NTM (HR, 0.64 [95% CI, 0.20-2.03]) com-
pared to bDMARDs. However, the risk of HZ remained ele-
vated in the tsDMARD group (HR, 2.90 [95% CI, 2.38-3.53])
(Table 3). The number of TB events in the tsDMARD group
was too small to yield reliable incidence rate estimates or haz-
ard ratios (Table S7; Figure S6).

For PE, the crude IRs per 100 person-years (95% CIs) were 0.12
(0.00-0.25) in the tsDMARD and 0.10 (0.06-0.14) in the bD-
MARD groups, and weighted IRs (95% CIs) were 0.06 (0.00-0.15)
and 0.11 (0.06-0.15), respectively. For DVT, the crude IRs (95%
CIs) were 0.58 (0.29-0.88) and 0.48 (0.39-0.58), and the weighted
IRs (95% CIs) were 0.46 (0.22-0.69) and 0.49 (0.40-0.58), respec-
tively (Table S6; Table 3). The weighted 5-year cumulative inci-
dence (95% CIs) of PE was 0.2% (0.0%-1.3%) in the tsSDMARD
group and 0.4% (0.2%-0.6%) in the bDMARD group; for DVT,
the corresponding cumulative incidence was 2.2% (0.8%-6.4%)
vs. 2.4% (1.8%-3.1%) (Table 3; Figure 3). Treatment with tsD-
MARDEs did not show increases in the risks of PE (HR, 0.62 [95%
CI, 0.18-2.15]) or DVT (HR, 0.96 [95% CI, 0.52-1.78]) compared
with bDMARDs (Table 3).

4 | Discussion

In this large, real-world cohort of patients with rheumatoid ar-
thritis initiating tsDMARDs or bDMARDs at the 2nd and 3rd
LOTs, initiation of tsDMARDs did not show a clear increase
in overall malignancy risk compared with bDMARDs. At both
treatment lines, PCP risk appeared comparable between tsD-
MARDs and bDMARDs, and an increased VTE risk was not
observed. In contrast, HZ occurred more frequently among tsD-
MARD users, highlighting the need for preventive strategies in
clinical practice.

The ORAL Surveillance trial was a randomized, open-label,
phase IIIb/IV, non-inferiority, safety end-point study analyzed
by intention-to-treat. It compared tofacitinib 5mg twice daily or
10 mg twice daily with a TNF inhibitor in patients with rheuma-
toid arthritis who had an inadequate response to methotrexate
and were aged >50years with at least one cardiovascular risk
factor. The risk of malignancy was higher with tofacitinib than
with TNFi (HR, 1.47 [95% CI, 1.00-2.18] for 5mg BID; HR, 1.48
[95% CI, 1.00-2.19] for 10mg BID), and non-inferiority was not
met [22, 26]. In a subgroup analysis, tofacitinib increased the risk
of malignancy excluding NMSC among patients > 65years with
a history of smoking (HR, 2.42 [95% CI, 1.21-4.82]), whereas
no clear increase was observed in < 65-year-old never-smokers
[27]. In contrast, our Japanese nationwide claims-based cohort
included a broader age and cardiovascular-risk distribution,
evaluated class-level use of tsDMARDs and bDMARDs, and re-
lied on claims-based outcome definitions under a per-protocol

follow-up framework. These differences in patient risk profile,
including the prevalence of concomitant MTX use, exposure
scope, and outcome ascertainment, likely explain the weaker
malignancy risk observed in our study.

The Japanese all-case post-marketing surveillance (PMS) pro-
gram for tofacitinib enrolled patients initiating the drug and
a contemporaneous control cohort receiving methotrexate or
other DMARDs [20, 21]. In the 3-year PMS analysis, the IRs
were 6.86 (95% CI, 5.96-7.86) per 100 person-years for serious
infections and 1.40 (95% CI, 1.18-1.66) for malignancy, with
herpes zoster being the most frequent serious infection (IR, 4.82
[95% CI, 4.47-5.20]). In our claims-based, active-comparator
analysis of tsDMARDs versus bDMARDs, which applied an
on-treatment risk window and algorithm-defined outcomes,
the malignancy IR was slightly lower at 0.81 (95% CI, 0.61-1.00)
per 100 person-years, whereas the herpes zoster IR was more
similar at 6.41 (95% CI, 5.82-6.99), among the 2nd LOT. These
differences likely reflect both population and methodological
factors: PMS followed patients throughout a predefined obser-
vation period irrespective of treatment persistence and relied
on investigator-reported outcomes, whereas our study used ad-
ministrative claims with high specificity but incomplete event
capture, and ascertainment accuracy may vary by outcome
type and data source.

Several observational studies have evaluated the safety of
tsDMARDs, including the risks of malignancy, infection, and
venous thromboembolism (VTE). Among RA patients with
an inadequate response to csDMARDSs, comparative risks
versus bDMARDs have shown nuanced patterns. A pooled
analysis of the tofacitinib clinical development program (total
12664 patient-years of exposure) reported an overall malig-
nancy incidence rate excluding NMSC of 0.85 per 100 PY (95%
CI, 0.70-1.02) [18]. This value is similar to rates reported for
bDMARD:s in the literature; however, the pooled program is
largely single-arm, so it does not provide a direct comparative
estimate. The standardized incidence ratio (SIR) for all ma-
lignancies (excluding NMSC) versus the US SEER population
was 1.17 (95% CI, 0.96-1.41), consistent with expectations for
moderate-to-severe RA [18].

Direct real-world head-to-head studies comparing tofacitinib/
JAK inhibitors with TNF inhibitors have shown mixed results,
ranging from no difference [28, 29] to a moderately higher risk
in some settings [30]. For example, a nationwide Korean cohort
comparing JAK inhibitors (tofacitinib, baricitinib, upadacitinib)
with TNFi found an increased malignancy risk (HR, 1.61 [95%
CI, 1.08-2.41]) after adjustment [30]. In contrast, the multi-
database STAR-RA study observed no risk with tofacitinib ver-
sus TNFi (pooled weighted HR, 1.01 [95% CI, 0.83-1.22]), with
results varying by subgroup (e.g., sex, age, prior bDMARD use)
and data source (Optum, MarketScan, Medicare) [28]. Our find-
ing of no overall increase in malignancy with tsDMARDs versus
bDMARDs at later treatment lines complements prior routine-
care comparisons while highlighting that population risk pro-
files, exposure patterns, and study design can substantially
influence absolute risk estimates.

Opportunistic infections—including HZ, PCP, and NTM—
occur in patients treated with both tsDMARDs and bDMARD:s.
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HZ is consistently more frequent with tsDMARDs/JAK inhibi-
tors, and our findings are aligned with prior reports [22, 31-34].
The HZ vaccine could help prevent the onset of events among
patients receiving tsDMARDs and bDMARDSs and may be an
important confounder in safety assessments. However, vacci-
nation data are not included in Japanese claims data due to a
lack of coverage by the national health insurance. As a result,
the distribution of HZ vaccine coverage could not be obtained.
Moreover, the HZ vaccine was introduced in December 2020,
and the national immunization program (NIP) for it began in
April 2025. This suggests that the majority of patients in our
study population did not receive the vaccine. These consider-
ations also imply that HZ is a preventable adverse event and
that the implementation of the NIP may reduce HZ incidence,
thereby lessening concerns regarding HZ.

In a Japanese nationwide cohort, the IR of PCP with bD-
MARDs was approximately 0.11-0.21 per 100 person-years
(95% CI, 0.09-0.14 to 0.16-0.28), which was similar to the IR
with tofacitinib (0.22 per 100 person-years [95% CI, 0.07-0.63])
[34]. To our knowledge, comparative evidence for PCP risk
between tsDMARDs and bDMARDs remains limited. In our
study, PCP risk was comparable between treatment classes
(HR, 0.98 [95% CI, 0.75-1.29] at 2nd LOT; HR, 1.12 [95% CI,
0.81-1.54] at 3rd LOT), adding head-to-head data to an area
with sparse prior evidence. In addition, studies have assessed
PCP prophylaxis in rheumatic diseases, including populations
treated with bDMARDs or tsDMARDSs [35, 36]. Prophylaxis—
particularly in patients receiving prolonged high-dose gluco-
corticoids—had a lower incidence of PCP without new safety
concerns [35].

The association between glucocorticoid therapy and serious
infections has been well documented in observational studies
[37, 38]. In our analysis, we adjusted for systemic glucocorticoid
use to account for its potential confounding effects. Notably,
the prevalence of concomitant glucocorticoid use was slightly
higher in the bDMARD group at both 2nd and 3rd LOTs. Taken
together, our 2nd and 3rd LOT findings support risk-adapted se-
lection: tsDMARDs are a reasonable choice when malignancy
and VTE profiles are acceptable, with enhanced HZ vaccina-
tion, optimal systemic glucocorticoid use, and monitoring.

There were no increased risks of malignancy excluding NMSC,
PCP, and NTM infections, or VTE observed with tsDMARDs
compared withbDMARDs at the 2nd and 3rd LOTs. These results
were generally similar to the 5-year results of the CORRONA
RA registry [29]. However, a cautious approach to the use of
tsDMARDs is warranted. In line with the European Alliance
of Associations for Rheumatology (EULAR) Recommendations
[10], patient-specific risks should be carefully assessed, and the
decision to administer tsDMARDs should be made after patients
have been adequately informed.

This study had several limitations. First, as an analysis of ad-
ministrative claims, residual confounding cannot be excluded
despite extensive covariate adjustment and IPT weighting; im-
portant factors such as disease activity measures or proxies of
inflammation (e.g., DAS28), BMI, smoking, HZ vaccination
status, and clinician-related factors (e.g., physician prescribing

preferences) are not directly captured. These factors may influ-
ence both treatment selection and outcomes. Although the study
period preceded the introduction of Japan's national routine
HZ vaccination program in April 2025 and vaccination uptake
under municipal subsidy programs was reportedly low [39], in-
dividual vaccination status was unavailable, precluding assess-
ment of differential uptake between treatment groups. Second,
misclassification of exposures, covariates, and outcomes is pos-
sible. RA and comorbidities were identified by diagnosis codes,
and LOTs were algorithmically defined using claims records
and a 180-day grace period. This LOT-based exposure defini-
tion does not fully capture temporary treatment interruptions,
dose adjustments, delayed prescriptions, or true pharmacologic
exposure in routine RA care. Post-index time-varying exposure
and cumulative drug exposure were also not explicitly modeled,
which may be particularly relevant for outcomes such as ma-
lignancy and VTE. Third, outcome ascertainment was based
on claims-based algorithms. Although malignancy and infec-
tious outcomes were defined using algorithms adapted from
prior validation studies [24, 25], the outcome definitions were
not directly validated within the NDB, and sensitivity analyses
using alternative definitions were not conducted. Therefore, out-
come misclassification, including under- or over-ascertainment,
may have affected hazard ratio estimates, particularly for low-
frequency outcomes such as NTM infection, PE, DVT, and site-
specific malignancies. Fourth, a small proportion of patients in
the RA cohort had ankylosing spondylitis (AS)-related claims.
AS-related claims were more frequent than expected and may
have reflected diagnostic misclassification or suspected diag-
noses. Although residual confounding related to treatment se-
lection cannot be excluded, their low prevalence suggests that
any impact on the overall estimates was likely limited. Fifth, as
there are currently no validated definitions or standardized time
frames for event-free windows for these outcomes, including
those described in existing literature and clinical guidelines, a
3-month event-free window was defined based on prior clinical
experience and expert opinion. Sixth, follow-up duration dif-
fered between treatment classes and was relatively short in some
patients, particularly among tsDMARD users. Given the long la-
tency of many malignancies and the low event counts for several
site-specific cancers and rare safety outcomes, some estimates
were imprecise with wide CIs, especially in subgroup/3rd LOT
analyses. The absence of clear differences in several outcomes,
particularly malignancy, should not be interpreted as evidence
of equivalent risk. Further studies with longer follow-up are war-
ranted. Finally, because the NDB mainly represents Japanese
insured populations under the Japanese healthcare and insur-
ance system during 2013-2021, generalizability to populations
outside Japan may be limited, particularly given differences in
background infection risks, such as herpes zoster and nontuber-
culous mycobacterial infection.

In conclusion, in this nationwide Japanese real-world RA co-
hort, no increased risk of malignancy or PCP was observed with
tsDMARDs compared with bDMARDs at 2nd and 3rd LOTs,
whereas the risk of HZ was higher with tsDMARDs. An in-
creased VTE risk was not evident. Given the limitations in fol-
low-up duration and event accrual, particularly for malignancy,
individualized risk assessment and shared decision-making re-
main warranted when initiating tsDMARDs.
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Dear Editor,

We read with interest the study by Wang and colleagues exam-
ining resting-state functional connectivity alterations of the
anterior cingulate cortex (ACC) and its subdivisions in patients
with fibromyalgia [1]. The focus on dorsal ACC subregional
specificity and its association with pain and affective symptoms
addresses an important mechanistic gap in the neurobiology of
fibromyalgia and offers a refined network-based perspective on
central sensitization.

A key consideration relates to the operationalization of func-
tional connectivity findings as putative markers of pain-emo-
tion integration. While statistically significant rsFC differences
were demonstrated between dorsal ACC subregions and limbic
structures, the clinical interpretability of these effect sizes war-
rants further scrutiny. The reported correlations with symptom
scales, although directionally consistent, remain modest and
cross-sectional, raising questions about whether the observed
connectivity alterations reflect primary drivers of symptom
severity or secondary network adaptations to persistent pain.
Without anchoring these associations to clinically meaningful
thresholds—such as minimal clinically important differences
for WPI, FIQ, or SDS—translation into patient-relevant stratifi-
cation or prognostication remains uncertain. Future work may

benefit from embedding connectivity metrics within multivari-
able clinical models to evaluate their incremental explanatory
value beyond established symptom measures.

The reliance on seed-based rsFC using predefined ACC subre-
gions also introduces conceptual constraints. While atlas-driven
parcellation enhances reproducibility, it may insufficiently
capture individual-level functional heterogeneity, particu-
larly in disorders characterized by network-level plasticity [2].
Interindividual variability in ACC functional boundaries could
lead to partial averaging of distinct neural phenotypes within
fibromyalgia, potentially attenuating subgroup-specific effects
[3]. Complementary data-driven approaches, such as indepen-
dent component analysis or subject-specific parcellation, may
help determine whether the reported supACC- and aMCC-
centered networks represent stable disease-related circuits or
context-dependent configurations.

Another aspect concerns the asymmetry of findings predomi-
nantly involving left-sided ACC-limbic connectivity. The later-
alization of affective and nociceptive processing is biologically
plausible [4]; however, its robustness remains unclear without
explicit hemispheric interaction analyses. Given prior evidence
of bilateral and sex-dependent ACC involvement in chronic pain
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syndromes, systematic testing of lateralized effects and their
behavioral correlates may refine interpretation and improve ex-
ternal validity across heterogeneous fibromyalgia populations.

The interpretation of enhanced connectivity as maladaptive
hypercoupling also merits cautious framing. Increased rsFC
does not uniformly imply pathological overactivation and may,
in some contexts, represent compensatory engagement of cog-
nitive-affective control circuits [5]. Distinguishing maladap-
tive sensitization from adaptive regulation would benefit from
integration with task-based fMRI paradigms probing cognitive
control, emotion regulation, or pain modulation, thereby linking
intrinsic connectivity states to functional capacity rather than
symptom burden alone.

Finally, the study's implications for neuromodulatory interven-
tions, such as rTMS targeting ACC subregions, are conceptually
appealing but remain inferential. Network-informed stimulation
strategies would require demonstration that modulation of the
identified circuits produces predictable and durable changes in
both connectivity patterns and clinically meaningful outcomes
[6]. Prospective mechanistic trials incorporating pre—post con-
nectivity assessments could help bridge this translational gap.

In summary, this work provides valuable subregional insight
into ACC-limbic network alterations in fibromyalgia and ad-
vances the discussion of affective-nociceptive integration at a
systems level. Addressing the clinical anchoring, individual
variability, and functional interpretation of these connectivity
findings may further enhance their relevance for precision neu-
robiological models and targeted interventions in fibromyalgia.
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Dear Editor,

Gouty arthritis (GA) is a chronic immune-metabolic disease
characterized by recurrent flares and progressive joint dam-
age [1]. Sustained serum urate control during the intercritical
period is central to relapse prevention [2]. Although febuxostat
is effective for urate lowering [3], its long-term use may be lim-
ited by adverse effects and recurrence after discontinuation.
Yinlian Tongfeng (YLTF) granules, a Traditional Chinese
Medicine formulation composed of Artemisia capillaris Thunb.
(Yinchenhao), Glechoma longituba (Nakai) Kupr. (Liangiancao),
and Lycopodium japonicum Thunb. (Shenjincao), have shown
favorable efficacy and tolerability in prior studies [4]. However,
their optimal role across different degrees of hyperuricemia re-
mains unclear. We therefore conducted a stratified randomized
clinical trial to evaluate the efficacy and safety of YLTF in inter-
critical GA.

This single-center, assessor-blinded, randomized controlled
trial (ITMCTR2025001026) enrolled 220 patients with intercriti-
cal GA (recruited from the outpatient clinic of Yueyang Hospital
of Integrated Traditional Chinese and Western Medicine,
Shanghai University of Traditional Chinese Medicine) who
met the 2015 American College of Rheumatology/European
League Against Rheumatism (ACR/EULAR) classification
criteria [5] for gout and a serum uric acid level >420umol/L,
and who had no acute flare within the preceding month, no
other inflammatory arthritides, and no severe hepatic or renal
impairment. Participants were stratified by baseline blood uric
acid (BUA) into a mild subgroup (<480 umol/L, n=380) [6] and

a moderate-to-severe subgroup (>480umol/L, n=140). Within
each stratum, patients were randomized 1:1 using block random-
ization to receive YLTF monotherapy versus febuxostat 20 mg
daily (mild subgroup), or YLTF combined with febuxostat 40 mg
daily versus febuxostat 40mg daily alone (moderate-to-severe
subgroup). The primary outcome was the relapse rate at week 12
of treatment. Response rate and changes in BUA levels after the
12-week treatment period were also recorded, as well as relapse
status at follow-up weeks 12 and 24 (off treatment). BUA levels
were monitored before and after the 12-week treatment cycle.
Lipid profiles, hepatic and renal function, electrocardiogram
findings, and other adverse reactions were assessed as safety
outcomes. The study was approved by the Ethics Committee
of Yueyang Hospital of Integrated Traditional Chinese and
Western Medicine, Shanghai University of Traditional Chinese
Medicine (Approval No. 2025-085). Statistical analyses were
performed using SPSS version 27.0 and R (4.4.1). For descrip-
tive statistics, qualitative data were presented as frequencies
and percentages, and quantitative data as mean + SD or median
(range). Group comparisons used t-tests (with Satterthwaite
correction for unequal variances) or Wilcoxon rank-sum tests
for continuous variables, and chi-square or Fisher's exact tests
for categorical variables; repeated measures were analyzed by
ANOVA. All tests were two-sided and p <0.05 was considered
statistically significant.

Baseline characteristics, including sex ratio, age, and dis-
ease duration, did not differ significantly between the mild
and moderate-to-severe subgroups (p>0.05). In the mild

Mengji Xie, Xiaojie Ding and Xiangfei Zhai contributed equally to this work.

Trial Registration: This protocol was registered with the International Clinical Trial Registry Platform for Traditional Medicine (ITMCTR2025001026).
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FIGURE 1 |

Efficacy outcomes stratified by baseline uric acid level. (A) Relapse rate at week 12 in the mild hyperuricemia subgroup (BUA

<480umol/L). (B) Relapse characteristics during follow-up in the mild subgroup. (C) Response rate based on symptom improvement in the mild sub-
group. (D) Change in blood uric acid (BUA) after the 12-week treatment in the mild subgroup. (E) Relapse rate at week 12 in the moderate-to-severe
hyperuricemia subgroup (BUA >480umol/L). (F) Relapse characteristics during follow-up in the moderate-to-severe subgroup. (G) Response rate

based on symptom improvement in the moderate-to-severe subgroup. (H) Change in BUA after the 12-week treatment in the moderate-to-severe
subgroup. Data are presented as mean + SD or percentage. *p <0.05, **p <0.01, ***p <0.001; ns, not significant.

TABLE 1 | Baseline characteristics and adverse events.

Mild Hyperuricemia Group

Moderate to severe Hyperuricemia

(BUA <480 umol/L) Group (BUA >480 umol/L)
Febuxostat Febuxostat
YL (n=40) 20mg (n=40) YL + Febuxostat (n=70) 40mg (n=70)
Baseline characteristics
Male (%) 82.5% 82.5% 80% 78.75%
Age (years, Mean + SD) 58.53+2.23 59.43+2.13 57.80+1.68 55.36 £1.54
Disease duration (months) 62.35+10.75 66.50+£8.22 63.27+4.99 60.41+4.31
Adverse events (AV)

Cardiovascular disease 0 0 0 0
Arrhythmia 0 0 0 1(1.43)
Angina pectoris 0 0 0 0
Myocardial infarction 0 0 0 0
Cerebral infarction 0 0 0 0
Stroke 0 0 0 0
Dyslipidemia 0 0 0 0
Abnormal blood pressure 0 0 0 0
Abnormal blood glucose 0 0 0 0
Hepatic dysfunction 0 0 2(2.86) 6(8.57)
Renal dysfunction 0 0 0 0
Lower limb edema 0 0 0 0
Dizziness 0 0 0 0
Gastrointestinal discomfort 0 1(2.50) 2(2.86) 4(5.71)
Rash/Pruritus 0 0 1(1.43) 3(4.29)

Note: Adverse Events: Data are from the treatment and follow-up period.
Abbreviation: YL, Yinlian Tongfeng Granules.

hyperuricemia subgroup, the 12-week relapse rate was sig-
nificantly lower with YLTF monotherapy than with febux-
ostat 20mg (7.5% vs 32.5%, p<0.05) (Figure 1A). During the
4-6month follow-up period, patients receiving YLTF experi-
enced fewer mean relapses (2.00 vs 2.95, p <0.05), shorter flare
duration (4.15 vs 8.15days, p<0.001), and lower symptom se-
verity and visual analog scale scores (p <0.001 and p <0.05, re-
spectively) (Figure 1B). The response rate, defined by symptom
improvement, was 90.00% in the YLTF group versus 82.50% in
the febuxostat group (p<0.05) (Figure 1C). YLTF monother-
apy achieved urate-lowering efficacy comparable to febuxostat
20mg, with no significant between-group difference in BUA

reduction (p>0.05) (Figure 1D). In the moderate-to-severe hy-
peruricemia subgroup, YLTF-febuxostat combination therapy
was associated with a lower 12-week relapse rate than febuxostat
40 mg monotherapy (17.1% vs 31.4%, p<0.05) (Figure 1E). The
combination group also demonstrated fewer relapses, shorter
flare duration, and reduced symptom severity and pain scores
throughout the treatment and follow-up periods (all p<0.05)
(Figure 1F). The response rate, based on symptom improve-
ment, was significantly higher with combination therapy than
with monotherapy (90.00% vs 75.71%, p <0.05) (Figure 1G). In
addition, BUA reduction was greater in the combination group
(p<0.001) (Figure 1H).
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Yinlian Tongfeng-containing regimens were well tolerated,
with no serious adverse events or major cardiovascular events
reported. In the mild subgroup, no adverse events occurred
with YLTF monotherapy. In the moderate-to-severe subgroup,
YLTF-febuxostat combination was associated with a lower in-
cidence of hepatic dysfunction (2.86% vs 8.57%) and gastroin-
testinal discomfort (2.86% vs 5.71%) compared with febuxostat
monotherapy (Table 1). Furthermore, groups receiving YLTF
exhibited lower triglyceride levels and higher high-density li-
poprotein cholesterol compared with those not receiving YLTF
(p<0.001).

Our findings revealed comparable urate-lowering efficacy be-
tween YLTF monotherapy and febuxostat in the <480umol/L
subgroup, with superior recurrence prevention by YLTF. For
patients with BUA > 480 umol/L, YLTF-febuxostat combination
therapy demonstrated enhanced BUA reduction and greater re-
lapse prevention compared with febuxostat alone. These results
underscore the clinical value of BUA-stratified management in
intercritical GA.

This study clarifies the clinical positioning of YLTF granules
in gout management. First, YLTF may serve as an alternative
monotherapy for mild hyperuricemia (BUA <480umol/L),
particularly in patients intolerant to conventional urate-
lowering agents or those with hepatic or renal impairment.
Prior studies have reported that Traditional Chinese Medicine
formulations achieve comparable urate reduction with fewer
adverse events than conventional therapy [7, 8]. However, un-
like these reports focusing on acute-phase symptom control
[9, 10], our study specifically addresses the intercritical phase
and introduces a BUA-stratified strategy that positions YLTF
as either monotherapy or an adjunct to febuxostat depending
on baseline uric acid burden, which refines its clinical applica-
tion beyond general anti-inflammatory or urate-lowering ef-
fects [11]. Second, in moderate-to-severe hyperuricemia (BUA
>480umol/L), YLTF acts as an effective adjunct to febux-
ostat, accelerating symptom resolution and enhancing relapse
prevention. This aligns with evidence that staged integrated
Traditional Chinese and Western medicine strategies, specif-
ically YLTF granules during the intercritical phase combined
with conventional urate-lowering and anti-inflammatory ther-
apy, achieve superior clinical response rates compared with
conventional treatment alone (96.81% vs 73.63%, p <0.05) [12].
Third, YLTF may be considered as transitional therapy during
dose reduction or post-treatment maintenance to stabilize
BUA levels and prolong intercritical periods. The importance
of maintaining urate control during treatment de-escalation
is well recognized, as BUA fluctuation is strongly associated
with recurrent flares [13]. Notably, YLTF-containing regimens
were also associated with improved lipid profiles, specifically
lower triglyceride levels and elevated high-density lipopro-
tein cholesterol (p<0.001). This observation is biologically
plausible, as prior studies have demonstrated that Artemisia
capillaris and Glechoma longituba, the principal constituents
of YLTF, possess lipid-regulating properties [14, 15]. These
findings underscore the substantial clinical value of YLTF
in the management of gouty arthritis. Driven by an unmet
clinical need, namely the lack of safe and effective relapse-
preventive agents during the intercritical phase of GA, this
study proposes a novel BUA-stratified therapeutic strategy

and validates its efficacy through a randomized controlled
trial. As a key Traditional Chinese Medicine formulation for
intercritical intervention, YLTF holds considerable promise
for further translational development [16].

Several limitations should be acknowledged. The single-center,
small-sample cohort design may carry a certain risk of bias in
patient enrollment. The short duration of both the intervention
and follow-up periods has resulted in limited data on the long-
term efficacy and potential adverse effects of YLTF granules.

In summary, this study supports a BUA-stratified manage-
ment strategy for intercritical gouty arthritis, positioning YLTF
granules as monotherapy for mild hyperuricemia and as a syn-
ergistic adjunct for moderate-to-severe disease, with validated
efficacy in reducing relapse. These findings highlight the poten-
tial of YLTF to improve long-term outcomes in hyperuricemia
management.
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Dear Editor,

Palindromic rheumatism (PR) is an acute arthritis lasting from
a few hours to days, followed by recurrent attacks at intervals
of several days to months. In adults, some cases of PR progress
to rheumatoid arthritis (RA) [1, 2]; however, reports in children
are rare, and the pediatric incidence is unclear. We report a pe-
diatric case of PR that preceded anti-cyclic citrullinated peptide
(CCP) antibody-positive polyarticular juvenile idiopathic arthri-
tis (JTA).

A 14-year-old girl presented with an 8-month history of recurrent
painful swelling of her shoulders, wrists, and small hand joints,
occurring approximately weekly and resolving spontaneously
within 1 to 2days. At the time of presentation, several areas of
the body were swollen, and the pain intensity had increased;
therefore, the patient sought care locally and was referred to our
hospital for admission. She had no significant prior or family
history of RA. The patient weighed 51kg. Physical examination
revealed swelling and tenderness in the bilateral shoulders, right
elbow, bilateral wrist, bilateral second to fifth metacarpophalan-
geal (MCP) joints, and bilateral third proximal interphalangeal
(PIP) joints. There was no noted skin or ophthalmologic in-
volvement. Laboratory results revealed the following: C-reactive
protein (CRP): 2.03 mg/dL; matrix metallopeptidase 3 (MMP-3):
159ng/mL; rheumatoid factor (RF): 14.3TU/L (reference range:
<14.01U/L) and remained positive when retested 3 months later
(16.81U/L); and anti-CCP antibody: 604U/mL. HLA-B27 was
negative. Reactive arthritis and infection-associated arthritis
were considered less likely because there was no preceding gas-
trointestinal or genitourinary infection, and bacterial cultures of
the throat, stool, and urine were negative. Serological testing did

not indicate acute Epstein—-Barr virus or cytomegalovirus infec-
tion, and the T-SPOT.TB test was negative. Contrast-enhanced,
fat-suppressed, T1-weighted magnetic resonance imaging of the
right shoulder showed synovial hypertrophy, joint effusion, and
contrast enhancement, suggesting active synovitis (Figure 1).
Two days after admission, the swelling and pain in all joints
resolved, and the patient was discharged. However, after dis-
charge, swelling and pain, which had improved within 2days,
began to recur in various joints. Ultrasonography and magnetic
resonance imaging were not performed during the intercritical
periods. Arthritis in each joint improved within 1 or 2days, but
at the time of the patient's visit, arthritis had developed in one of
the joints, and CRP had not yet become negative. The episodes
leading up to referral to our hospital were characterized by cycli-
cal paroxysmal joint symptoms, and subjective symptoms fully
resolved during the intercritical periods. As clinical findings of
arthritis had completely resolved between attacks, we consid-
ered a diagnosis of PR. Genetic testing revealed a MEFV variant
L110P-E148Q heterozygous mutation. Naproxen was initiated
but was ineffective. Although the arthritis did not persist, it ap-
peared and disappeared repeatedly, and the interval between
episodes became shorter. Because anti-CCP antibody levels
were elevated, the onset of polyarticular JIA was suspected.
Methotrexate (MTX) at 8 mg/week was initiated (Figure 2),
but no improvement was observed. The dose was increased to
12mg/week, and prednisolone was administered at 15mg/day
(0.3mg/kg/day), then tapered to 10 mg/day (0.2 mg/kg/day) and
5mg/day (0.1 mg/kg/day). Thereafter, the interval between epi-
sodes in each joint shortened, and neither MTX nor 15mg/day
PSL was deemed effective. Hydroxychloroquine and colchi-
cine, which have been reported to be effective in PR, were also
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FIGURE 1 | Right shoulder magnetic resonance imaging. Right shoulder contrast-enhanced, fat-suppressed, T1-weighted magnetic resonance

imaging revealing synovial hypertrophy, joint effusion, and contrast enhancement, suggesting active synovitis (white arrow). (A) Coronal; (B) Axial.
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FIGURE 2 | Clinical course. Naproxen, methotrexate, and prednisolone did not improve the patient’s periodic arthritis. Abatacept treatment im-

proved the periodic and subsequently persistent arthritis symptoms in the right shoulder, left wrist, and left third MCP joints, and the CRP and MMP-

3 levels, as shown. ABT, abatacept; CRP, C-reactive protein; MCP, metacarpophalangeal; MMP-3, matrix metallopeptidase-3; MTX, methotrexate;

PSL, prednisolone; S.C., subcutaneous injection.

considered treatment options. However, the patient was anti-
CCP antibody-positive and at high risk of developing JIA. The
intervals between periodic attacks of arthritis gradually short-
ened (from every 2weeks to every 3days), and serum markers
such as CRP and MMP-3 did not become negative, suggesting
progression from PR to JTA. Thus, additional treatment with bi-
ologic agents was initiated. The patient prioritized safety when
selecting medication and preferred abatacept over adalimumab
and tocilizumab. She was RF- and CCP-positive and was thus at
high risk for developing JIA. We also referred to a study on the
effectiveness of abatacept in CCP-positive pre-clinical RA [3],
although this study was conducted in adults, rather than in chil-
dren. At the time of selecting abatacept, we were unaware of the
existence of clinical trials evaluating abatacept for seropositive
PR. Taking these factors into consideration, we chose abatacept
after consultation with the patient and her guardian. After dis-
continuing PSL and initiating abatacept, the periodic attacks of
arthritis resolved; however, 3weeks after starting abatacept, ar-
thritis in the right shoulder, left wrist, and left third MCP joints

persisted. Subsequently, arthritis of the left third MCP, right
third MCP, and PIP joint also developed. The arthritis improved
16 weeks after starting abatacept, as did serological biomarkers
such as CRP and MMP-3. Arthritis in more than five joints per-
sisted for more than 6 weeks, and RF remained positive from the
first visit up to 3 months, and anti-CCP antibodies also remained
consistently positive. Therefore, the patient was diagnosed with
RF-positive polyarticular JIA.

Adults with PR have positive RF and anti-CCP antibody rates of
approximately 30%-60% [1, 2, 4-6]. Studies have shown that pa-
tients with positive RF and anti-CCP antibodies are more likely
to exhibit disease progression to RA [1, 2, 4, 5]. There are few
reports on progression to JIA in children. One case series exam-
ining the clinical course of 10 pediatric patients diagnosed with
PR found that 3/10 patients experienced long-term remission,
6/10 experienced episodic attacks, and 1/10 progressed to JIA
[7]. In addition, the RF was positive in 2/9 cases; however, the
RF levels of the patient who developed JIA were not recorded.
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PR in children is rare, and it is unclear whether RF-positive PR,
like in adults, is at high risk for progression to JIA, and further
investigation is needed.

RA is an autoimmune disease, whereas PR is an autoinflamma-
tory condition. A study on the MEFV gene in 65 patients with PR
in Spain found that 12.3% (8/65) had MEFV gene mutations [8].
MEFV mutations were more common in anti-CCP-negative than
in anti-CCP-positive cases (22.2% vs. 5.3%, p=0.058), suggesting
that anti-CCP-negative PR may have an autoinflammatory com-
ponent. There has been one report of a pediatric patient with PR
progressing to JIA in Japan [9]. This patient had negative RF and
anti-CCP, but genetic testing revealed an MEFV variant L110P-
E148Q heterozygous mutation. Our patient also exhibited an
MEFYV variant L110P-E148Q heterozygous mutation. Although
our patient did not receive colchicine, the other patient report-
edly did not respond to colchicine [9]. In this case, both RF and
anti-CCP antibody were positive, and abatacept was effective;
therefore, the MEFV variant in our case was considered to have
limited pathological significance, and the disease process was
thought to have minimal autoinflammatory involvement. The
clinical significance of MEFV in the pathogenesis of PR remains
uncertain, and further investigation is needed into the role of
autoinflammatory components.

There is no standard management for PR; however, various treat-
ments have been investigated. Non-steroidal anti-inflammatory
drugs have been effective in 68% of patients, although they were
not effective for our patient [10]. Because PR is thought to be
an autoinflammatory disease with a periodic nature, colchicine
may be effective [11]. Hydroxychloroquine has also been demon-
strated to treat PR and prevent the progression of PR to RA
[12, 13]. MTX has been administered to patients with PR who
experienced an inadequate benefit from hydroxychloroquine
[14], but MTX was ineffective for our patient. There are no data
demonstrating the efficacy of tumor necrosis factor, interleu-
kin-6, or Janus kinase inhibitors for PR, all of which have been
effective against RA and JTA. Rituximab has been effective in
controlling periodic attacks in conventional synthetic disease-
modifying antirheumatic drug (csDMARD)-refractory PR [15].

In an ongoing multicenter randomized trial for patients with
seropositive PR, abatacept is reported to be effective for the clin-
ical remission of PR and the prevention of progression to RA
compared with hydroxychloroquine [16]. We were unaware of
the existence of this clinical trial when selecting abatacept, but
the periodic attacks disappeared after abatacept was started,
suggesting that it may have been effective in treating the peri-
odic arthritis attacks of seropositive PR in this pediatric case. To
our knowledge, this is the first case report to demonstrate these
results, and further investigation of the utility of abatacept in
pediatric patients with PR is required.

A limitation of this case report is the lack of laboratory findings
in intermittent periods, which are important in diagnosing PR.
To diagnose PR, it is important to confirm that not only clinical
findings but also imaging findings, such as blood tests, ultra-
sonography, and magnetic resonance imaging, are improving
during the intermittent period. However, in this case, only the
disappearance of clinical arthritis was confirmed, so we consid-
ered it appropriate to diagnose this case as PR.
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Dear Editor,

We read with great interest the original article by Haroon et al.,
reporting a 70.9% lower rate of acute anterior uveitis (AAU)
flares in certolizumab pegol (CZP)-treated patients from the
C-VIEW study compared with those receiving standard non-
biologic care, using an overlap-weighting propensity score ap-
proach [1]. The study addresses a genuine evidence gap—direct
comparative data for monoclonal tumor necrosis factor inhibi-
tors (TNFi) versus non-biologic treatment for AAU prevention
in axial spondyloarthritis (axSpA) have been largely absent [2].
However, three interpretive concerns temper the clinical trans-
lation of these findings.

The analysis employs overlap weighting (OW), which esti-
mates the Average Treatment Effect for the Overlap popula-
tion (ATO)—the treatment effect in patients at genuine clinical
equipoise for whom either CZP or non-biologic care would be
equally appropriate [3]. This is a methodologically defensible
choice, but the ATO is a narrower estimand than the Average
Treatment Effect (ATE), and the two are not interchangeable.
The authors report a sensitivity analysis incorporating six addi-
tional covariates, but this re-applies the same overlap-weighting
design and therefore yields a re-specified ATO rather than an
average treatment effect. No subgroup or stratified analysis by
disease activity, sex, age, or radiographic status is presented,
and the only unweighted estimate available is the pre-weighting
comparison, which remains confounded by the very baseline
imbalances that weighting was applied to correct. Readers are

therefore left with no basis on which to infer effect sizes for
patients outside the overlap population. The reported effective
sample size—38 for the comparator and 66 for the CZP group,
against 162 patients analyzed—indicates how substantially nar-
rower the overlap population is than the enrolled cohort. This
distinction matters clinically: most patients with high disease
activity (ASDAS >2.1), recurrent AAU, and prior NSAID fail-
ure are already designated biologic candidates and are not at
genuine equipoise. Extrapolating the reported rate ratio of 0.29
(95% CI: 0.18-0.47) to the broader high-risk population conflates
these distinct estimands, with direct implications for how this
effect size should inform guideline interpretation.

A second concern relates to flare ascertainment. In C-VIEW,
AAU episodes were captured prospectively, with scheduled oph-
thalmological assessments throughout a 96-week follow-up [2].
Comparator patients from the UCSF and UHN registries were
identified retrospectively, where flares would be recorded only
upon clinical presentation. Mild or rapidly self-resolving epi-
sodes managed by a community ophthalmologist outside the
rheumatology registry would go unrecorded in the comparator
arm. This constitutes differential outcome misclassification:
flare ascertainment is systematically less complete in the com-
parator arm than in the trial arm, and the misclassification is
non-random with respect to treatment allocation. The direction
of this bias is not neutral—it inflates the observed treatment
effect. The 70.9% relative reduction should therefore be inter-
preted as a probable upper-bound estimate, rather than a stable
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treatment effect generalisable to routine care settings where
flare capture is similarly inconsistent.

Third, C-VIEW was conducted across five European countries,
and both comparator cohorts are North American. The analysis
provides no data on HLA-B27-positive axSpA in South or East
Asian populations—precisely the populations that this journal
primarily serves. Pooled data across 143 studies have shown
geographical area to be independently associated with the prev-
alence of extra-articular manifestations in ankylosing spondy-
litis, supporting the concern that findings from European and
North American cohorts may not transfer directly [4]. Whether
the magnitude of benefit observed here is reproducible in Asian
cohorts therefore remains unknown [5, 6]. To our knowledge, no
prospective trial or registry study evaluating TNFi therapy for
AAU prevention in an Asian axSpA population has been regis-
tered or published to date; this absence, rather than any contrary
evidence, is the basis for our call for regionally representative
data. Beyond epidemiological considerations, CZP is not widely
accessible across South and Southeast Asia owing to cost and
the limited availability of biosimilar certolizumab pegol. Future
studies should explicitly enroll Asian populations and report
cost-effectiveness data alongside efficacy outcomes.

Nevertheless, Haroon et al. address an important comparative
gap in the AAU evidence base. The choice of OW over inverse
probability of treatment weighting is appropriate for structurally
disparate cohorts, and the consistency between the primary and
sensitivity analyses strengthens confidence in the direction of
effect.

In summary, the ATO estimand constrains generalisability to
patients at genuine clinical equipoise; differential outcome mis-
classification between a prospective trial and retrospective reg-
istries likely inflates the observed effect size; and the evidence
base currently offers no applicability data for Asia-Pacific popu-
lations. Prospective, registry-based studies in ethnically diverse
cohorts—with standardized ophthalmological outcome ascer-
tainment—represent the logical next step.
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Dear Editor,

A 40-year-old woman was admitted in July 2025 with a 3-month
history of progressive neck and left hip pain. The pain was per-
sistent, nocturnally aggravated, and unrelated to physical activ-
ity or positional changes. She denied fever, weight loss, recent
trauma, livestock exposure, unpasteurized dairy intake, palmo-
plantar pustulosis, acne vulgaris, or psoriasis.

The patient had been diagnosed with systemic lupus erythemato-
sus (SLE) 17 years earlier, with previous manifestations including
cutaneous lupus, lupus nephritis, and Guillain-Barré syndrome.
Both renal and neurological involvement responded well to ini-
tial glucocorticoids and hydroxychloroquine and remained in
sustained remission; renal biopsy was never performed. Prior
to maintenance therapy with low-dose prednisone (5mg/day)
and hydroxychloroquine (0.2g/day), the patient experienced
SLE flares limited to cutaneous involvement and received aza-
thioprine and thalidomide accordingly. Importantly, the patient
had no prior symptoms involving bones, tendons, or joints. On
admission, her SLE Disease Activity Index 2000 (SLEDAI-2K)
score was 0, indicating quiescent disease.

Laboratory investigations revealed markedly elevated inflam-
matory markers, including an erythrocyte sedimentation rate
(ESR) of 120mm/h and a C-reactive protein (CRP) concentra-
tion of 34.2mg/L. Peripheral blood counts were largely normal.
Autoimmune serology revealed a speckled antinuclear anti-
body pattern (1:100) and mildly elevated anti-{,-glycoprotein I

antibodies (29.97 RU/mL; normal range: <20 RU/mL), while
anticardiolipin antibodies and lupus anticoagulant were neg-
ative; anti-double-stranded DNA antibodies and complement
levels remained within normal ranges. To rigorously exclude
antiphospholipid syndrome (APS), a repeat serological assay
was performed 12weeks later (October 2025), at which time the
anti-B,-glycoprotein I antibodies titer had returned to the normal
range (15.1 RU/mL), thus failing to fulfill the 2023 ACR/EULAR
APS classification criteria.

Magnetic resonance imaging demonstrated multifocal abnormal
marrow signals involving the bilateral proximal femora, sacrum,
cervical spine, and thoracic vertebrae (Figure 1A). F-FDG
PET/CT demonstrated extensive hypermetabolic bone lesions
in the sternum, clavicle, sacrum, spine, and proximal femora
(Figure 1B), raising concern for hematologic malignancy or met-
astatic disease.

A comprehensive infectious work-up, including T-
SPOT.TB, Brucella serology, fungal biomarkers (galactomannan,
1,3-B-D-glucan, cryptococcal antigen), and nucleic acid testing
for Epstein-Barr virus and cytomegalovirus, was negative. Bone
marrow aspiration, lymphocyte immunophenotyping, and re-
peated histopathological examinations excluded lymphoma, leu-
kemia, and metastatic malignancy. Sternal biopsy demonstrated
sterile chronic inflammatory infiltrate, fibrous hyperplasia, and
necrotic bone, without evidence of malignancy or infection
(Figure 1C).
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FIGURE1 | (A)lJuly 2025 T2-weighted fat-saturated (STIR) MRI shows bone marrow edema and osteolysis involving the bilateral proximal fem-

ora, sacrum, cervical spine, and thoracic vertebrae (arrows). (B) July 2025 PET-CT shows multifocal radiotracer uptake within the cervical spine, left

proximal clavicle, manubrium sterni, thoracic vertebrae, sacrum, and bilateral proximal femora (arrows). (C) August 2025 sternal biopsy histopathol-

ogy: Necrotic bone with fibrous hyperplasia and lymphocytic infiltration (H&E staining, X200, scale bar=50um). (D) January 2026 bone-window

CT shows osteosclerosis accompanied by bone destruction in the left proximal clavicle, manubrium sterni, and T11 pedicle (arrows).

No anterior chest wall hyperostosis, a classic SAPHO-spectrum
imaging feature, was observed on serial multimodal imaging.
Serial multimodal imaging captured the characteristic evolu-
tion of lesions from bone marrow edema and osteolysis to os-
teosclerosis and structural destruction (Figure 1D), ultimately
supporting the diagnosis of chronic nonbacterial osteitis (CNO).
The diagnosis of CNO was formally established in accordance
with the 2025 expert consensus recommendations [1], based on:
(i) histopathologically confirmed sterile bone inflammation; (ii)
multifocal skeletal involvement (anterior chest wall, spine, sa-
crum, proximal femurs); (iii) imaging evolution from marrow
edema/osteolysis to osteosclerosis/destruction; and (iv) thor-
ough exclusion of infection and malignancy.

The patient received sequential lines of treatment, accompanied
by dynamic changes in inflammatory biomarkers and subjective
pain intensity. The trends of ESR, CRP, and visual analogue scale
(VAS) pain score across different therapeutic phases are sum-
marized in Figure 2. She initially responded poorly to antibiotics

(Moxifloxacin, Clindamycin), nonsteroidal anti-inflammatory
drugs (NSAIDs), glucocorticoids, and iguratimod. Subsequently,
tofacitinib (5mg twice daily) was added to low-dose prednisone
(10mg/day) and NSAIDs for 3months, but failed to alleviate bone
pain, and inflammatory markers rose further. Whole-exome se-
quencing identified three heterozygous variants in the proband:
MEFV E148Q, CFHRS5, and CFTR. Sanger segregation analy-
sis revealed that the mother carried heterozygous variants in all
three genes, whereas the father carried a homozygous MEFV
E148Q variant and tested negative for CFHR5 and CFTR vari-
ants. Because of progressive vertebral destruction and persistent
inflammatory activity, therapy was escalated to high-dose pred-
nisone (1.5mg/kg/day) combined with adalimumab (40mg once
weekly) and methotrexate (10 mg once weekly), resulting in partial
improvement. However, upon tapering prednisone to 15mg/day,
bone pain recurred and inflammatory markers increased; adali-
mumab 40 mg weekly was unable to maintain pain relief beyond
1week. Consequently, zoledronic acid was added per the 2025
adult CNO consensus for its systemic dual anti-resorptive and
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FIGURE 2 | Serial inflammatory biomarkers (ESR, CRP) and VAS pain scores across five sequential therapeutic stages: (1) Glucocorticoids
(GC)+NSAIDs + antibiotics (ABX); (2) NSAIDs + iguratimod (IGU); (3) NSAIDs + tofacitinib (TOFA); (4) GC + adalimumab (ADA) + methotrexate
(MTX); (5) GC+infliximab (IFX)+MTX+ zoledronic acid (ZOL). ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; VAS, visual ana-

logue scale.

anti-inflammatory effects on multifocal skeletal lesions; pred-
nisone was increased to 0.5mg/kg/day, and adalimumab was
switched to infliximab. Following therapy optimization, the pa-
tient achieved 3months of sustained remission with complete
pain control, with final inflammatory markers (ESR 13mm/h,
CRP 3.4mg/L) returning to normal on maintenance prednisone
5mg/day. No follow-up imaging was performed during this pe-
riod, as clinical and laboratory remission was achieved.

CNO, a rare autoinflammatory bone disorder marked by sterile os-
teomyelitis, recurrent bone pain and radiologically evident inflam-
matory bone destruction [1, 2], arises mainly from innate immune
activation via inflammasome signaling and proinflammatory cyto-
kines including interleukin (IL)-1, IL-6, and tumor necrosis factor
(TNF)- a [3]. Although SLE is classically regarded as an adaptive
immune-mediated disorder, emerging studies reveal extensive
crosstalk between adaptive and innate immune cascades in lupus
pathogenesis. Type I interferon (IFN) signaling and inflammasome
activity are particularly involved in this interplay [4, 5]. This case
illustrates that concomitant SLE and CNO supports the concept of
an overlapping autoimmune-autoinflammatory disease spectrum.

Of particular interest was the heterozygous MEFV E148Q variant.
E148Q is a low-penetrance, gain-of-function polymorphism rather
than a monogenic mutation. Its carrier rate reaches up to 45.61%
in the Chinese Han population, whereas classical high-penetrance
MEFV mutations are extremely rare [6]. Functional studies show
that E148Q potentiates pyrin inflammasome formation and
in vitro IL-18 and IL-18 secretion [7]. This may partially explain
why our patient did not present typical familial Mediterranean
fever (FMF) manifestations while still possessing a lowered in-
flammasome activation threshold. Notably, MEFV mutations have
been associated with earlier onset, more extensive bone lesions,
and higher inflammatory burden in CNO cohorts [8]. In lupus
models, E148Q may downregulate anti-double-stranded DNA
antibody production, reduce memory B cells, and attenuate renal

pathology [9]. We speculate that this immunological skewing to-
ward innate immunity may simultaneously attenuate adaptive
autoimmune features of SLE while increasing susceptibility to
localized, innate-mediated bone tissue destruction, such as CNO.

To explain this phenotype, we hypothesize a two-hit pathogenic
model. In our patient, chronic low-grade innate immune priming
inherent to SLE served as the indispensable “Hit one” (even with
a SLEDAI-2K score of 0). Prolonged Type I IFN exposure primes
monocytes for enhanced inflammasome activation by upregulat-
ing the baseline expression of pyrin and its molecular adaptors
[10], creating a permissive inflammatory background even during
clinical remission. Superimposed on this was “Hit two”, the
E148Q gain-of-function variant that further lowers the pyrin in-
flammasome threshold, yielding a hyper-responsive state. In this
context, subclinical stimuli, such as mechanical stress at skeletal
entheses, may trigger overproduction of IL-1f and IL-18, which
could ultimately induce sterile osteitis in this patient.

Differentiating CNO from osteonecrosis is critical in SLE. Long-
term glucocorticoid therapy and antiphospholipid antibody raise
the risk of osteonecrosis [11, 12], which typically appears as well-
demarcated epiphyseal/diaphyseal lesions with serpiginous T1-
hypointense rims and a T2 double-line sign [13, 14]. Extensive
sternal, clavicular, and axial involvement is highly atypical for os-
teonecrosis [15, 16]. In our case, multifocal ill-defined bone lesions
were distributed across the axial skeleton and bilateral proximal
femora, with none of the typical osteonecrosis imaging signs iden-
tified on MRI (Figure 1A). The proximal femora showed mixed
iso- to slightly hyperintense TIWI signals and heterogeneous
T2WTI signals, whereas vertebral appendages and sacrum pre-
sented diffuse patchy hyperintensity on fat-saturated T2ZWI. The
patient only had transient low-titer anti-{3,-glycoprotein I antibod-
ies without persistent seropositivity to predispose osteonecrosis,
and serial imaging demonstrated the characteristic inflammatory-
to-sclerotic transition of CNO. Sternal histology confirmed sterile
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inflammation. Exhaustive work-up excluded infection and malig-
nancy, confirming the diagnosis of CNO.

SAPHO syndrome lies within the CNO disease spectrum. The
patient had no cutaneous SAPHO manifestations (palmoplantar
pustulosis, acne, psoriasis), and serial imaging excluded anterior
chest wall hyperostosis, consistent with isolated CNO.

The therapeutic course is further consistent with a paradigm
of innate-immune dominance. The JAK inhibitor tofacitinib,
a Type I IFN signaling blocker, showed limited efficacy over
3months of treatment, suggesting that established bone lesions
may become less reliant on IFN-mediated inflammation in this
patient. Established sterile osteitis appears autonomously driven
by a local IL-6 and TNF-a feed-forward loop [3]. Accordingly,
TNF-a blockade with infliximab induced substantial and sus-
tained improvement, consistent with current evidence for anti-
TNF therapies in refractory CNO [1, 2]. By interrupting the
terminal TNF-a/RANKL osteoclastogenic axis, infliximab pro-
vided a mechanistic resolution of osteolytic destruction [17, 18].

Single-case design, lack of functional validation for the MEFV
E148Q variant, and limited 3-month follow-up without serial
imaging restrict causal inference between SLE and CNO and
long-term skeletal outcome prediction; the two-hit mechanistic
hypothesis requires further validation.

This case offers a key clinical lesson: in patients with longstand-
ing, quiescent SLE and persistent bone pain and elevated inflam-
matory markers, bone symptoms should not be readily attributed
to lupus flares or glucocorticoid-induced osteonecrosis. After ex-
cluding infection and malignancy, CNO merits high differential
priority. Early whole-body MRI or PET/CT enables timely diag-
nosis and avoids therapeutic delays. Multimodal imaging reliably
distinguishes CNO from SLE-related bone infarction. Clinicians
must recognize autoinflammatory-autoimmune overlap in SLE
to deliver prompt, targeted therapy.
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1 | Introduction

Pulmonary Arterial Hypertension (PAH) is a progressive, life-
threatening condition marked by elevated pulmonary artery
(PA) pressure, right ventricle (RV) failure, and eventual death if
untreated [1, 2]. The pathogenesis of Connective Tissue Diseases
(CTD)-PAH is complex and multifactorial. Inflammatory medi-
ators and oxidative stress drive proliferation of endothelial and
smooth muscle cells, leading to fibrosis and vascular occlu-
sion. Systemic sclerosis (SSc) may cause PAH as well as other
pulmonary hypertension forms, including those secondary to
left heart dysfunction, interstitial lung disease (ILD), or pul-
monary veno-occlusive disease. In SSc-PAH, vascular lesions
are predominantly fibrotic with intimal thickening and venu-
lar involvement, while plexiform lesions are rare. In contrast,
systemic lupus erythematosus (SLE)-PAH shows more inflam-
matory and immune-complex mediated vasculitis resembling
idiopathic PAH. Autoantibodies targeting endothelial, smooth
muscle, and fibroblast antigens contribute to endothelial injury
and vascular remodeling. A persistent challenge in CTD-PAH
management is addressing cases where multiple PAH groups
coexist, complicating diagnosis, treatment selection, and prog-
nosis [3].

2 | Overview of Existing Pulmonary Arterial
Hypertension Therapies: Conventional Therapies

Endothelin receptor antagonists (ERAs), phosphodiesterase
type 5 (PDE5) inhibitors, and prostacyclin analogues had each
formed the cornerstone of PAH management by targeting dis-
tinct yet complementary aspects of its pathophysiology: va-
soconstriction, impaired nitric oxide signaling, and deficient
prostacyclin activity, respectively. ERAs act by antagonizing
endothelin receptors to relieve vasoconstriction and protect
the endothelium from further injury. Meanwhile, PDES5 in-
hibitors restore the nitric oxide-cyclic guanosine monophos-
phate (GMP) axis, which was dysfunctional in PAH, thereby
promoting pulmonary vasodilation. Prostacyclin analogues
(epoprostenol) and prostacyclin receptor agonist (selexipag)
act as potent vasodilators and antiplatelet agents, compensat-
ing for the reduced endogenous prostacyclin in PAH. Besides,
the phase 2 INSIGNIA-PAH trial evaluated the inhaled solu-
ble guanylate cyclase (sGC) stimulator MK-5475. Participants
received placebo or MK-5475 (32ug, 100ug, or 380ug) once
daily for 12weeks. MK-5475 at 100 ug and 380 pg significantly
reduced pulmonary vascular resistance (PVR) (-22.0% and
—19.9% vs. placebo) without meaningful systemic effects such
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as hypotension, suggesting pulmonary-selective vasodila-
tion [4].

3 | Sotatercept: A New Treatment Strategy for
Pulmonary Arterial Hypertension in Patients With
Connective Tissue Diseases

Sotatercept, a novel Fc-fusion protein, presents a promising
treatment option by targeting the transforming growth factor
beta (TGF-f) superfamily, which plays a key role in pulmonary
vascular remodeling [5]. Multiple phase III trials may have es-
tablished the effect and safety of sotatercept as an add-on ther-
apy for PAH, including among patients with CTD-PAH. In the
ZENITH [1] trial, Humbert et al. randomized high-risk PAH pa-
tients already on optimal background therapy to receive sotater-
cept or placebo. Sotatercept significantly reduced the composite
endpoint of death, lung transplantation, or hospitalization by
76%, while also improving overall survival, transplant-free sur-
vival, and WHO functional class. In this trial, 22 patients (25.6%)
in the sotatercept group and 26 (30.2%) in the placebo group had
CTD-PAH, and sotatercept was associated with a lower risk of
adverse outcomes. The STELLAR [6] trial further confirmed
sotatercept's benefits in patients with WHO functional class II
and III PAH; among 163 patients treated with sotatercept and
160 receiving placebo, those in the sotatercept group showed
improved exercise capacity. Of these, 29 (17.8%) in the sotater-
cept group and 19 (11.9%) in the placebo group had CTD-PAH,
with sotatercept significantly enhancing 6-min walk distance
(6MWD). A detailed haemodynamic analysis by Souza et al.
revealed improvements in PA pressure, PA compliance, and
RV-PA coupling, alongside reductions in tricuspid regurgitation
and cardiac workload [7]. In the open-label SOTERIA study [8],
which included 426 patients treated for up to 64weeks (mean
448.6days), sotatercept led to sustained gains in 6MWD and
reductions in N-terminal pro-B-type natriuretic peptide (NT-
proBNP), with 51 patients (19.7%) in the sotatercept group and
16 (11.2%) in the prior-placebo group had CTD-PAH. Although
CTD-PAH subgroup analyses suggested potential clinical bene-
fits of sotatercept, these studies were primarily powered for the
overall PAH population rather than CTD-PAH-specific analy-
ses. Subgroup findings should be interpreted cautiously and re-
quire confirmation in dedicated CTD-PAH studies. As shown
in Table 1, the phase III clinical trials for PAH highlighted the
therapeutic benefits of sotatercept. However, its safety profile
required close monitoring. Humbert et al. reported that the
most common side effects were epistaxis and telangiectasia [1].
Similarly, Hoeper et al. noted additional adverse events, such as
dizziness, increased hemoglobin, thrombocytopenia, and ele-
vated blood pressure [6]. Additionally, Preston et al. found that
epistaxis (22.1%) and telangiectasia (16.9%) were the most com-
monly observed adverse events [8]. Case series of PAH patients
receiving sotatercept reported new or enlarging pericardial
effusions [9, 10]. Pericardial effusions warrant monitoring in
CTD-PAH patients; however, causality remains unproven, and
the overall benefit-risk profile of sotatercept appears favorable.
CTD-PAH patients may require closer monitoring of hemato-
logic parameters, blood pressure, bleeding events, and pericar-
dial complications during sotatercept therapy.

4 | Comparing the Effectiveness of Sotatercept
and Conventional Therapies in Patients With
Connective Tissue Disease-Associated Pulmonary
Arterial Hypertension

Previous studies aimed to determine whether combination ther-
apy may lead to better overall outcomes in PAH patients with
cardiac comorbidities. McLaughlin et al. demonstrated favor-
able effects of initial macitentan-tadalafil therapy on hemody-
namic and functional outcomes in PAH patients with one to two
cardiac comorbidities. Nevertheless, given the post hoc nature
of the analysis and the absence of statistical power for mortal-
ity assessment, survival implications remain uncertain [13].
Likewise, White et al., in the TRIUMPH and FREEDOM-EV
trials, reported that combination therapy with inhaled or oral
treprostinil offered potential benefits for patients with PAH and
cardiovascular comorbidities. Yet, these treatments also failed to
demonstrate a meaningful improvement in overall survival [14].
Moutchia et al. found combination therapy targeting endothelin
and nitric oxide pathways reduced mortality, but short 12-16-
week follow-up limited certainty [15].

Sotatercept represents a novel approach to treating PAH by tar-
geting the activin signaling pathway, a key driver of vascular
remodeling in the disease. This mechanism may be especially
relevant in CTD-PAH, where inflammation and fibrosis are
more pronounced than in idiopathic forms. Unlike conventional
therapies that primarily offer symptom relief, sotatercept has
the potential to alter disease progression and improve long-term
prognosis. While existing combination therapies, such as mac-
itentan and tadalafil, had shown benefits in improving hemo-
dynamic measures, their impact on overall survival remains
unclear. Furthermore, some conventional combination treat-
ments had been associated with adverse events, underscoring
the need for safer and more effective alternatives. Sotatercept is
currently best viewed as an add-on to optimized PAH therapy.
In CTD-PAH, immunosuppression should be optimized when
indicated, while sotatercept targets vascular remodeling beyond
conventional vasodilatory pathways.

5 | Current Limitations

The limitations of current trials on sotatercept include a rela-
tively small sample size and a short follow-up duration [1, 6, 7].
Most studies include fewer than 500 participants, which poten-
tially limits generalizability to the broader PAH population.
Additionally, the median follow-up period in these trials ranges
from 12 to 24weeks, which is not long enough to evaluate the
long-term effects of sotatercept.

Current trials target a broad Group 1 PAH population, limiting
applicability to SSc-PAH with ILD. Because real-world CTD
patients frequently display overlapping ILD physiology often
excluded from randomized controlled trials, evidence for so-
tatercept across ILD severity remains insufficient [1, 7]. Most
pivotal sotatercept trials have predominantly enrolled patients
with WHO functional class II/III or higher-risk profiles without
evaluating its efficacy and safety in early-stage CTD-PAH.
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6 | Future Research Directions

We suggest primarily enrolling patients with SSc-PAH, while
allowing secondary subgroups such as SLE-, Mixed connective
tissue disease-, and Rheumatoid arthritis-associated PAH. ILD
stratification should be predefined using High-resolution com-
puted tomography (HRCT)-based quantification combined with
pulmonary function thresholds (forced vital capacity, FVC%)
and Diffusing capacity of the lung for carbon monoxide (DLCO),
such as <45%, 45%-60%, > 60% to classify mild, moderate, and
extensive disease. A multinational, multicenter, double-blind,
placebo-controlled trial comparing sotatercept added to stan-
dard of care (SOC) versus continued SOC should stratify pa-
tients by CTD subtype (SSc vs. non-SSc), ILD severity, REVEAL
Lite 2 risk category, and background therapy intensity (dual vs.
triple therapy) [1, 8].

A dedicated CTD-PAH subgroup will likely be required to
achieve adequate event rates and statistical power, rather than
extrapolating from overall PAH cohorts [16]. Alternatively, a
CTD-enriched enrollment strategy (>40%-50%) should be ad-
opted. A real-world prospective registry should include patients
with SSc-PAH and ILD overlap, those receiving intensive im-
munosuppression [17], or individuals at elevated bleeding risk.
DLCO, FVC, and quantitative HRCT-based ILD assessments
are essential to differentiate pure Group 1 physiology from
Group 1/3 overlap. Musculoskeletal and skin involvement scores
should also be monitored for their impact on 6MWD. In addi-
tion, autoantibody profiles (e.g., anti-centromere, anti-Scl-70,
U1-RNP) and inflammatory or fibrotic biomarkers should also
be incorporated for improving phenotypic characterization.

7 | Conclusion

Sotatercept shows great promise in personalized PAH treatment
by targeting pulmonary vascular remodeling, especially in high-
risk patients. Its ability to tailor therapy based on individual re-
sponses, along with the identification of relevant biomarkers,
could improve patient outcomes and boost long-term survival.
Many groups will need to work together to ensure Sotatercept
is widely available. Collaboration among patients, clinicians, in-
surers, and policymakers will be key to fully realizing its clinical
benefits and enhancing healthcare outcomes for PAH patients.
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The allure of precision medicine in rheumatology has long been
centered on the “genetic switch”—the hope that a simple germ-
line marker could direct clinicians to the perfect biologic, spar-
ing patients months of trial-and-error. However, the recent study
by Yap et al. [1] in Arthritis & Rheumatology serves as a nec-
essary reality check. Investigating the well-known HLA-DRB1
Shared Epitope (SE) and Valine at position 11, the authors found
no significant evidence that these systemic markers could differ-
entiate response between abatacept and adalimumab.

Does this negative result signal the failure of precision rheu-
matology? Far from it. A survey of recent literature in the
International Journal of Rheumatic Diseases (2025-2026) reveals
that the field is simply maturing. Unlike existing reviews that
broadly catalog genomic advancements, this commentary spe-
cifically highlights the critical transition from static germline
markers to adynamic, multimodal framework integrating tissue-
specific biology, biomechanics, and imaging. Furthermore, to
ensure conceptual clarity, we use the term “precision medicine”
throughout this manuscript to denote the overarching paradigm
of tailored care, which relies on accurate “patient stratification”
based on shared pathophysiological mechanisms, rather than
mere symptomatic interventions. It is important to note, how-
ever, that while these emerging multimodal approaches show
great promise, many of the current studies are limited by small
sample sizes, cross-sectional designs, and a lack of external val-
idation across diverse populations. Moving forward, larger, pro-
spective cohorts will be necessary to confirm the clinical utility
of these novel markers.

1 | From Blood to Tissue: The Synovial Signature

If systemic DNA is the blueprint, the synovium is the active
construction site. The failure of germline markers like the
Shared Epitope to predict specific drug responses suggests we
are looking in the wrong place. Recent work published in the
International Journal of Rheumatic Diseases highlights the
power of shifting focus to the target organ. The expression of
specific gene signatures like BHLHE40 in synovial CD4* T cells
has been identified as a potential marker for rheumatoid arthri-
tis phenotypes [2]. This offers a level of granularity that systemic
markers cannot match, reinforcing that the precision we seek is
likely hidden in the cellular dynamics of the joint itself rather
than in the patient's static genetic code. Nevertheless, the feasi-
bility of incorporating synovial tissue analysis into routine clin-
ical practice remains uncertain. Significant barriers, including
limited tissue accessibility, the lack of standardized sampling
procedures, and high procedural costs, must be addressed be-
fore synovial biopsies can be widely adopted for everyday patient
stratification.

2 | The Mechanical Phenotype

Precision medicine is frequently conflated with molecular med-
icine. However, comprehensive patient stratification must also
integrate physical and mechanical phenotypes. Guan and Mei
[3] recently published a pivotal review linking biomechanics
and obesity to osteoarthritis mechanisms. They advocate for
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an approach that evaluates mechanical load alongside biologi-
cal inflammation. This holistic view is crucial. Distinguishing a
patient whose disease is primarily driven by mechanical stress
from one driven by autoimmune inflammation is essential.
Clinically, identifying a dominant mechanical phenotype could
redirect management from escalating immunosuppressive ther-
apies to targeted interventions such as weight reduction, gait
correction, or specific joint-loading modifications.

3 | Precision Diagnostics: Imaging Meets Biology

The integration of imaging with serology represents another
leap forward. Zong et al. [4] demonstrated in a cross-sectional
study of 120 patients that combining musculoskeletal ultra-
sound (MSUS) with serum markers like HIF-la and COX-2
significantly optimizes the diagnosis of acute gouty arthritis.
This multimodal approach—using imaging to confirm the
anatomical “where” and biomarkers to confirm the metabolic
“what”—exemplifies the practical application of precision med-
icine in daily practice. Importantly, the utility of this combined
approach may extend well beyond diagnostic stratification.
Characterizing baseline metabolic and structural alterations
can potentially inform initial treatment selection and serve as
a sensitive baseline for prognostic assessment and the longitudi-
nal monitoring of therapeutic efficacy.

4 | Real-World Evidence, Environment, and
Consensus

Our understanding of patient stratification must also account
for environmental exposures that reshape the immune baseline.
Su et al. [5] provided compelling evidence regarding the impact
of SARS-CoV-2 infection on autoimmune risk, adding another
layer to our precision algorithms. Finally, while we search for
novel biomarkers, we must rely on rigorous real-world data and
regionally adapted standards. The publication of the Taiwan
College of Rheumatology Consensus for the Management of
Systemic Lupus Erythematosus by Huang et al. [6] represents
a major step forward. By adapting international guidelines to
local clinical realities, this document ensures that precision does
not come at the cost of standardized, high-quality baseline care.

5 | Conclusion

The study by Yap et al. [1] saves us from a clinical dead end by
confirming that HLA-DRBI is likely not the deciding factor for
abatacept versus adalimumab selection. However, as the pages
of the International Journal of Rheumatic Diseases demonstrate,
the path forward is rich with potential. Whether through syno-
vial gene signatures, biomechanical profiling, or updated con-
sensus frameworks, precision rheumatology is evolving from a
hunt for a single genetic “silver bullet” into a disciplined, mul-
tifaceted science. Moving forward, the critical priority for the
next phase of precision rheumatology must be the integration
of these multimodal datasets into accessible, clinically usable
decision-support tools. The incorporation of machine learn-
ing and artificial intelligence will likely play an essential role
in processing this complex, multi-dimensional data, ultimately

guiding tailored therapeutic decision-making in routine clinical
practice.
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Dear Editor,

Systemic lupus erythematosus (SLE) is a chronic autoimmune
disease characterized by heterogeneity, which can present with
various clinical manifestations and is associated with multior-
gan involvement [1]. Although it is often described as the “great
mimicker” due to this characteristic, certain diseases can rarely
mimic SLE, and sometimes SLE can be a paraneoplastic mani-
festation of a malignancy. We present a case with atypical fea-
tures that prompted further evaluation, initially considered as
isolated SLE but ultimately diagnosed with malignancy, which
we believe offers important clinical insights.

A male patient in his late 60s with no medical history presented
with swelling of the wrists and metacarpophalangeal (MCP)
joints, which had been present for approximately 5weeks. He re-
ported a 6-month history of weakness predominantly affecting
the distal upper and lower extremities, accompanied by signifi-
cant functional limitation, and complained of numbness in both
hands. Additionally, he had constitutional symptoms, which in-
cluded an unintentional weight loss of approximately 10kg over
the past year and low-grade fever. He did not report Raynaud's
phenomenon, oral aphthae, rash, or photosensitivity.

Physical examination demonstrated bilateral second and third
MCP joints and wrist arthritis and motor weakness, more pro-
nounced in distal muscle groups. No skin rash was observed,
and basal lung crackles were heard at the lung bases. On admis-
sion, laboratory investigations revealed cytopenias, including
anemia (hemoglobin 11.9g/dL), leukopenia (1800/uL), lymph-
openia (380/uL), and thrombocytopenia (98000/uL), together
with a positive direct Coombs test. Serum creatinine and liver

enzyme levels were within normal limits. Immunological tests
showed antinuclear antibody (ANA) positivity at a titer of 1:320,
anti-double-stranded DNA (anti-dsDNA) antibodies were posi-
tive at 90IU/mL (positive cut-off: >201U/mL), as measured by
chemiluminescent immunoassay, and the ANA immunoblot
panel showed weak positivity for anti-nucleosome antibodies.
Rheumatoid factor, anti-cyclic citrullinated peptide antibod-
ies were negative, and complement levels were normal. Acute
phase reactants were elevated, with a C-reactive protein (CRP)
level of 24 mg/L (reference range: 0-5mg/L) and an erythrocyte
sedimentation rate (ESR) of 80 mm/h. Serological tests for par-
vovirus B19, hepatitis A, B, and C, EBV, and HIV were negative,
making viral causes of acute arthritis unlikely. Urinalysis was
unremarkable.

Thoracic computed tomography (CT) demonstrated interstitial
lung disease with a nonspecific interstitial pneumonia pattern.
Electrophysiological studies revealed findings consistent with a
sensorimotor axonal polyneuropathy. Nerve conduction studies
showed mildly reduced amplitudes and slowed conduction ve-
locities, particularly in the tibial and median nerves, with ab-
sent bilateral sural responses. These findings were interpreted
as compatible with axonal degeneration affecting both sensory
and motor fibers.

Based on the combination of clinical, serological, and imaging
findings, the patient was diagnosed with SLE accompanied by
sensorimotor axonal polyneuropathy. The patient was started
on 20mg of prednisolone and his rheumatic joint symptoms
improved within a few days. On follow-up examination, a firm,
mobile, non-tender nodular lesion measuring approximately
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FIGURE1 | Histopathological and immunohistochemical findings of the duodenal neuroendocrine tumor. (a) Tumoral lesion located in the sub-

epithelial area interspersed among duodenal glandular structures (x100 H&E). (b) Immunohistochemical analysis demonstrates diffuse and strong

Synaptophysin expression in tumoral cells (X100). (c) Immunohistochemical staining with Ki-67 demonstrates sparse positivity in tumor cells as well

as in some intermixed inflammatory cells. The proliferative index in tumor cells is calculated as 1% in the area of highest labeling (x100).

1.5cm in diameter was detected in the left supraclavicular re-
gion. Superficial ultrasonography suggested a lipomatous lesion;
however, given the patient's history of weight loss, endoscopic
evaluation was planned to investigate possible gastrointestinal
malignancy. Endoscopic examination identified a duodenal le-
sion described as a “bulbus polyp,” and a biopsy was performed.
Histopathological analysis revealed a well-differentiated neu-
roendocrine tumor (NET), Grade 1, measuring approximately
0.7cm in diameter. The tumor exhibited submucosal infiltra-
tion, with a low mitotic index (1 mitosis per 10 high-power fields)
and a Ki-67 proliferation index below 1%. Immunohistochemical
staining demonstrated positivity for pancytokeratin, chromogr-
anin A, synaptophysin, and INSM1, confirming the diagnosis
(Figure 1).

Given the low-grade nature of the neuroendocrine tumor and
its small size, surgical management was considered. The pa-
tient was referred for multidisciplinary evaluation involving
gastroenterology, oncology, and surgery. The patient subse-
quently underwent a Whipple procedure. Corticosteroid ther-
apy was gradually tapered and discontinued within 3 months
after surgery. At the 6-month follow-up, there was no recur-
rence of arthritis, cytopenias had resolved, and anti-dsDNA
antibody titers had become negative. Close follow-up was
planned to monitor both the clinical course of SLE and the be-
havior of the tumor.

Paraneoplastic SLE is a rare condition. In the literature, cases
have been reported in association with colorectal carcinoma,
dysgerminoma, cholangiocarcinoma, papillary thyroid carci-
noma, oat cell lung cancer, and thymoma [2-7]. However, para-
neoplastic SLE secondary to a neuroendocrine tumor has not
been reported so far. Our case appears to be the first in this re-
gard. In addition, the localization of the neuroendocrine tumor
to the duodenum, which is itself uncommon [8], further adds to
the rarity and distinctiveness of this case.

This case highlights several important clinical points. First, al-
though SLE is known for its wide range of clinical presentations,
it should also be kept in mind that it may rarely present as a
paraneoplastic syndrome. Second, the presence of significant
weight loss and atypical neurological findings should prompt
a thorough evaluation for underlying malignancy. Third, given
that the coexistence of SLE and malignancy is uncommon, fur-
ther case series and studies are needed to better understand the
pathogenesis of paraneoplastic SLE.

In conclusion, this case underscores the importance of a careful
and systematic approach to systemic autoimmune diseases pre-
senting with atypical features. Early recognition of concurrent
malignancy may have been crucial for survival.
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Dear Editor,

Behget disease (BD) is a chronic, relapsing, variable-vessel vas-
culitis in which vascular involvement, predominantly venous
thrombosis, is among the most severe manifestations and occurs
mainly in young males [1]. Juvenile-onset disease is rarer, is fre-
quently incomplete at presentation, and has a broad differential
diagnosis, so classification criteria are often satisfied only late
in the course [2]. Thrombosis in children is correspondingly un-
common, documented in 37 of 254 children in the EUROFEVER
registry [3] and in 15 of 85 in a single-center cohort [4]. Budd-
Chiari syndrome (BCS), defined by hepatic venous outflow ob-
struction, is a rare but particularly severe vascular phenotype of
BD, for which the literature remains limited; pediatric evidence
is particularly sparse, with a 2025 review retrieving only 17 suf-
ficiently detailed pediatric thrombotic cases [5-8]. We report a
fatal, treatment-refractory case addressing three questions that
current guidance leaves unanswered: how extensive an inaugu-
ral thrombus burden can be in pediatric BD; how tuberculosis-
oriented diagnostic anchoring in an endemic region delays both
recognition and biologic escalation; and how the absence of a
BD-specific protocol for BCS translates into bedside decisions.

A previously healthy 16-year-old male presented with a 3-month
history of intermittent fever, night sweats, anorexia, weight loss,
abdominal distension, and progressive ascites. On examination
he appeared ill, with marked ascites, hepatomegaly, and periph-
eral edema. Initial investigations showed prominent systemic
inflammation, anemia, thrombocytosis, and hypoalbumin-
emia, with later progressive liver dysfunction and coagulopathy.

Because the tuberculin skin test measured 20mm and consti-
tutional symptoms predominated, extrapulmonary tuberculosis
was the initial working diagnosis at the referring center, and
empirical anti-tuberculous therapy was begun. However, the in-
fectious work-up was consistently negative: thoracic computed
tomography (CT) showed only nonspecific ground-glass opacity
and, on repeat imaging, bilateral pleural effusion without active
infiltrative or nodal disease; serial sputum, peritoneal fluid,
pleural, and tissue mycobacterial smears and polymerase chain
reaction assays, together with repeated blood, urine, and fluid
cultures, were negative; an interferon-gamma release assay was
negative; paracentesis and diagnostic laparotomy yielded tran-
sudative fluid with normal adenosine deaminase activity and no
growth, and peritoneal and omental biopsies were unsupportive
of tuberculous peritonitis.

During follow-up he deteriorated abruptly, with severe ab-
dominal pain, worsening edema, acute kidney injury, rising
transaminases, hyperbilirubinemia, prolonged international
normalized ratio, and oliguria. Doppler ultrasonography and
contrast-enhanced CT angiography demonstrated occlusion of
the hepatic veins and of the entire intrahepatic and infrahepatic
inferior vena cava up to the right atrial junction, together with
occlusion of the right common and external iliac and right com-
mon, deep, and superficial femoral veins, occlusion of the left
common and external iliac veins, and diffuse wall thickening of
the patent left common femoral and great saphenous veins, in
keeping with vasculitic involvement (Figure 1). Hepatomegaly
with heterogeneous parenchyma, periportal edema, and absent
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FIGURE 1 | Contrast-enhanced computed tomography angiography obtained 17days after thrombosis was first detected on Doppler ultraso-

nography. (A) Extensive hypodense intraluminal filling defect occupying the infrahepatic inferior vena cava, consistent with complete occlusion.

(B) Cranial extension of the thrombus through the intrahepatic inferior vena cava to the cavo-atrial junction and right atrium, with heterogeneous

enhancement of the enlarged liver. (C) Bilateral common and external iliac vein occlusion with diffuse circumferential venous wall thickening of

the femoral veins, in keeping with vasculitic involvement. (D) Hepatomegaly with heterogeneous, patchy hepatic parenchymal enhancement and

perihepatic ascites, the parenchymal correlate of hepatic venous outflow obstruction.

hepatic venous flow confirmed BCS, whereas the portal venous
system remained patent. Echocardiography showed a 12X 7mm
thrombus at the cavo-atrial junction without valvular vegetation.
Brain magnetic resonance imaging with diffusion-weighted and
susceptibility-weighted sequences revealed no parenchymal, ve-
nous sinus, or hemorrhagic lesion, excluding neuro-Behcet in-
volvement and supporting a hepatic origin for the intermittent
encephalopathy.

Given the disproportionate thrombotic burden, a structured
thrombophilia, autoimmune, and genetic evaluation was un-
dertaken (Table 1). Antiphospholipid, anticardiolipin, and
anti-B2-glycoprotein I antibodies, antinuclear antibody, anti-
double-stranded DNA, antineutrophil cytoplasmic antibodies,
and lupus anticoagulant were negative, and factor V Leiden,
prothrombin G20210A, and methylenetetrahydrofolate reduc-
tase genotyping were normal, as were hemoglobin electropho-
resis, lipoprotein(a), and ADAMTS13 activity. Homocysteine
was only mildly elevated. Reductions in protein C, protein S,
antithrombin III, and several coagulation factors (V, VII, IX,
X, XI, and XII) were observed but were interpreted with cau-
tion, as they were obtained during active thrombosis, hepatic
dysfunction, and critical illness, and were therefore most con-
sistent with impaired hepatic synthesis rather than inherited
thrombophilia; factors VIII and XIII, which are less hepatocyte-
dependent, were preserved. Overall, the profile did not establish
a primary hypercoagulable state sufficient to explain the mul-
tivessel thrombosis.

Reassessment of the history then disclosed recurrent oral aph-
thae, episodic genital ulceration, pseudofolliculitis, and a pos-
itive family history of BD; pathergy testing was positive and
HLA-B51 was present, whereas ophthalmologic examination
showed no uveitis. Together with the extensive venous involve-
ment, these features fulfilled the Pediatric Behget's Disease
(PEDBD) and International Criteria for Behcet's Disease (ICBD)
classification frameworks and supported pediatric vascular BD
[9, 10].

Therapeutic enoxaparin was administered and titrated against
thrombocytopenia, fibrinogen level, and procedural bleeding

risk under anti-factor Xa monitoring; no arterial aneurysm or
bleeding focus was identified. He received pulse methylprednis-
olone followed by intravenous cyclophosphamide for severe vas-
cular disease, with a second corticosteroid pulse and colchicine
after transfer. Because thrombosis and inflammatory activity
progressed, infliximab was initiated following multidisciplinary
review, but only after repeated microbiologic reassessment had
rendered active tuberculosis unsupported; isoniazid prophy-
laxis was continued with close hepatic monitoring. Only a sin-
gle infliximab infusion could be delivered before the terminal
deterioration. Despite anticoagulation, escalating immunosup-
pression, drainage, transfusion support, and broad-spectrum
antimicrobial therapy for culture-signaled sepsis, he developed
progressive multiorgan failure with severe metabolic acidosis,
required intubation and renal replacement therapy, and died
after recurrent cardiac arrest, 50 days after thrombosis was first
documented. The full chronology, laboratory, and imaging data
are provided in Tables S1 and S2.

This case is instructive less because BCS occurred in BD than
because the inaugural manifestation was an unusually fulmi-
nant, multilevel venous phenotype extending from the hepatic
veins and inferior vena cava to the right atrial junction and
the iliofemoral system. Pediatric evidence is sparse: a compre-
hensive review of childhood BD identified hepatic vein occlu-
sion with BCS in a single patient from an international cohort
of 86 children [11], and intracardiac thrombosis is likewise
exceptional in pediatric BD [4]. Diagnosis was further delayed
by tuberculosis-oriented anchoring, a recognized pitfall in en-
demic regions, where constitutional symptoms, ascites, and a
reactive tuberculin test understandably suggest extrapulmonary
tuberculosis. Progressively negative microbiology, non-elevated
adenosine deaminase, transudative ascites, and ultimately the
extensive thrombotic pattern redirected the diagnosis, which
the mucocutaneous, pathergy, HLA-B51, and family findings
then confirmed [9, 10].

Management of BCS in BD is not standardized, no specific
protocol exists, and morbidity and mortality remain high
[6, 7, 12]. Because thrombosis in BD reflects vessel-wall in-
flammation rather than a conventional hypercoagulable state,
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TABLE1 | Structured thrombophilia, autoimmune, and genetic work-up and interpretive limitations.

Test category Specific test Result (reference range) Interpretation/limitation
Antiphospholipid screen Antiphospholipid Negative Antiphospholipid syndrome
(IgM and IgG), not supported
anticardiolipin, and
anti-f2-glycoprotein
I antibodies
Autoimmune screen ANA; anti- Negative Alternative systemic autoimmune
dsDNA; ANCA etiology not supported

Lupus anticoagulant Lupus anticoagulant

screening assay

Factor V Leiden;
prothrombin
G20210A; MTHFR
genotyping
Lipoprotein(a);
hemoglobin
electrophoresis;
ADAMTSI13 activity

Genetic thrombophilia

Other inherited risk factors

Homocysteine Serum homocysteine

Natural anticoagulants Protein C; protein
S; antithrombin

IIT activity

Coagulation factors Factors V, VII, IX,
X, XI, XII; factors

VIII and XIII

HLA typing HLA-B51

39.8 s (normal)

<10mg/dL; HbA 97.8%,
HbA2 2.2C; normal

17.3 wmol/L (reference <12)

Protein C 27.3% (70-140); protein
S 43.4%; AT-II1 50.3% (79-112)

V, VII, IX, X, X1, XII reduced;
VIII and XIII preserved

Lupus anticoagulant not detected

Normal Inherited thrombophilia

not supported

Lipoprotein(a) excess,
hemoglobinopathy, and thrombotic
microangiopathy excluded

Mildly elevated; insufficient alone
to explain the thrombotic burden

Confounded by acute extensive
thrombosis, hepatic dysfunction,
and critical illness

Pattern compatible with impaired
hepatic synthesis and acute illness
rather than inherited thrombophilia

Positive Supports Behcet disease
susceptibility; not

diagnostic in isolation

Abbreviations: ANA, antinuclear antibody; ANCA, antineutrophil cytoplasmic antibodies; anti-dsDNA, anti-double-stranded DNA; AT-III, antithrombin III; HbA,
hemoglobin A; HLA, human leukocyte antigen; MTHFR, methylenetetrahydrofolate reductase.

immunosuppression is the therapeutic cornerstone; cohort data
indicate that immunosuppressants reduce venous thrombo-
sis recurrence, an effect not demonstrated for anticoagulation
[13, 14]. The 2018 EULAR recommendations advise glucocor-
ticoids combined with an immunosuppressant such as azathio-
prine, cyclophosphamide, or cyclosporine A for acute deep vein
thrombosis, monoclonal anti-tumor necrosis factor (TNF) anti-
bodies for refractory venous disease, and anticoagulation only
when bleeding risk is low and pulmonary artery aneurysms
have been excluded [15]. Accordingly, our patient was escalated
from corticosteroids and cyclophosphamide to infliximab; the
biologic was introduced only after tuberculosis had been deemed
unsupported and under continued isoniazid prophylaxis, ad-
dressing the safety tension that can otherwise delay life-saving
therapy. The role of anticoagulation remains uncertain and is
generally considered adjunctive; a recent systematic review
found heterogeneous evidence, with potential benefit in selected
clinical settings but no consistently demonstrated advantage
across all patients [1, 16]. Interventional and surgical options,
including percutaneous angioplasty with or without stenting,
transjugular intrahepatic portosystemic shunt, surgical portal
decompression, and, in end-stage disease, liver transplantation,

may be considered for refractory hepatic venous outflow ob-
struction [6, 12], but their utility in BD is constrained by the dif-
fuse, multilevel, inflammatory nature of the occlusion and the
risk of re-thrombosis without adequate immunosuppression. In
our patient, continuous thrombus from the hepatic veins to the
right atrium and iliofemoral system, with rapidly progressive
multiorgan failure and coagulopathy, precluded any safe pro-
cedural window; shunting and liver transplantation were for-
mally assessed and judged unfeasible, so management remained
medical.

Several diagnostic limitations should be acknowledged.
Vasculitis was never confirmed histopathologically because
vessel-wall sampling was unsafe and the peritoneal and omen-
tal biopsies had been obtained before the thrombosis was recog-
nized. Tuberculosis could be rendered highly unlikely but never
formally excluded since culture confirmation is inherently in-
sensitive in paucibacillary extrapulmonary disease; this residual
uncertainty, rather than doubt about the diagnosis of BD, is what
deferred anti-TNF therapy. The thrombophilia panel was nec-
essarily obtained during acute thrombosis, hepatic failure, and
critical illness, so the reduced natural anticoagulant and factor
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levels cannot be interpreted as inherited defects, and confirma-
tory retesting after recovery was impossible. Part of the early
data was retrieved retrospectively from the referring center.
Finally, a definite infectious source for the terminal deteriora-
tion could not be confirmed, although critical illness, invasive
procedures, hepatic failure, and escalating immunosuppression
plausibly amplified infection vulnerability, and no autopsy was
performed.

In conclusion, BD should enter the differential diagnosis
early in adolescents with BCS and disproportionate multives-
sel venous thrombosis, even before classical criteria are fully
expressed, and particularly where an infectious explana-
tion is plausible but unconfirmed. Once recognized, prompt
guideline-based immunosuppression, escalated to anti-TNF
therapy in refractory disease rather than anticoagulation
alone, offers the best opportunity to alter an otherwise fre-
quently fatal course, with interventional options reserved for
patients in whom a safe procedural window exists [12, 15].
Our experience suggests that in fulminant Behget-associated
BCS the decisive variable is time: the interval between presen-
tation and effective immunosuppression, and specifically the
delay imposed by unresolved tuberculosis, may matter more
than the choice of agent.
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1 | Riddle

A 13-year-old boy, diagnosed with anti-melanoma
differentiation-associated gene 5 (anti-MDA5) antibody-positive
dermatomyositis 2 years back, currently presented with a shiny,
painless swelling over the back of his left knee, measuring
around 4cm X4 cm (Figure 1A).

2 | Answer

This boy, with anti-MDAS5 antibody-positive dermatomyositis,
initially presented with severe muscle weakness, alongside mul-
tiple non-healing ulcers over the dorsum of his feet. His initial
Childhood myositis assessment scale (CMAS) score was 21/52.
Baseline muscle enzymes were elevated with serum creatine

FIGURE1 | Shiny, nodular 4cmx4cm swelling at the back of the left knee (A). Milky-white calcinotic fluid aspirated in a syringe (B). X-ray left

knee anteroposterior and lateral view showing sheet-like calcifications in the subcutaneous plane of left thigh (arrow-heads) with a superficial round
swelling at the back of the left-knee containing an air-calcinotic fluid level (arrow), attributable to recent iatrogenic needle insertion. Light micro-
scopic examination of the calcinotic fluid under 100X magnification showing discrete (arrow-heads) and clumps (arrow) of amorphous crystalline
deposits, consistent with calcific material (D).

© 2026 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.
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phosphokinase (CPK) value being 384U/L. He was initiated
on high-dose oral glucocorticoids and monthly cycles of in-
travenous cyclophosphamide (CYC) 500mg each for the next
6months. Oral glucocorticoids were slowly tapered off by 1year,
when the CMAS score stood at 45, and serum CPK value at
40U/L. He did well on mycophenolate mofetil (MMF) 1g/d as
maintenance therapy for the last 18 months, until he developed
the above-described swelling (Figure 1A). A milky-white fluid
was aspirated from the swelling (Figure 1B). X-ray of the left
knee revealed sheets of calcification in the subcutaneous plane
of the thigh, alongside a relatively superficial rounded half-
calcified swelling at the back of the knee with an air-calcinotic
fluid level (Figure 1C), attributable to recent iatrogenic needle
insertion. Gram stain, Ziehl-Neelsen stain, and bacterial and
fungal cultures of the aspirated material were negative, thereby
excluding an infected collection. Serum calcium and phosphate
values came normal, suggestive of dystrophic calcification. Light
microscopic examination of the calcinotic fluid under 100x
magnification showed discrete and clumps of amorphous crys-
talline deposits, consistent with calcific material (Figure 1D).
Considering such calcinotic lesions as a harbinger of a new dis-
ease activity in anti-MDAS5 positive dermatomyositis, mycophe-
nolate mofetil was switched to tofacitinib 5mg twice daily. Two
months after the change in treatment, the calcinotic lesion had
stabilized. The CMAS score and the serum CPK values also re-
mained stable with tofacitinib.

Liquefied calcinosis mimicking an abscess has rarely been re-
ported in juvenile dermatomyositis (JDM) [1-3]. An association
between anti-MDA5 antibody positivity and calcinosis has been
reported in some studies [4], while anti-Nuclear Matrix Protein
2 antibody remains the more consistently recognized autoan-
tibody association. Development of calcinosis in our JDM case
suggests ongoing inflammation leading to reactive oxygen
species-driven mitochondrial calcinosis [5], a possible harbinger
of new disease activity in JDM. There are multiple approaches
to deal with calcinosis associated with JDM, though no uniform
international guidelines exist for the management of the same.
Tofacitinib, being a Janus-Kinase inhibitor, targets the type I
interferon pathway in the pathogenesis of anti-MDA 5 antibody-
positive dermatomyositis and prevents calcinosis. The under-
lying mechanism lies in the inhibition of the signal transducer
and activator of transcription 3 (STAT3), which is involved in the
regulation of calcium store release from the mitochondria [6].
Moreover, the favorable results of tofacitinib in dermatomyositis-
associated calcinosis in case-reports made tofacitinib the likely
choice in this case [7].
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1 | Riddle

A 13-year-old boy, diagnosed with anti-melanoma
differentiation-associated gene 5 (anti-MDA5) antibody-positive
dermatomyositis 2 years back, currently presented with a shiny,
painless swelling over the back of his left knee, measuring
around 4cm X4 cm (Figure 1A).

2 | Answer

This boy, with anti-MDAS5 antibody-positive dermatomyositis,
initially presented with severe muscle weakness, alongside mul-
tiple non-healing ulcers over the dorsum of his feet. His initial
Childhood myositis assessment scale (CMAS) score was 21/52.
Baseline muscle enzymes were elevated with serum creatine

FIGURE1 | Shiny, nodular 4cmx4cm swelling at the back of the left knee (A). Milky-white calcinotic fluid aspirated in a syringe (B). X-ray left

knee anteroposterior and lateral view showing sheet-like calcifications in the subcutaneous plane of left thigh (arrow-heads) with a superficial round
swelling at the back of the left-knee containing an air-calcinotic fluid level (arrow), attributable to recent iatrogenic needle insertion. Light micro-
scopic examination of the calcinotic fluid under 100X magnification showing discrete (arrow-heads) and clumps (arrow) of amorphous crystalline
deposits, consistent with calcific material (D).
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phosphokinase (CPK) value being 384U/L. He was initiated
on high-dose oral glucocorticoids and monthly cycles of in-
travenous cyclophosphamide (CYC) 500mg each for the next
6months. Oral glucocorticoids were slowly tapered off by 1year,
when the CMAS score stood at 45, and serum CPK value at
40U/L. He did well on mycophenolate mofetil (MMF) 1g/d as
maintenance therapy for the last 18 months, until he developed
the above-described swelling (Figure 1A). A milky-white fluid
was aspirated from the swelling (Figure 1B). X-ray of the left
knee revealed sheets of calcification in the subcutaneous plane
of the thigh, alongside a relatively superficial rounded half-
calcified swelling at the back of the knee with an air-calcinotic
fluid level (Figure 1C), attributable to recent iatrogenic needle
insertion. Gram stain, Ziehl-Neelsen stain, and bacterial and
fungal cultures of the aspirated material were negative, thereby
excluding an infected collection. Serum calcium and phosphate
values came normal, suggestive of dystrophic calcification. Light
microscopic examination of the calcinotic fluid under 100x
magnification showed discrete and clumps of amorphous crys-
talline deposits, consistent with calcific material (Figure 1D).
Considering such calcinotic lesions as a harbinger of a new dis-
ease activity in anti-MDAS5 positive dermatomyositis, mycophe-
nolate mofetil was switched to tofacitinib 5mg twice daily. Two
months after the change in treatment, the calcinotic lesion had
stabilized. The CMAS score and the serum CPK values also re-
mained stable with tofacitinib.

Liquefied calcinosis mimicking an abscess has rarely been re-
ported in juvenile dermatomyositis (JDM) [1-3]. An association
between anti-MDA5 antibody positivity and calcinosis has been
reported in some studies [4], while anti-Nuclear Matrix Protein
2 antibody remains the more consistently recognized autoan-
tibody association. Development of calcinosis in our JDM case
suggests ongoing inflammation leading to reactive oxygen
species-driven mitochondrial calcinosis [5], a possible harbinger
of new disease activity in JDM. There are multiple approaches
to deal with calcinosis associated with JDM, though no uniform
international guidelines exist for the management of the same.
Tofacitinib, being a Janus-Kinase inhibitor, targets the type I
interferon pathway in the pathogenesis of anti-MDA 5 antibody-
positive dermatomyositis and prevents calcinosis. The under-
lying mechanism lies in the inhibition of the signal transducer
and activator of transcription 3 (STAT3), which is involved in the
regulation of calcium store release from the mitochondria [6].
Moreover, the favorable results of tofacitinib in dermatomyositis-
associated calcinosis in case-reports made tofacitinib the likely
choice in this case [7].
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Rheumatic and immune-mediated diseases, such as rheuma-
toid arthritis (RA), systemic lupus erythematosus (SLE), gout,
and ankylosing spondylitis (AS), arise from the interplay of
multiple factors in their development, including genetic sus-
ceptibility, metabolic disorders, immune imbalances, and
environmental exposures. These diseases exhibit significant
heterogeneity in their phenotypes and disease progression [1].
Our long-term research examines the relationship between
various exposure factors—including metabolic indicators,
nutritional components, and drug dosages—and disease risk
or therapeutic efficacy. Traditional meta-analyses typically
compare “exposed” versus “unexposed” groups or high ver-
sus low exposure levels, often overlooking the gradient infor-
mation of exposure intensity. This binary research approach
limits our capacity to identify the actual trend in disease risk
as exposure doses change [2]. Dose-response meta-analysis
(DRMA) is a specialized technique that builds on the tradi-
tional meta-analysis/meta-regression framework. It recon-
structs and combines study-specific dose-response functions
by integrating stratified exposure data across studies and
accounting for intra-study correlations, such as through the
Greenland-Longnecker method [3, 4]. Models can explore qua-
dratic or fractional polynomial regression, though they more
commonly use restricted cubic splines (RCS) for flexible non-
linear fitting [5, 6]. Given the complex, multifactorial etiology
of these conditions, DRMA provides a quantitative framework
to move beyond simple binary associations and uncover crit-
ical thresholds, thereby refining our understanding of how
environmental, nutritional, and therapeutic factors shape dis-
ease trajectories across the rheumatology spectrum.

Numerous studies have used DRMA to investigate the dose-re-
sponse relationship between nutritional intake and the risk of
rheumatic and immune diseases. For example, the consumption
of fruits, vegetables, and oily fish exhibits a nonlinear dose-re-
sponse relationship with RA risk, where the risk decreases once
intake exceeds a specific threshold [7]. Notably, DRMA allows
researchers to more precisely assess specific levels of alcohol
consumption or tobacco exposure that significantly increase
disease risk. In terms of alcohol consumption, Jin et al.'s 2014
study revealed a J-shaped nonlinear relationship. Compared
to abstinence, daily intake of about 3g of alcohol resulted in
an RR=0.93 (95% CI 0.88-0.98), and 9g/day resulted in an
RR=0.86 (95% CI 0.76-0.97), suggesting that low-to-moderate
drinking may be linked to a reduced RA risk. However, when
alcohol intake reached approximately 30g/day, the risk in-
creased (RR=1.28, 95% CI 0.94-1.73), indicating that beyond
a certain threshold, the protective effect disappears and may
even become harmful [8]. Furthermore, studies show that com-
pared to lifelong non-smokers, lower cumulative exposure (e.g.,
<10 pack-years) significantly increases RA risk (RR=1.26, 95%
CI 1.14-1.39), with higher exposure levels conferring an even
greater relative risk [9].

These examples illustrate how DRMA can transform qualitative
risk factors into quantifiable risk curves. Beyond RA, analogous
dose-response approaches have been applied to explore the re-
lationships between serum uric acid (SUA) levels and metabolic
syndrome risk [10], as well as between vitamin D status and
disease activity in SLE [11], suggesting that the methodology is
broadly applicable across the rheumatology spectrum.
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Metabolic abnormalities—including hyperuricemia, insu-
lin resistance, and obesity—are common in rheumatic and
immune diseases and can also trigger or worsen immune
dysregulation. Studies show that the risk of RA increases
progressively with each unit increase in body mass index
(BMI), although saturation or inflection points may occur at
very high or low BMI extremes [12]. Moreover, cohort stud-
ies demonstrate a dose-response relationship between each
1mg/dL increase in SUA and the risk of hypertension [13].
In clinical practice, patients frequently inquire about exercise
(“Can I exercise?”) and dietary restrictions (“What dietary
restrictions should I follow?”). However, vague recommenda-
tions like “moderate exercise” or a “healthy iet” are no longer
sufficient for modern patient care. Evidence-based medicine
can guide the development of non-pharmacological treatment
guidelines, providing clinicians with authoritative recommen-
dations to improve patients’ quality of life. Crucially, by utiliz-
ing DRMA, we can translate these broad lifestyle habits into
precise, quantifiable guidance based on definitive evidence.
This ability to define exact thresholds for benefit and harm
represents a critical step in transitioning rheumatology from
experiential medicine to true precision medicine.

Analyzing therapeutic dose—including initial dose, mainte-
nance dose, cumulative dose, and dosing frequency—as a con-
tinuous variable to investigate its dose-response relationship
with efficacy and safety is essential for integrating DRM A meth-
odology into clinical decision-making and dose optimization.
In early trials of new drugs for conditions such as SLE, dose-
response relationships often serve as a critical indicator. For
example, the Enpatoran Phase II trial reported dose-dependent
differences in skin and systemic scores (e.g., cutaneous lupus
erythematosus disease area and severity index (CLASI)) across
dose groups. This suggests that DRMA could be used in subse-
quent studies to combine dose group data from different trials
and reconstruct continuous curves [14]. Methotrexate (MTX)
remains a first-line conventional synthetic DMARD for RA,
but its starting dose and administration strategy remain con-
troversial. Initial doses vary widely across studies (7.5-25 mg/
week), and during short-term follow-up (12-24 weeks), higher
starting doses do not consistently improve clinical remission
rates such as those measured by the Disease Activity Score 28
(DAS28) or American College of Rheumatology 20% improve-
ment criteria (ACR20). However, gastrointestinal reactions and
elevated liver enzymes become more frequent with increasing
doses [15]. Subcutaneous administration also demonstrates
higher bioavailability and efficacy than oral administration
at equivalent nominal doses [16]. This evidence suggests that
MTX efficacy may plateau within the moderate dose range,
while toxicity risks continue to increase. We must emphasize
that this concurrent occurrence of a therapeutic efficacy pla-
teau and an increased toxicity profile directly challenges the
conventional clinical approach of simply escalating doses in
response to perceived treatment inadequacy.

In interpreting these findings, it is important to recognize that
DRMA typically synthesizes grouped data from published ob-
servational studies or trial reports, whereas dose optimization
in clinical practice ultimately relies on a broader evidence
base, including randomized dose-ranging trials, pharmacoki-
netic/pharmacodynamic (PK/PD) modeling, and continuous

safety monitoring. DRMA is well-suited for detecting patterns
and generating hypotheses across aggregated data, but its re-
sults should be viewed as complementary to—not a replace-
ment for—the confirmatory evidence derived from these other
approaches. Consequently, research and clinical communities
must shift their priorities toward continuous dose modeling
and parallel efficacy-safety assessments to identify the in-
dividualized minimum effective dose and toxicity inflec-
tion point, providing more precise evidence for personalized
treatment.

Although dose-response analysis is a powerful tool for un-
covering continuous and nonlinear relationships between
exposure intensity and rheumatic immune outcomes, several
interrelated challenges remain in its practical application,
requiring methodological improvements and changes in re-
search practices. During study design and data collection, it
is essential to prioritize collecting continuous exposure data
alongside median/mean dose information to support subse-
quent spline or first-order trend fitting [17]. Additionally, raw
dose tables should be publicly shared to facilitate evidence
synthesis, aligning with preferred reporting items for sys-
tematic reviews and meta-analyses (PRISMA) transparency
requirements [18]. Second, established dose-response model-
ing tools—such as the R package dosresmeta and multivari-
ate spline methods—should be widely adopted and promoted.
Publications should include full model code and sensitivity
analyses to enhance reproducibility. Third, we must issue a
clear methodological cautionary statement: DRMA primarily
reveals statistical associations between dosage and outcomes;
it does not, in itself, establish causality. To strengthen causal
inference, dose-response analysis should be combined with
independent causal evidence, such as Mendelian randomiza-
tion, stratified time series analysis, or natural experiments, to
bolster confidence in the causality of dose-outcome relation-
ships [19].

Just as the ancient adage “the dose determines the toxicity”
has renewed relevance in modern medicine, identifying dos-
age variations may be crucial for discovering disease turning
points in rheumatology and immunology research. To fully
realize the potential of DRMA and shift the paradigm of our
field, we call upon the academic community to undertake spe-
cific, actionable initiatives: (1) mandate the public sharing of
continuous dose data alongside traditional median/mean re-
porting in clinical trials; (2) integrate advanced dose-response
modeling training into epidemiological and rheumatology
fellowship programs; and (3) prioritize funding and editorial
support for studies that aim to define precise, individualized
therapeutic windows rather than those relying on traditional,
binary outcomes.
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ABSTRACT

Objective: To evaluate the relationship between biological ages and the prevalence and incidence of osteoarthritis (OA).
Methods: 332261 participants from UK Biobank were analyzed. Biological aging was measured using phenotypic age (PhenoAge)
and Klemera-Doubal (KDMAge). KDMAge was derived from nine clinical biomarkers to gauge system integrity decline, while
PhenoAge was computed from chronological age and nine clinical biomarkers to gauge mortality risk. Biological aging accelera-
tions were computed as residuals from regressing KDMAge and PhenoAge against chronological age. The associations between
biological aging and prevalence and incidence of OA were analyzed using logistic and Cox regression models.

Results: At baseline, 55.4% of included individuals had younger PhenoAge aging acceleration. In cross-sectional analyses, indi-
viduals with accelerated aging had higher odds of OA compared to those with non-accelerated aging (odds ratios [OR]: 1.12 [95%
CI: 1.09-1.14] for PhenoAge acceleration and 1.05 [1.03-1.08] for KDM Age acceleration). In the longitudinal analyses, increased
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PhenoAge acceleration was associated with a higher risk of incident OA (hazard ratios [HR]: 1.12 [1.10-1.15]). However, the

association between KDMAge acceleration and the incidence of OA was not statistically significant (HR: 0.99 [0.97-1.01]).

Accelerated biological aging showed a more pronounced association with OA among individuals > 60years. No additive or mul-
tiplicative interactions were found between OA polygenic risk score (PRS) and biological aging.

Conclusion: Advanced biological aging may increase the risk of OA, independent of OA genetic risk, particularly in individuals
aged over 60years. The two biological aging indicators hold potential as novel composite clinical biomarkers, directing preven-

tion and intervention strategies for high-risk populations for OA.

1 | Introduction

Osteoarthritis (OA) is the most common joint disease, typi-
cally affecting weight-bearing joints such as knees and hips [1].
Affecting approximately 500 million individuals worldwide, the
prevalence of OA is anticipated to rise mainly due to population
aging [2]. The pathogenesis of OA involves a complex interplay
of multiple risk factors, resulting in a lack of effective therapeu-
tic approaches [3]. Thus, identifying and quantifying modifiable
risk factors and enhancing OA surveillance represent crucial di-
rections in current OA research.

OA is a recognized degenerative condition, and its relationship
with chronological age has been well-established [4]. Since chrono-
logical age is an unmodifiable risk factor, identifying additional
modifiable predictive indicators is crucial for effective OA preven-
tion. Accelerated biological aging, or premature aging, along with
early declines in homeostasis, have been linked to certain mus-
culoskeletal diseases and increased mortality rates [5-7]. Previous
studies have suggested a connection between OA and accelerated
aging, but there is inconsistent evidence linking OA to physiologi-
cal age predicted by biomarkers of accelerated aging, such as telo-
mere length and DNA methylation [8-12]. Furthermore, the high
cost and time-intensive nature of molecular biomarker testing
make it impractical for routine use in large-scale populations or
clinical practice. To identify more clinically practical predictive in-
dicators, we focus on two validated algorithms that reliably predict
mortality and physical health [13, 14]: Phenotype age (PhenoAge),
which is derived from both age and nine plasma proteomic bio-
markers [15], and Klemera-Doubal's biological age (KDMAge), a
model primarily based on fundamental physiological parameters
and cardiovascular function using nine clinical biomarkers [16],
have both shown promise in this regard.

Recent studies have revealed that central obesity contributes to an
increased risk of OA, with accelerated biological aging serving as a
mediating factor in this association [17]. Cross-sectional data from
the National Health and Nutrition Examination Survey demon-
strated that accelerated biological aging was associated with an
increased prevalence of OA, particularly among females and older
adults [18]. Prospective studies are needed to elucidate the rela-
tionship between biological age and OA incidence.

Therefore, we aimed to conduct a prospective cohort study
based on the UK Biobank database to explore the relationship
between PhenoAge and KDMAge, two common biological
ages, and the prevalence and incidence of OA. Additionally,
we further examine the interaction between the polygenic risk
score (PRS) of OA and biological age as determined by these
algorithms.

2 | Methods
2.1 | Study Design and Population

The UK Biobank is a large prospective study that recruited over
500000 participants aged 37 to 73years from 2006 to 2010 across
22 assessment centers throughout the UK, with a mean follow-up
of 9.0years. The information of each participant was collected
from self-completed questionnaires, physical measures and
computer-assisted interviews at baseline and follow-up, including
demographic characteristics, lifestyles and biological samples [19].
Written consent was obtained from all participants, and the North
West Multi-Centre Research Ethics Committee granted ethical
approval. In our study (Figure S1), we first included 332261 par-
ticipants from the UK Biobank who had accessible data on clinical
biomarkers and their OA status for cross-sectional analysis. We
then excluded 36463 participants with OA at baseline to analyze
the association between biological aging and the incidence of OA.
Finally, 2097 participants lacking genetic data were excluded, and
the association between the PRS and OA was calculated.

2.2 | Biological Age and Age Acceleration

We calculated two biological ages, PhenoAge and KDMAge.
PhenoAge relied on chronological age and nine multi-system
clinical chemistry biomarkers (mean cell volume, albumin, al-
kaline phosphatase, creatinine, glucose, red cell distribution
width, C-reactive protein, lymphocyte percent, and white blood
cell count) [15]. KDMAge was based on nine clinical biomarkers
(FEV1, systolic blood pressure, concentrations of albumin, alka-
line phosphatase, blood urea nitrogen, glycosylated hemoglobin,
creatinine, C-reactive protein, and total cholesterol) [16]. The
two biological ages both used the National Health and Nutrition
Examination Survey III (NHANES III) as the training sample,
but they had different meanings. KDMAge was calculated to
measure the deterioration of system integrity, while PhenoAge
was computed from the Gompertz proportional hazard model
to assess the risk of mortality [16-20]. The difference between
biological age and chronological age may vary. Thus, we re-
gressed the biological age value with the chronological age at
which biomarkers were measured and calculated the residual
value (named biological aging acceleration). The values >0 were
classified as biologically older than chronological age, while
values <0 were considered biologically younger. Then, we stan-
dardized the biological aging acceleration, which is the original
value minus the mean and then divided by the standard devia-
tion (named PhenoAge AAsd and KDMAge A Asd), setting their
mean to 0 and standard deviation (SD) to 1, and divided them
into quartiles [21].
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2.3 | Ascertainment of OA

OA was determined through diagnoses derived from self-
reports, primary care records, hospital inpatient records, or
death data, utilizing International Classification of Diseases 9th
edition and 10th edition in UK Biobank (Table S1).

2.4 | Polygenic Risk Score of OA

The GO-Consortium conducted a meta-analysis for total OA
while excluding participants from UK Biobank cohorts due to
the potential impact of UK Biobank on effect estimates in the
original genome-wide association studies (GWAS). A set of
161 independent SNPs, identified through GWAS and char-
acterized by low linkage disequilibrium (LD) with r*<0.05,
was chosen to construct a PRS (Table S2). The weighted poly-
genic risk score (WPRS) was computed using the formula:
WwPRS = Zf ( B; X dosageij), where ,B’j represents the per allele ef-
fect size obtained from the GWAS. They were then divided into
two categories (low and high) and five categories (low [lowest
quintile], intermediate [quintile 2-4] and high [highest quin-
tile] risk).

2.5 | Covariates

We included age (continuous), sex (female or male), body mass
index (BMI) (underweight, normal, overweight, and obesity),
race (mixed, African/Black, East Asian, European/White, South
Asian,and unknown), Townsend deprivation index (continuous),
education levels (higher or lower) [22], healthy diet (yes or no)
[23], smoking status (never, former, or current), drinking status
(never, former, or current), history of joint injury (yes or no) [24],
regular physical activity (yes or no), and glucosamine use (yes
or no). BMI was calculated by a well-trained nurse at baseline by
measuring height and weight, dividing weight (in kilograms) by
the square of height (in meters). The participants were then clas-
sified into underweight (BMI< 18), normal (BMI 18-25), over-
weight (BMI 25-30), and obese (BMI>30). Education level was
obtained through the questionnaire, and higher education level
was defined as college or university degree; lower was defined as
A levels, O levels, Certificates of Secondary Education, National
Vocational Qualifications, or others [22]. History of joint injury
was determined by the presence of a diagnosis in electronic
health records from hospital admissions (ICD-10 codes: S700,
S710, S73, S760, S800, S810, S820, S83, S870). Regular physical
activity status was characterized as follows: engaging in moder-
ate activity for > 150 min per week, vigorous activity for > 75min
per week, or a combination of moderate and vigorous activities
totaling 150 min per week [24]. The assessment of physical ac-
tivity utilized Metabolic Equivalent Task (MET) minutes, based
on selected items from the short International Physical Activity
Questionnaire (Table S3).

2.6 | Statistical Analyses
The baseline characteristics of the samples were overviewed

considering the entire population between PhenoAge acceler-
ation <0 and PhenoAge acceleration > 0. Categorical variables

were presented as percentages, while continuous variables were
expressed as means and standard deviations (SDs). The missing
values of the independent covariates were imputed using multi-
ple imputations via chained equations [25]. First, we employed
logistic regression to estimate the odds ratio (OR) and 95% con-
fidence interval (CI) between two biological aging accelerations
(including continuous, quartiles, and age acceleration after stan-
dardization) and the prevalence of OA. The analysis also con-
sidered increments of 5- and 10-year increases for continuous
variables. Model 1 was adjusted for age, sex, and BMI. Model 2
was additionally adjusted for race, Townsend deprivation index,
education level, healthy diet, smoking status, alcohol drinker
status, regular physical activity, history of joint injury, and glu-
cosamine use. Second, the Cox proportional hazards model was
used to estimate the HR and 95% CI between biological aging ac-
celerations and the incidence of OA after excluding participants
who had OA at baseline.

To identify subgroups of OA patients in whom the impacts of
biological aging accelerations were particularly significant, we
conducted stratified analyses based on age (<60 vs.> 60years),
gender (female vs. male), BMI (<30 vs. >30kg/m?), and wPRS
reflecting OA genetic predisposition (low vs. intermediate vs.
high). The multiplicative and additive interactions between
wPRS and two biological aging accelerations were examined
using Cox proportional hazards regression. Relative excess risk
(RERI) and attributable proportion (AP) were performed with
the aim of gauging additive interactions [26]. In the absence of
additive interaction, the 95% CI for both the RERI and AP would
include 0. The dose-response relationships between biological
aging and the risk of OA were assessed by fitting a flexible re-
stricted cubic spline (RCS) regression.

We also performed several sensitivity analyses: First, partici-
pants who experienced the outcome within 2years of follow-up
were excluded from the prospective analysis to address the po-
tential for reverse causality. Second, our analysis was further
restricted to participants with complete covariate information
for comparison with estimation-based results. Finally, we used
mortality as a competing risk event and employed a competing
risk model to calculate the relationship between two biological
ages and the incidence of OA. All analyses were performed with
R software (version 4.2.2).

3 | Results

3.1 | Characteristics and Biological Ages
of Participants

The baseline characteristics of participants and the flowchart for
selecting study participants are shown in Table 1 and Figure 1.
In a cohort of 502411 participants from the UK Biobank, we
included 332261 individuals with available clinical biomarker
information on biological aging for cross-sectional analysis.
Participants were stratified based on whether PhenoAge indi-
cated a biologically younger status compared to their chrono-
logical age, resulting in biologically younger (n=183912) and
biologically older (n=148349) groups. Despite both groups
having similar mean chronological ages (56.4years), there was
a notable difference of 6.61years in PhenoAge and 1.52years
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TABLE1 | Baseline characteristics of study participants.

Biologically younger?, Biologically older®,

Characteristics Total, n=332261 n=183912 n=148349 p*
Age (years), mean (SD) 56.41 (8.10) 56.41 (7.94) 56.41 (8.28) 0.890
Biological ages (years), mean (SD)

PhenoAge 50.47 (9.34) 47.52 (8.25) 54.13 (9.32) <0.001

PhenoAge acceleration 0.00 (4.47) —2.95(2.06) 3.66 (3.92) <0.001

KDMAge 55.16 (8.89) 54.48 (8.64) 56.00 (9.12) <0.001

KDMAge acceleration 0.00 (3.84) —0.68 (3.54) 0.84 (4.03) <0.001
Sex (male) 179494 (54.0%) 109051 (59.3%) 70443 (47.5%) <0.001
Race (White) 31379 (94.5%) 175296 (95.3%) 138683 (93.5%) <0.001
BMI (kg/cm?), mean (SD) 27.35 (4.71) 26.62 (4.14) 28.25(5.19) <0.001
Education (height qualification), 108567 (32.7%) 64295 (35.0%) 44272 (29.8%) <0.001
mean (SD)
Townsend deprivation index —0.95(3.34) -1.22(3.25) —0.63(3.42) <0.001
Healthy diet 81929 (24.7%) 48510 (26.4%) 33419 (22.5%) <0.001
Regular physical activity 194104 (58.4%) 110067 (59.8%) 84037 (56.6%) <0.001
Glucosamine use (yes) 64165 (19.3%) 39412 (21.4%) 24753 (16.7%) <0.001
Smoking status

Never 183342 (55.2%) 107921 (58.7%) 75421 (50.8%) <0.001

Previous 114927 (34.6%) 64291 (35.0%) 50636 (34.1%)

Current 33992 (10.2%) 11700 (6.4%) 22292 (15.0%)
Drinking status

Never 14298 (4.3%) 7211 (3.9%) 7087 (4.8%) <0.001

Previous 11371 (3.4%) 5442 (3.0%) 5929 (4.0%)

Current 306592 (92.3%) 171259 (93.1%) 135333 (91.2%)
History of joint injury 2018 (0.6%) 993 (0.5%) 1025 (0.7%) <0.001
Components of biological ages

FEV1 (mL)° 2821.82 (803.06) 2838.00 (796.76) 2801.76 (810.36) <0.001

SBP (mm Hg)* 139.63 (19.56) 138.91 (19.47) 140.52 (19.63) <0.001

Total cholesterol (mg/dL) 220.56 (43.97) 224.48 (43.14) 215.70 (44.49) <0.001

Glycated hemoglobin (%)° 5.44 (0.60) 5.34(0.40) 5.58 (0.75) <0.001

Blood urea nitrogen (mg/dL)® 15.11 (3.83) 14.84 (3.35) 15.45 (4.32) <0.001

Lymphocyte (%) 28.99 (7.43) 30.96 (6.99) 26.54(7.23) <0.001

Mean cell volume (fL)4 82.80 (5.30) 81.58 (4.59) 84.32(5.71) <0.001

Serum glucose (mmol/L)d 5.11 (1.20) 4.90 (0.61) 5.38 (1.62) <0.001

Red cell distribution width (%)% 13.47 (0.96) 13.08 (0.55) 13.96 (1.13) <0.001

White blood cell count (1000 cells/ 6.86 (1.91) 6.26 (1.38) 7.60 (2.20) <0.001

uL)

Albumin (g/L)%4 45.27 (2.60) 45.79 (2.48) 44.63 (2.61) <0.001

Creatinine (mg/dL)>d 0.82 (0.19) 0.78 (0.14) 0.86 (0.22) <0.001

(Continues)
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TABLE1 | (Continued)
Biologically younger?, Biologically older®,
Characteristics Total, n=332261 n=183912 n=148349 p*
C-reactive protein (mg/dL)*¢ 0.19 (0.22) 0.14 (0.14) 0.26 (0.27) <0.001
Alkaline phosphatase (U/L)4 83.22(25.84) 79.44 (21.00) 87.90 (30.16) <0.001

Abbreviations: BMI, body mass index; CI, confidence interval; HR, hazard ratio; KMDAge, Klemera-Doubal method biological age; OA, osteoarthritis; PhenoAge,

phenotypic age; SD, standard deviation.

2participants were divided by whether PhenoAge indicated a biologically younger status compared to their chronological age, using analysis of the ¢-test for continuous

variables and using the Pearson Chi-squared test for categorical variables.

bBiologically younger was defined as PhenoAge acceleration <0; Biologically older was defined as PhenoAge acceleration > 0.

“Employed to construct KDMAge.
dEmployed to construct PhenoAge.

in KDMAge between the two groups. Compared to biolog-
ically older individuals, participants categorized as biologi-
cally younger tended to be male, White, had lower Townsend
Deprivation Index scores and lower BMI, were more likely to
be non-current smokers, maintaining a healthy diet, engaged
in regular physical activity, were current alcohol consumers,
used joint supplements, and were less likely to have a history of
joint injuries. For prospective analysis, we included 295798 UK
Biobank participants who did not have OA at baseline. Over a
median follow-up period of 12.5years, from 2006 to 2021, 42 534
cases of OA were documented (data not shown).

3.2 | Biological Aging and Prevalence of OA at
Baseline

Cross-sectional analyses suggested that participants with
PhenoAge acceleration valued 1-SD older than the expectation for
their chronological age had 8% higher odds of OA at baseline (OR,
1.08; 95% CI, 1.07-1.10; p<0.0001; Table 2). Compared to the bio-
logically younger group, the biologically older group was signifi-
cantly associated with OA prevalence (OR, 1.12;95% CI, 1.09-1.14;
p<0.0001; Table 2). Furthermore, each 5- or 10-year increase in
PhenoAge acceleration was significantly associated with a 9% or
20% increase in odds of OA at baseline (Table 2). A significant gra-
dient increase in OA prevalence was observed across quartiles 1-4
of PhenoAge acceleration, with a p for trend <0.0001 (Figure 1).
Besides, compared with participants of low accelerated aging (the
bottom quintile of PhenoAge acceleration), those in the high accel-
erated aging group (top quintile) had a higher odd of OA (OR, 1.21;
95% CI, 1.17-1.25; p<0.0001; Figure 1). Similarly, KDMAge accel-
eration was significantly associated with a higher prevalence of
OA, with participants having a 4% higher odd of OA when exceed-
ing 1-SD above the expected chronological age (OR, 1.04; 95% CI,
1.03-1.05; p<0.0001). In dose-response analysis, we found that
the prevalence of OA increased monotonically with the increase
of KDMAge acceleration. In contrast, the pattern for PhenoAge
acceleration was complex, being non-linear and non-monotonic
(Figure 2).

3.3 | Biological Aging and Incident OA Over
Follow-Up

For the association between biological aging and the risk of
incident OA, the prospective analysis revealed that for a 1-SD
increase of PhenoAge acceleration, the risks of incident OA

increase by 8% (HR, 1.08; 95% CI, 1.07-1.09; p <0.0001; Table 2)
respectively. Besides, individuals with PhenoAge accelerated
aging faced significantly increased risks of OA incidence com-
pared to those classified into biologically younger groups (HR,
1.12; 95% CI, 1.10-1.15; p<0.0001). Compared to the low ac-
celeration group (bottom quartile of PhenoAge acceleration),
participants in the moderate acceleration (50%-75%) and high
acceleration (top quartile) groups had higher risks of inci-
dent OA, with HRs of 1.04 (95% CI, 1.01-1.07, p<0.0001) and
1.19 (95% CI, 1.16-1.22, p<0.0001), respectively (Figure 1).
Additionally, each 5- or 10-year increase in PhenoAge acceler-
ation was associated with a 9% or 19% rise in incident OA risk
(Table 2). Meanwhile, a significant gradient increase in inci-
dent OA risk with PhenoAge acceleration was observed from
the lowest to the highest quartiles, with a p for trend <0.0001
(Figure 1). As shown in Figure 2, in dose-response analysis, we
found a complex relationship between PhenoAge acceleration
and the risk of incident OA, where PhenoAge acceleration stan-
dardized to below —2.05 or above —0.08 both increases the risk
of incident OA. Unlike PhenoAge acceleration, KDMAge accel-
eration was not associated with the risk of incident OA in fully
adjusted models.

3.4 | Subgroup Analysis and Sensitivity Analysis

In the subgroup analysis, we observed stronger associations
between PhenoAge acceleration and the risk of incident OA
in participants aged over 60 compared to younger participants
(Table 3). The interactions between PhenoAge acceleration
and KDMAge acceleration in other cross-sectional and lon-
gitudinal subgroup analyses based on age, gender, and BMI
were not statistically significant. In the three-category anal-
ysis of wPRS, individuals with PhenoAge accelerated aging
showed increased risks in both the prevalence and incidence
of OA compared to those without PhenoAge accelerated aging.
These associations were consistent across low, intermediate,
and high levels of wPRS (Table 4), and similar results were
observed in the two-category analysis of wPRS (Tables S4
and S5).

In the interaction analysis, we did not observe multiplicative
interactions between wPRS and two biological ages on the in-
cidence of OA. We also did not observe any additive interac-
tion effects. Specifically, for people with accelerated aging in
PhenoAge who have a high genetic risk, the RERI is 0.06 (95%
CI, —0.004, 0.13). The same applies to people with accelerated
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Qutcomes

Exposure

PhenoAge acceleration (Quartiles)

Odds Ratio(95%Cl)

Hazard Ratio(95%Cl)

Q1 t 1(reference) t 1(reference)
Q2 het 1.02(0.98,1.05) H 1.00(0.97,1.02)
Q3 bt 1.04(1.00,1.07) ™ 1.04(1.01,1.07)
Q4 1.21(1.17.1.25) b 1.19(1.16,1.22)
i p for trend<0.0001 E p for trend<0.0001
KDMAge acceleration (Quartiles) | H
a * 1(reference) 4 1(reference)
Q2 i 1.03(0.99,1.06) a3 1.00(0.97.1.03)
Q3 "* 1.04(1.01, 1.08) “" 0.98(0.95,1.00)
Q4 ! 1.10(1.06, 1.14) L4 1.00(0.95,1.03)
i p for trend<0.0001 E p for trend=0.72
05 1 125 15 05 1 125 15

FIGURE1 | Association between PhenoAge/KDMAge acceleration and OA. KMDAge, Klemera-Doubal method Biological Age; OA, osteoarthri-

tis; PhenoAge, phenotypic age.

TABLE 2 | Association between biological age acceleration and risk of prevalent (odds ratio) and incident (hazard ratio) OA.

Odds ratio (95% CI)

Hazard ratio (95% CI)

Model 1

Model 2

Model 1 Model 2

PhenoAge acceleration

Continuous
Phenoge AAsd

Accelerated aging

1.02 (1.01, 1.02)
1.08 (1.07, 1.09)

<0 1 (reference)

>0 1.11 (1.09,1.14)
Per 5-year 1.09 (1.07,1.10)
Per 10-year 1.18 (1.15,1.21)

KDMAge acceleration
Continuous
KDM AAsd

Accelerated aging

1.01 (1.01, 1.01)
1.04 (1.02, 1.05)

1.02 (1.02, 1.02)
1.08 (1.07, 1.10)

1 (reference)
1.12 (1.09, 1.14)
1.09 (1.08, 1.11)
1.20 (1.17, 1.23)

1.01 (1.00, 1.01)
1.04 (1.03, 1.05)

1 (reference)
1.05 (1.03, 1.08)
1.05 (1.04,1.07)
1.11 (1.07, 1.14)

1.02 (1.02, 1.02)
1.08 (1.07, 1.09)

1 (reference)
1.14 (1.11, 1.16)
1.09 (1.08, 1.11)
1.20 (1.17, 1.22)

1.00 (1.00, 1.01)
1.02 (1.01, 1.03)

1 (reference)
1.01(0.99, 1.03)
1.02 (1.01, 1.04)
1.05 (1.02, 1.07)

1.02 (1.02, 1.02)
1.08 (1.07, 1.09)

1 (reference)
1.12 (1.10,1.15)
1.09 (1.08, 1.10)
1.19 (1.16, 1.21)

1.00 (1.00, 1.01)
1.01 (1.00, 1.02)

1 (reference)
0.99 (0.97, 1.01)
1.01 (1.00, 1.02)
1.02 (0.99, 1.05)

<0 1 (reference)

>0 1.05 (1.02, 1.07)
Per 5-year 1.05 (1.03, 1.06)
Per 10-year 1.10 (1.06, 1.13)

Note: Model 1 was adjusted for age, sex, and body mass index. Model 2 was adjusted for age, sex, body mass index, race, Townsend deprivation index, education level,
healthy diet, smoking status, alcohol drinker status, regular physical activity, joint injury, and glucosamine use. Model 2 was adjusted for age, sex, body mass index,
race, Townsend deprivation index, education level, healthy diet, smoking status, alcohol drinker status, regular physical activity, joint injury, and glucosamine use.
Phenoge A Asd: Phenoage acceleration after standardizing; KDM A Asd: KDMAge acceleration after standardizing. PhenoAge/KDMAge acceleration aging >0 were
classified as biologically older than chronological age; PhenoAge/KDMAge acceleration aging <0 were considered biologically younger. Bold denotes statistically

significant.

Abbreviations: KMDAge, Klemera-Doubal method biological age; OA, osteoarthritis; PhenoAge, phenotypic age.

aging in KDMage, with an RERI of 0.02 (95% CI, —0.04, 0.08)
(Table S6).

Furthermore, we conducted three additional sensitivity analy-
ses. First, we repeated the incidence analysis by restricting the
sample to participants excluding patients who had incident OA
within the first 2years, and the effect size remained consistent

with the main analyses (Table S7). Second, we excluded par-
ticipants with missing covariates at baseline. In the cross-
sectional analysis, the effect sizes of PhenoAge acceleration
and KDMAge acceleration increased, corresponding to a 23%
and 13% increase, respectively, in the odds of OA at baseline for
each 10-year increment (PhenoAge: OR, 1.23; 95% CI, 1.18-1.27;
KDMAge: OR, 1.13; 95% CI, 1.08-1.19, respectively; Table S8).
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Graphs of the best fitting models for relationships of PhenoAge acceleration and KDMAge acceleration with risk of OA prevalence

(odds ratio) and incidence (hazard ratio) Panels: odds ratio (a-c) and hazard ratio (b-d); PhenoAge acceleration (a, b) and KDMAge acceleration (c,
d). Solid line: point estimation; ribbons: the 95% confidence limits; restricted cubic spline regression model adjusted for age, sex, body mass index,

race, Townsend deprivation index, education level, healthy diet, smoking status, alcohol drinker status, regular physical activity, joint injury, and

glucosamine use. KMDAge, Klemera-Doubal method biological age; OA, osteoarthritis; PhenoAge, phenotypic age.

Third, we repeated the longitudinal analysis using a competing
risk model. Although the effect size of PhenoAge acceleration
on the risk of incident OA was slightly attenuated, it remained
statistically significant (Table S9).

4 | Discussion

In this study, we conducted cross-sectional and prospective
analyses to explore the relationship between accelerated bi-
ological aging measured by PhenoAge and KDMAge, and the
risk of OA. We found that accelerated PhenoAge aging was
significantly associated with both the prevalence and inci-
dence of OA, while accelerated KDMAge aging was only as-
sociated with the prevalence of OA. Importantly, the wPRS
for OA did not exhibit multiplicative or additive interactions
with either biological aging accelerations. We also found that

the relationship between biological age and OA was more
pronounced in individuals aged over 60years. The findings
suggest that early identification of individuals exhibiting ac-
celerated biological aging may facilitate early detection, pre-
vention, and management of OA.

Studies examining the association between PhenoAge or
KDMAge accelerations and various diseases, including depres-
sion, anxiety [21], cancer [27], theumatoid arthritis [7], child-
hood adversity [28], and chronic respiratory diseases [29], have
been conducted in the UK Biobank. Those with biological accel-
erated age tend to have higher incidence rates of the above dis-
eases. The latest research indicates that accelerated biological
aging is significantly associated with the incidence of muscu-
loskeletal disorders [6]. A research from He and colleagues [18]
has shown that adults with accelerated biological aging have an
increased risk of the OA prevalence. To our knowledge, this is
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the first study to investigate the role of PhenoAge and KDMAge
accelerations in the development of OA.

Increasing evidence suggests that OA is not simply a “wear and
tear” disease caused solely by chronic loading and biomechan-
ical joint damage, but rather a more complex process involv-
ing metabolic and inflammatory factors [30, 31]. Studies have
demonstrated the associations between OA and several compo-
nents of metabolic syndrome, such as hypertension, type 2 dia-
betes, and serum cholesterol elevation, independent of obesity or
any other known risk factors for OA. Additionally, both in vitro
and in vitro findings indicate a deleterious effect of lipid and
glucose abnormalities on cartilage homeostasis [32]. As some
biomarkers used to construct biological age (e.g., SBP, choles-
terol, glycated hemoglobin) are highly correlated with metabolic
health and inflammation, it is reasonable that biological aging
acceleration can predict the incidence and prevalence of OA
[33]. Additionally, the components of biological age include in-
flammation markers that have been confirmed to be associated
with OA and pain, including C-reactive protein and white blood
cell count [34]. Therefore, PhenoAge and KDMAge are calcu-
lated based on blood-based indicators, providing two minimally
invasive methods to determine biological age, making them
promising candidate predictive biomarkers for OA. The findings
also offer potential avenues for OA prevention and intervention.
Monitoring these blood-based biological age indicators may
allow for earlier identification of high-risk individuals, enabling
the implementation of targeted interventions to delay or prevent
the onset and progression of OA. Furthermore, studies have
found that adopting a healthy diet, increasing physical activity,
quitting smoking, maintaining appropriate sleep duration, and
managing body weight can effectively mitigate biological aging,
which offers potential for OA prevention [35-37].

In the subgroup analyses, we observed a more prominent as-
sociation between biological aging acceleration and a higher
incidence of OA in individuals aged over 60, indicating a need
for increased attention to aging acceleration in the older popu-
lation. Our study is the first to evaluate the potential interaction
between biological aging and genetic susceptibility to OA. We
did not observe additive or multiplicative interactions between
biological aging acceleration and genetic risk of OA, suggesting
changes in biological aging status may serve as an indepen-
dent risk factor for OA, regardless of genetic susceptibility. The
strengths of the present study include a large-scale prospective
study with a substantial sample size. Clinical biomarkers, as eas-
ily accessible and objectively measurable indicators, could offer
more precise predictions.

Our study also has limitations. First, the biological markers
were only available at baseline, which limited our ability to
observe the relationship between changes in biological aging
indicators and OA. Second, most of the population in the UK
Biobank database was of White ethnicity, necessitating fur-
ther research to ascertain if our results can be generalized to
other populations. Third, our study was observational, and
causality between biological aging and OA cannot be estab-
lished. However, the results remained consistent even after
excluding participants who developed OA within 2years,
which further helps mitigate the potential for reverse cau-
sality. Fourth, the diagnosis of OA in the UK Biobank relied

on physician diagnosis. This could underestimate OA's prev-
alence and incidence, potentially introducing bias. Last, the
associations between biological aging and OA at different sites
could vary; however, this study is unable to identify different
OA phenotypes.

5 | Conclusions

In summary, our study revealed significant associations be-
tween accelerated biological aging and OA prevalence, partic-
ularly among individuals over 60years old, independent of OA
genetic susceptibility. The two biological aging indicators hold
potential as novel composite clinical biomarkers, directing pre-
vention and intervention strategies for high-risk populations
for OA.
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A Case of Lower Limb Vasculitis Associated with Temporal Arteritis
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Background

Muscle involvement is not a typical manifestation of systemic vasculitis; however, it has been occasionally reported. In most cases,
muscle inflammation is secondary to medium- or small-vessel vasculitis, whereas the involvement of large vessels in muscles remains
extremely rare. We report a rare case of lower limb vasculitis associated with giant cell arteritis (GCA), where histopathological find-
ings from a temporal artery biopsy were consistent with GCA, and inflammatory changes around the muscles of the lower limbs were
detected by magnetic resonance imaging (MRI).

Case

A 77-year-old woman with a history of systemic sclerosis, diabetes mellitus, and right superficial femoral artery occlusion was ad-
mitted to our hospital with a persistent headache and fever of unknown origin. Although no tenderness or diminished pulsation of
the temporal arteries was observed, thickening of the left superficial temporal artery was observed. Laboratory tests revealed leuko-
cytosis (21,300/uL) and a markedly elevated C-reactive protein (CRP) level of 15.19 mg/dL, with no elevation of creatine kinase (CK)
or serological evidence suggestive of myositis. MRI of the lower limbs demonstrated T2-weighted hyperintensity around the muscles
of both lower limbs, predominantly on the left side. Temporal artery biopsy showed lymphocyte-dominant infiltration of the arte-
rial wall with intimal thickening, consistent with GCA. Following admission, the inflammatory response spontaneously improved.
However, owing to poor glycemic control, non-steroidal anti-inflammatory drugs (NSAIDs) were initiated, and methotrexate (MTX)
was introduced as an immunosuppressive agent.

Discussion

This case highlights a rare instance of GCA with associated lower limb vasculitis diagnosed during evaluation of fever of unknown
origin (FUO). The patient met four of the five diagnostic criteria established by the American College of Rheumatology (ACR) in
1990: age >50years at disease onset, new-onset headache, erythrocyte sedimentation rate (ESR) >50mm/h, and abnormal findings
on temporal artery biopsy. Myositis associated with GCA is a rare clinical entity, and cases with MRI-confirmed findings are rare.
This case underscores the importance of considering muscle involvement in GCA, and highlights the potential role of imaging in
detecting this rare complication.
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To the Editor,

We read with great interest the systematic review by Barile and
colleagues [1] on artificial intelligence (AI) applications in rheu-
matology. The review provides a valuable synthesis of a rapidly
expanding field, and we commend the authors for their compre-
hensive coverage. We wish to offer two observations that may
further strengthen the clinical interpretability of their findings.

First, the review appropriately notes that “most studies exhibit
a moderate-to-high risk of bias,” yet the performance estimates
in the summary table are reported without corresponding risk-
of-bias (RoB) ratings. The authors cite evidence showing formal
RoB assessment may meaningfully shift how AI performance
data are interpreted. A referenced systematic review of machine
learning in rheumatoid arthritis revealed moderate-to-high bias
risk in most formally assessed models [2]. The authors also rec-
ommend that frameworks such as PROBAST can “temper the
optimistic performance estimates that characterize much of the
current literature” [3, 4]. Adding a RoB rating column to the ex-
isting summary table would allow readers to weigh the reported
AUCs against study quality, directly aligning the review's pre-
sentation with the methodological standards it advocates.

Second, the aggregated performance metrics in the summary
table combine technical endpoints (e.g., radiographic scoring
accuracy) and clinical outcomes (e.g., flare prediction, treatment
response), with no clear separation between the two [1]. Notably,
the authors astutely observe in their Practitioner Points that evi-
dence linking AT deployment to better patient outcomes remains
scarce, and prospective studies verifying measurable gains in
clinical endpoints are lacking. This observation is valuable, and
its impact could be further enhanced by operationalizing it in

the results table. Adding a column classifying each study's end-
point as “technical” or “clinical” would give readers a clearer
picture of where AI has demonstrated robust technical per-
formance versus where prospective validation against patient-
centered outcomes is still needed.

Each of these suggestions can be implemented using data al-
ready extracted by the authors and would require only minimal
additions to the existing summary table. We thank the authors
for their important contribution and hope these observations are
received in the constructive spirit in which they are offered.
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1 | Introduction

The management of psoriatic disease is at a transformative
crossroads, shifting from reactive symptom control to proactive
“disease interception” [1]. Psoriatic arthritis (PsA) develops in
up to one-third of people with psoriasis, often following a pro-
longed subclinical phase that offers a unique window of oppor-
tunity for intervention. Despite this, diagnostic delays exceeding
2years remain common, leading to irreversible joint damage
and long-term disability. As we move toward a secondary pre-
vention paradigm, we must address the fundamental challenges
of defining the target, stratifying risk, and establishing robust
trial endpoints.

2 | Defining the Moving Target: Subclinical vs.
Very Early PsA

A major challenge in interception is the lack of consensus on
how to define the transition from psoriasis to PsA. For clinical
practice and trial design, clear operational definitions are vital.
“Subclinical PsA” typically denotes the presence of immuno-
logical or imaging-confirmed inflammation in individuals
without clinical musculoskeletal symptoms. In contrast, align-
ing with the recent conceptual framework proposed by Ciccia
and colleagues [2], “very early PSA” should be defined by the
crucial threshold where subtle clinical musculoskeletal symp-
toms (such as mild arthralgia or early tenderness) co-occur
with inflammation confirmed on imaging, prior to meeting

the full Classification Criteria for Psoriatic Arthritis (CASPAR)
[2, 3]. Current frameworks, such as those proposed by the
European Alliance of Associations for Rheumatology (EULAR)
and the Psoriasis and Psoriatic Arthritis Clinics Multicenter
Advancement Network (PPACMAN), have historically differed
in how they classify these stages [3]. Recent epidemiological
insights suggest that harmonizing these definitions by focus-
ing on this intrinsic biological transition is essential to ensure
that interception trials are biologically grounded and ethically
robust [4].

3 | Risk Stratification: Identifying the “Who”

Effective interception requires identifying people at the highest
risk of imminent transition. Clinical risk models utilize factors
like psoriasis severity, nail involvement, and obesity to estimate
risk. However, even at maximum risk, the 1-year absolute pre-
dicted probability remains modest. To improve precision, we
must integrate these clinical markers with dynamic biological
signals. Retrospective cohort studies utilizing the TriNetX net-
work—employing rigorous propensity score matching to adjust
for baseline demographics and medication use—have high-
lighted that comorbidities such as Type 2 diabetes and fatty liver
significantly elevate transition risk, reinforcing the need for a
multimodal approach [5]. Furthermore, the role of HLA-B27 as
a marker for specific endotypes suggests that genetic suscepti-
bility provides a fixed background risk that interacts with time-
varying exposures [5].

© 2026 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.

All rights reserved, including rights for text and data mining and training of artificial intelligence technologies or similar technologies.

International Journal of Rheumatic Diseases, 2026; 29:¢70858
https://doi.org/10.1111/1756-185x.70858

1of2


https://doi.org/10.1111/1756-185x.70858
https://orcid.org/0000-0002-8285-1700
https://orcid.org/0009-0002-6494-0993
https://orcid.org/0000-0002-1235-0679
mailto:jccwei@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1756-185x.70858&domain=pdf&date_stamp=2026-09-09

4 | Measuring Progression: Imaging and Digital
Biomarkers

The choice of trial endpoints remains a significant challenge.
While PsA incidence (CASPAR-defined) is the most reliable out-
come, its low conversion rate requires large sample sizes. As a
result, there is strong interest in surrogate endpoints like mus-
culoskeletal ultrasound. Recent real-world data suggest that IL-
23 inhibitors might be associated with a lower risk of incidental
PsA compared to IL-17 inhibitors [6]. However, it is crucial to
acknowledge that these findings stem from observational ret-
rospective cohorts; their inherent nature introduces potential
confounding by indication, necessitating robust prospective val-
idation [6].

Beyond imaging, “digital phenotyping” via actigraphy-derived
physical activity levels and circadian rhythm parameters is a
sensitive indicator of disease activity and patient-reported im-
pact [7]. By capturing real-world movement patterns, wearable
sensors can detect subtle functional declines long before overt
synovitis appears. Rather than relying on theoretical digital
algorithms, the current priority in rheumatology must remain
strictly on clinical precision, aggressive early intervention, and
acute pain management to prevent functional decline [7].

5 | Ethical Considerations and the Patient
Perspective

The decision to intercept must be patient-centered. Surprisingly,
the majority of individuals with psoriasis are willing to consider
preventive pharmacological therapy, provided the risk reduc-
tion justifies the potential side effects [1]. However, this willing-
ness is sensitive to perceived risk. As we approach 2028, when
results from trials evaluating early interventions are expected,
we must develop ethical guidance for preventive therapy [4].
We must ensure that we are not over-treating stable subclinical
states but rather intercepting those on a definitive path to joint
destruction.

6 | Conclusion: A Roadmap for IJRD

The path toward intercepting PsA is shifting from conceptual
models to evidence-based practice. For readers of IIRD, the mes-
sage is clear: the “window of opportunity” is no longer just about
early treatment of established disease, but about preventing the
disease from taking hold and becoming entrenched. By unifying
our definitions, integrating multimodal risk models, and prior-
itizing clinical precision, we can finally change the natural his-
tory of psoriatic disease.
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Dear Editor,

We read with interest the study by Jhou and colleagues, who
evaluated four complete blood count (CBC)-derived indi-
ces—the neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR), systemic immune-inflammation index
(SII), and neutrophil-to-hemoglobin and lymphocyte score
(NHL)—as markers of treatment response in 308 patients with
active rheumatoid arthritis receiving biological or targeted syn-
thetic disease-modifying antirheumatic drugs [1]. NLR, SII,
and NHL decreased alongside improvements in DAS28-ESR
and appeared particularly informative among patients with a
normal erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP). Although inexpensive and accessible, these indi-
ces warrant further scrutiny before incorporation into treat-to-
target algorithms.

First, the temporal interpretation of these findings warrants
clarification. JThou et al. appropriately noted that baseline val-
ues of these hematological indices were not reliable predictors
of subsequent response. Our concern therefore relates not to the
interpretation of baseline measurements, but to predictive ter-
minology applied to receiver operating characteristic analyses
based on changes measured over the same 6-month interval.
Changes in the hematological indices and a reduction of more
than 1.2 points in DAS28-ESR were assessed concurrently. Such
analyses evaluate treatment-response-monitoring performance
rather than prospective predictive performance [2] and do not
establish an earlier signal that could guide treatment continu-
ation, escalation, or switching. Prospective landmark analyses
should examine whether changes at 2-8 weeks predict European

Alliance of Associations for Rheumatology response, sustained
remission, treatment persistence, or flare at 3—6 months.

Second, the apparently greater discriminatory performance of
several CBC-derived indices within the normal-ESR/CRP sub-
group should not be generalized to the full cohort. In the full co-
hort, AESR achieved an AUC of 0.737, comparable to or slightly
higher than those of the hematological indices (0.707-0.732) [1].
Within the normal-ESR/CRP subgroup, however, interpretation
is complicated by baseline range restriction and potential regres-
sion to the mean [3]. Because subgroup entry required already-
low ESR and CRP, the observable range and potential magnitude
of subsequent changes in these acute-phase reactants were con-
strained. Analyses across the continuous distributions of ESR
and CRP, with comparison groups balanced for baseline disease
activity, would help determine whether the subgroup-specific
incremental value persists. A further issue is structural depen-
dency of the reference outcome: because ESR is incorporated
into DAS28-ESR, comparisons involving AESR and ADAS28-
ESR are partly mathematically coupled. Validation against
ESR/CRP-independent outcomes such as the Clinical Disease
Activity Index (CDAI) or power Doppler-detected synovitis, as
well as flare, treatment escalation, or structural progression,
would be more clinically informative.

Third, the biological specificity of these composite indices re-
mains uncertain, particularly for NHL. Jhou et al. appropri-
ately discussed the direct hematological effects of IL-6 and
JAK inhibition and the possible influence of glucocorticoid
tapering. Building on this limitation, specific analyses could

© 2026 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.
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help distinguish inflammatory response from pharmacolog-
ical effects. These should include adjustment for changes in
glucocorticoid dose, treatment-class interaction analyses, and
component-level decomposition of the composite CBC metrics.
Thisis especially relevant to NHL. Anemia in rheumatoid arthri-
tis is common and heterogeneous, arising from inflammation-
related iron restriction, iron deficiency, and other clinical or
treatment-related factors [4]. Because hemoglobin forms part
of the NHL denominator, changes might reflect altered eryth-
ropoiesis as well as inflammatory control. Stratification by ane-
mia status, iron indices, and renal function could complement
component-level analyses. Separately, complete-case exclusion
of patients without 6-month data could bias estimates if missing-
ness was associated with inefficacy, infection, adverse events, or
treatment discontinuation [5]. Sensitivity analyses under alter-
native missing-data assumptions are therefore warranted.

CBC-derived indices are promising low-cost treatment-
response-monitoring markers, but current evidence does not
establish them as predictive biomarkers capable of prospectively
guiding treatment decisions. Temporal validation, assessment of
baseline range restriction and regression-to-the-mean effects,
and treatment-specific mechanistic decomposition are needed
to strengthen their interpretation. Separately, external valida-
tion in an independent rheumatoid arthritis cohort is necessary
to establish transportability across populations, treatment strat-
egies, and clinical settings.
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1 | Introduction

Atlantoaxial dislocation (AAD) is a potentially life-threatening
condition characterized by instability between the atlas (C1)
and axis (C2), posing a significant risk to the upper cervical
spinal cord and brainstem. Neurological complications range
from cervical myelopathy to acute quadriparesis and sudden
death if left undiagnosed or untreated. Despite advances in im-
aging and treatment, AAD remains underrecognized in clini-
cal practice [1].

Rheumatoid arthritis (RA) is the most common non-traumatic
cause due to chronic synovitis, pannus formation, and liga-
mentous destruction [2]. However, AAD also occurs in spondy-
loarthritis, psoriatic arthritis, trauma, congenital anomalies,
infections, and neoplastic conditions [3]. Persistent miscon-
ceptions—such as AAD being always symptomatic, exclusive
to RA, or requiring mandatory surgery or chronic steroids—
largely arise from historical data reflecting late-stage disease
[4]. High-risk patients are those with long-standing inflam-
matory arthritis (particularly RA), persistent moderate-to-
high disease activity, erosive disease, RF/anti-CCP positivity,
previous cervical involvement, neurological symptoms, or
planned surgery requiring airway manipulation [5-8]. In the
current era of early diagnosis and treat-to-target strategies,
these assumptions are no longer valid, underscoring the need
for a myth-based, evidence-driven review to guide appropriate
management.

2 | Discussion
2.1 | Myth1: AAD Is Always Symptomatic
2.1.1 | Reality

AAD can remain clinically silent for years and is often detected
incidentally on imaging, with symptoms typically appearing
late after significant instability or cord compression. Studies
show that nearly 40% of RA patients with cervical subluxation
are asymptomatic [5], and imaging frequently identifies subclin-
ical disease [9]. Reliance on symptoms alone may delay diagno-
sis and increase the risk of neurological deterioration; therefore,
routine cervical spine evaluation is recommended in high-risk
patients even in the absence of symptoms [2].

2.2 | Myth 2: AAD Only Occurs in Rheumatoid
Arthritis

2.21 | Reality

While RA remains the leading cause, AAD also occurs in
spondyloarthritis, psoriatic arthritis, and congenital or post-
traumatic conditions. Reported prevalence of AAD is about
2%-8% in ankylosing spondylitis [3], 12% in psoriatic arthritis
[10], and below 1%-3% in inflammatory bowel disease (IBD)-
associated arthritis [11], while it remains extremely rare (< 1%)

© 2026 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.
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in reactive arthritis, mostly described in isolated case reports
[12]. Restricting the evaluation of AAD to RA alone may there-
fore delay diagnosis and appropriate management in affected
non-RA populations.

2.3 | Myth 3: All Patients With AAD Require
Chronic Steroid Therapy

2.3.1 | Reality

No randomized controlled trials have specifically evaluated
long-term corticosteroids for preventing atlantoaxial insta-
bility or ligament destruction. They may be used short-term
for acute inflammation, rapidly progressive synovitis, or sus-
pected spinal cord edema. Chronic steroid use carries signif-
icant risks, including infection and osteoporosis. Moderate to
high quality longitudinal studies (Table S1) attribute the de-
cline in cervical spine involvement primarily to early, inten-
sive conventional synthetic disease modifying antirheumatic
drugs (csDMARD)-based treatment rather than prolonged
corticosteroid exposure [5, 6, 13]. Steroids should be tapered
early, ideally within 3 months, in line with overall RA man-
agement strategies [1-3].

2.4 | Myth 4: Biologic Agents Are Always
Superior to csDMARDs for Preventing AAD

2.4.1 | Reality

Prevention of AAD depends on early disease control using
treat-to-target strategies. While biologics provide rapid disease
control and reduce erosions, optimized csDMARD therapy re-
mains equally effective, especially in combination regimens.
Evidence suggests that the decline in AAD incidence is driven
by overall disease control rather than biologics alone, indicat-
ing that biologics are complementary rather than universally
superior [2, 6].

2.5 | Myth 5: Surgery Is the Only Treatment Option
2.51 | Reality

Early diagnosis and immunosuppressive therapy can stabilize
AAD and may delay or avoid surgery in selected patients. While
surgery is indicated for significant instability, progressive neu-
rological deficits, or cord compression, it is not the only option.
csDMARDs and biologics can control synovitis and pannus,
and conservative management with monitoring or immobiliza-
tion may be appropriate in mild cases with no or minimal neu-
rological symptoms, stable or reducible dislocation, no spinal
cord edema and no radiographic progression on serial imaging
[5, 13]. Management should be individualized based on clinical
and radiological assessment [1, 2].

2.6 | Myth 6: Neurological Outcomes Are
Universally Poor

2.6.1 | Reality

Bhatia et al. studied 224 surgically treated RA cervical spine pa-
tients, showing improved 10-year survival (35%-55%; p=0.001)
from 2000 to 2010. Patients undergoing C1-C2 fixation had less
severe preoperative myelopathy and favorable outcomes over
39.6 months. 11% undergoing C1-C2 fixation later required oc-
cipitocervical fusion, mainly due to instrumentation failure [7].

2.7 | Myth 7: Routine Imaging Is Unnecessary in
Stable Disease

2.7.1 | Reality

Periodic cervical spine evaluation is essential in high-risk pa-
tients to detect silent progression and prevent complications.
AAD may progress insidiously, even in clinically stable disease,
with instability present despite remission and symptoms appear-
ing late [2, 5]. Reliance on symptoms alone may delay diagnosis;
therefore, regular imaging is crucial to identify subclinical dis-
ease and prevent neurological complications [2, 5].

2.8 | Myth 8: AAD Is Inevitable in Patients With
Long-Standing Rheumatoid Arthritis and Cannot Be
Prevented Once the Disease Is Established

2.8.1 | Reality

Current evidence demonstrates that rheumatoid atlantoaxial
subluxation can be significantly reduced and potentially pre-
vented with early diagnosis, aggressive disease control, and
treat-to-target strategies with csDM ARDs (especially methotrex-
ate) and biologic agents [2, 5, 6]. In the FIN-RACo trial, intensive
combination DMARD therapy in the first 2years of treatment
significantly reduced the development of AAD in early RA after
5years of follow-up, and monotherapy was significantly associ-
ated with anterior AAD (p=0.019) [13].

2.9 | Myth 9: Surgical Fixation of AAD Completely
Resolves Cervical Spine Disease and Eliminates
Future Instability

2.9.1 | Reality

Sub axial subluxation (SAS) can occur in 10%-25% of cases fol-
lowing surgical stabilization of AAD due to altered biomechanics
and persistent disease activity [1, 2, 4]. Surgical failure may result
from patient factors like persistent active inflammatory disease,
osteoporosis, malnutrition, smoking, poor bone quality, infec-
tion, poor wound healing, and significant medical comorbidities.
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Technical issues include inadequate reduction, suboptimal screw
placement, inappropriate implant selection, insufficient fixation,
pseudarthrosis, and failure to recognize adjacent-level instability
[14], and revision surgery is often challenging due to adhesions,
distorted anatomy, and altered biomechanics [15].

2.10 | Myth 10: Neck Pain in Rheumatoid Arthritis
Is Always due to AAD

2.10.1 | Reality

Neck pain in RA has a broad differential, and attributing all
cases to AAD may lead to misdiagnosis. Sub axial subluxation
(SAS) is a common cause, often progressing silently as radicu-
lopathy and myelopathy [5]. Basilar invagination presents with
occipital pain, myelopathy, lower cranial neuropathy or long
tract signs with diagnostic criteria showing high sensitivity
(94%) and NPV (91%) [16] and is confirmed by dynamic cervical
x-ray and MRI. Fibromyalgia causes widespread pain with nor-
mal inflammatory markers and imaging [17], while osteoporosis
may present with acute localized pain following trivial trauma
due to compression fractures [18], and osteoarthritis results in
mechanical neck pain that worsens with activity and shows de-
generative changes on imaging [19].

2.11 | Myth11: AAD Is an Imaging Diagnosis
2.11.1 | Reality

Atlantoaxial subluxation typically presents with occipital pain
radiating to the posterior head and neck, with neurological fea-
tures ranging from paresthesias to quadriparesis, sphincter dys-
function, and signs of cord compression, often poorly correlating
with radiographic severity [1, 2]. The Sharp-Purser test assesses
transverse ligament instability and has high specificity (x96%-
99%) but moderate sensitivity; a positive test warrants further
imaging [20].

2.12 | Myth 12: Baseline Quality of Life Doesn't
Predict the Risk of AAD

2.12.1 | Reality

In the FIN-RACo trial, poor baseline physical function, as mea-
sured by the Health Assessment Questionnaire (HAQ), was sig-
nificantly linked to the development of AAD (p=0.024). Patients
who developed AAD during the 5-year follow-up also demon-
strated higher HAQ scores and increased Disease Activity Score

28 values [13]. These findings underscore the importance of early
treat-to-target therapy and regular cervical spine surveillance in
patients with persistent disease activity.

2.13 | Myth 13: MRI Doesn't Usually Add Anything
in the Diagnosis or Management of AAD

2.13.1 | Reality

Evaluation of AAD requires a multimodal imaging approach. Plain
radiographs (including flexion-extension views) are used for ini-
tial screening, CT provides detailed assessment of bony anatomy,
and MRI is essential for evaluating pannus, ligament damage, and
spinal cord compression. Screening imaging is recommended in
high-risk patients, even without clinical instability [2, 5, 7].

2.14 | Myth 14: Prevalence of AAD Has
Remained Similar Despite Advancing Imaging
Modalities and Widespread Use of csDMARDs
and Biologic Drugs

2.14.1 | Reality

In the pre-DMARD era, cervical spine involvement, including
AAD, was reported in 30%-50% of patients with long-standing
rheumatoid arthritis. With the advent of early diagnosis, treat-
to-target strategies, csDMARDs, and biologic therapies, recent
studies report a reduced prevalence of 5%-15%, with clinically
significant AAD being even less frequent [2, 5]. All the included
studies are summarized in the Table 1.

3 | Management

Effective management relies on a multidisciplinary team, in-
cluding rheumatologists, spine surgeons, radiologists, and neu-
rologists to facilitate timely diagnosis and appropriate treatment
[1-3]. Treatment algorithm is shown in the Figure 1.

4 | Conclusion

AAD is often misunderstood as always symptomatic, RA-
specific, and requiring steroids or surgery. Evidence shows
outcomes improve with early diagnosis, appropriate imag-
ing, and individualized care. Combined medical and selective
surgical management with routine screening in high-risk pa-
tients helps prevent neurological complications and improves
prognosis.
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FIGURE1 | Treatment algorithm of AAD.
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Osteoporosis is a chronic skeletal condition characterized
by reduced bone mass and structural deterioration, result-
ing in elevated fragility fracture risk. It affects an estimated
200 million people worldwide, with approximately one in
two postmenopausal women and one in four men over 50 ex-
pected to sustain an osteoporotic fracture in their lifetime; yet
fewer than 30% of eligible patients receive appropriate ther-
apy following a fracture event [1]. Hip fracture alone carries
a one-year mortality of approximately 20% [2]. Two landmark
guidelines published in 2024 from the National Osteoporosis
Guideline Group (NOGG, UK) and the Royal Australian
College of General Practitioners (RACGP, Australia) provide
a contemporaneous synthesis of evidence-based recommen-
dations for fracture prevention and osteoporosis management
[3, 4].

This editorial synthesizes clinically actionable updates from
these guidelines and recent trial evidence, focusing on frac-
ture risk stratification and its international application. This
includes the expanding role of osteoanabolic therapies, safe
pharmacological sequencing including denosumab cessation.
This was developed from an invited presentation at the 2nd
Royal College of Physicians Global Medicine Conference, June
2026. A structured narrative review was conducted draw-
ing on NOGG 2024 [3], RACGP 2024 [4], the International
Osteoporosis Foundation/European Society for Clinical
and Economic Aspects of Osteoporosis, Osteoarthritis and
Musculoskeletal Diseases (IOF/ESCEO) European guidance
[5], the American College of Rheumatology (ACR) Guideline
for Glucocorticoid-Induced Osteoporosis [6], and Asia Pacific
Consortium on Osteoporosis (APCO) framework statements

[7], supplemented by a targeted MEDLINE and Embase search
(2019-2025).

The NOGG 2024 guideline recommends a risk-stratified ap-
proach using Fracture Risk Assessment Tool (FRAX) to cal-
culate the 10-year probability of major osteoporotic fracture
(MOF: spine, hip, forearm, humerus) and/or hip fracture,
stratifying individuals into low, moderate, high, or very high-
risk groups (Table 1). Very high risk is now formally defined
as MOF >30% or hip fracture probability >4.5%, the threshold
triggering consideration of anabolic-first therapy. IOF/ESCEO
and APCO similarly endorse FRAX-based stratification, with
country-calibrated models available across the Asia-Pacific re-
gion. Patients with rheumatoid arthritis carry approximately
double the population fracture risk through systemic inflamma-
tion, glucocorticoid exposure, and Receptor Activator of Nuclear
factor Kappa-B Ligand (RANK-RANKL)-mediated bone loss
[8]. Patients with systemic lupus erythematosus face similarly
elevated fracture risk, with meta-analytic data reporting a near-
doubling of osteoporosis prevalence (OR 2.03) and all-site frac-
ture risk (RR 1.97) compared to age- and sex-matched controls
[9]. For glucocorticoid-induced osteoporosis (GIOP), any patient
receiving prednisolone >7.5mg/day for >3 months should re-
ceive bone-protective therapy regardless of T-score, with FRAX
corrected by multiplying hip risk by 1.20 and MOF by 1.15 [3]
consistent with NOGG 2024 and the 2022 ACR GIOP guidelines.

Treatment selection should be guided by fracture risk, co-
morbidities, renal function, and patient preference (Table 2).
Oral bisphosphonates or annual intravenous zoledronate are
first line for high-risk patients (MOF > 20%), consistent across

© 2026 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.
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TABLE1 | FRAX calculator and risk stratification.

FRAX input variables

Risk stratification (NOGG 2024)

« Age (40-90years)

o Sex

» Weight and height (BMI calculated)
« Previous fragility fracture

« Parent hip fracture (family history)
« Current smoking

« Corticosteroids use >3 months

« Rheumatoid arthritis

« Secondary osteoporosis

« Alcohol (3 or more units/day)

« Femoral neck BMD (T-score)—Optional

I 1
| Low risk —» Lifestyle modification
<10% MOF '—P and advice
l 1

I 1
—Pp Arrange DXA scan

—» and recalculate FRAX

| Moderate risk

10%—-20% MOF
L ]

Note: FRAX risk stratification thresholds and clinical decision pathways for osteoporosis management: Input variables, 10-year fracture probability categories (NOGG
2024), and corresponding treatment actions. FRAX calculator accessible at fraxplus.org (free, country-specific models available).

NOGG 2024, RACGP 2024, and IOF/ESCEO guidance. For
very high-risk patients, all three bodies advocate anabolic-first
therapy such as romosozumab or teriparatide before antire-
sorptive consolidation. NOGG 2024 additionally repositions
hormone replacement therapy (HRT) as a first-line option
for younger postmenopausal women (< 60years) at high frac-
ture risk with low cardiovascular risk, supported by updated
Women's Health Initiative (WHI) analyses demonstrating a
more favorable benefit-risk profile in women commencing
HRT before the age of 60 [10]. Denosumab is second-line, or
first-line in chronic kidney disease (CKD) stages G4-G5D. It
must never be stopped without a bridging antiresorptive as re-
bound vertebral fractures occur in up to 7%-20% of patients
and IV zoledronate 5mg given 6 months after the last injection
is preferred. Fracture Liaison Service (FLS) referral following
any fragility fracture reduces subsequent fracture risk by up
to 40% [11].

Patients with CKD stages G4-G5D carry substantially elevated
fracture risk through CKD-related mineral and bone disorder
yet remain largely excluded from osteoporosis trials [12]. Dual-
energy X-ray absorptiometry (DXA) is supported by Kidney
Disease: Improving Global Outcomes (KDIGO) 2017 as part
of integrated CKD fracture risk assessment. Bisphosphonates
carry theoretical risks including renal accumulation and poten-
tial adynamic bone disease. Denosumab is generally preferred
but requires monitoring for hypocalcemia and rebound second-
ary hyperparathyroidism on cessation. The 2021 European con-
sensus on osteoporosis in CKD stages G4-G5D provides current
guidance for this population.

Osteoanabolic agents are now recommended as initial therapy
for very high-risk patients across NOGG 2024, RACGP 2024,
and IOF/ESCEO guidance. Teriparatide (20pg SC daily for
24months) and abaloparatide (80 ug SC daily for 18 months) are
PTH receptor agonists that preferentially stimulate bone for-
mation [13, 14]. Both agents reduce vertebral and non-vertebral
fracture, and abaloparatide's sequential alendronate strategy
demonstrated sustained efficacy in the ACTIVExtend trial [15].
Romosozumab (210 mg SC monthly for 12 months) inhibits scle-
rostin with dual anabolic and antiresorptive effects, reducing
vertebral fractures by 73% at 12months in FRAME [16, 17] and
outperforming alendronate alone in ARCH. It should be avoided
in patients with recent myocardial infarction or stroke. All os-
teoanabolics must be followed by antiresorptive consolidation
(zoledronate or denosumab 2-3years, or oral bisphosphonates
3-5years) and a single lifetime course applies. A bisphospho-
nate drug pause may be considered in stable, low-risk patients.
Denosumab should not be discontinued without bridging an-
tiresorptive therapy [7]. Bone turnover markers (BTMs) should
be monitored at 3—-6months with rising procollagen type 1N-
terminal propeptide (PINP) confirming anabolic activity and
falling C-terminal telopeptide (CTX) confirms antiresorptive
response [18].

The importance of the recent guidelines is that it provides a
clear stratified framework enabling clinicians to match treat-
ment intensity to fracture risk systematically. There are differ-
ences from previous guidelines that impact clinical practice.
The formal definition of very high risk directly triggering
anabolic-first prescribing is a landmark shift for the patients
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most likely to sustain a second, potentially disabling fracture
within 12months. The persistent treatment gap with fewer
than 30% treated after fracture [1], represents the central chal-
lenge these guidelines must help address. Three changes rep-
resent meaningful changes. First, anabolic-first therapy for
very high-risk patients reverses the bisphosphonate-first con-
vention dominant since the 1990s, now supported by ARCH
trial head-to-head data [16]. Second, HRT's repositioning
reflects a reassessment of benefit-risk balance following up-
dated Women's Health Initiative (WHI) analyses [10]. Third,
the denosumab cessation warning addresses a pharmacovig-
ilance signal that emerged largely after the previous NOGG
iteration and is now formalized as a contraindication to abrupt
discontinuation.

Current controversies include romosozumab's non-significant
major adverse cardiovascular event (MACE) imbalance in
ARCH (2.5% vs. 1.9% with alendronate; p=0.07) [16]. This
is substantially contextualized by the absence of any cardio-
vascular signal in the larger FRAME trial [17] and post hoc
analyses suggesting the difference reflects an unusually low
alendronate MACE rate rather than a romosozumab harm
[19]. Current guidance appropriately excludes patients with
recent MI or stroke, but individual shared decision-making is
essential where fracture prevention benefit is substantial. The
single lifetime osteoanabolic course restriction derives from
regulatory precedent rather than re-treatment trial data. The
optimal vitamin D supplementation threshold, particularly
in the Middle East and Asia-Pacific where deficiency rates of
70%-90% are documented, is an area that requires harmoni-
zation with guideline recommendations for supplementation
to deficient individuals.

While these newer recommendations are welcome, there re-
main existing gaps in evidence. The near-complete exclusion
of patients with advanced CKD from major trials leaves clini-
cians without adequate evidence for this high-risk population.
Fracture risk in inflammatory rheumatic diseases where FRAX
may substantially underestimate burden due to active disease
and biological therapies is under-studied. Primary osteopo-
rosis in children and young adults represents a further under-
recognized population, with emerging data highlighting the
diagnostic challenges and treatment outcomes in this group
[20]. Long-term sequential osteoanabolic strategies and the con-
cept of imminent fracture risk (disproportionately elevated for
12-24 months after an index fracture) both lack dedicated trial
data. Opportunistic CT-based screening with automated iden-
tification of low BMD and vertebral fractures from scans per-
formed for other indications could substantially expand fracture
prevention reach. Future directions include AI tools to perform
this analysis at scale as these are in development. Scaling FLS
programmes across the Asia-Pacific region, where the fracture
burden is growing rapidly with demographic aging, is an urgent
implementation priority. Novel therapeutic targets under inves-
tigation include anti-activin receptor type IIA/IIB agents such as
bimagrumab, which have shown dual musculoskeletal benefits
in early studies through inhibition of activin-mediated signal-
ing, with potential applications in osteosarcopenia. Cathepsin K
inhibitors demonstrated substantial fracture reduction efficacy
in Phase III trials but have not progressed to regulatory approval
due to an increased risk of cerebrovascular events and remain

a mechanistic proof-of-concept rather than an active clinical
pipeline.

The 2024 osteoporosis guideline updates represent a substan-
tive reconfiguration of clinical practice in a decade. Their core
messages which are: stratify risk with FRAX, deploy anabolic
therapy first in very high-risk patients, and never discontinue
denosumab without a bridging antiresorptive are actionable in
clinical settings. Closing the persistent gap between guideline
recommendations and practice remains the greatest opportunity
to reduce the global burden of preventable fragility fractures.
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Dear Editor,

Rheumatic and musculoskeletal diseases (RMDs) are one of
the leading causes of disability globally [1]. In low- and middle-
income countries (LMICs), patients with musculoskeletal
disease face additional barriers in the form of limited disease
awareness, diagnostic delays, and lack of access to treatment [2].
Additionally, in LMICs, rates of rheumatic disease appear to be
rising [3], though epidemiologic data in these regions remain
limited [4].

Rheumatology in Pakistan is an evolving specialty faced with
multiple challenges, including limited workforce capacity, un-
even service distribution, and high professional burnout among
clinicians [5, 6]. Despite advances in epidemiologic understand-
ing of musculoskeletal disease in other regions, studies on dis-
ease burden in Pakistan remain limited.

The WHO-ILAR Community Oriented Program for Control
of Rheumatic Diseases (COPCORD) Core Questionnaire is a
standardized community-based screening instrument used to
identify musculoskeletal pain, related functional limitations,
and healthcare use. It is usually administered by trained inter-
viewers, with screen-positive individuals referred for clinical
assessment. A few Community Oriented Program for Control
of Rheumatic Diseases (COPCORD) studies have been con-
ducted in Pakistan, which used translated versions of the

questionnaire but did not undertake a formal psychometric
evaluation [7, 8].

The original COPCORD Core Questionnaire was developed as
a community-based case-detection instrument for rheumatic
and musculoskeletal complaints, and subsequent research has
supported the screening validity of several of its core items.
Internationally, the measurement properties of the COPCORD
Core Questionnaire have been evaluated in different settings.
A large multicenter study from Mexico assessed its validity as
a community case-detection tool [9], while an Arabic version
was validated for screening rheumatic diseases in Kuwait [10].
Regionally, the culturally adapted Bangla version demonstrated
excellent content validity and test-retest reliability [11].

In the absence of a formally translated and culturally adapted
Urdu version, differences in wording, cultural interpretation,
and locally understood descriptions of pain and disability may
lead to inconsistent responses, which may affect the accuracy
of estimates of the burden of rheumatic and musculoskeletal
diseases. Establishing content validity is necessary to ensure
that the translated items are relevant and culturally appropriate,
while test-retest reliability determines whether the question-
naire produces stable responses over time. Evaluation of these
properties is therefore important before the Urdu COPCORD
questionnaire is used in large-scale epidemiological surveys.
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All rights reserved, including rights for text and data mining and training of artificial intelligence technologies or similar technologies.

International Journal of Rheumatic Diseases, 2026; 29:¢70863
https://doi.org/10.1111/1756-185x.70863

1of 4


https://doi.org/10.1111/1756-185x.70863
https://orcid.org/0000-0002-6180-4534
https://orcid.org/0009-0001-5122-0703
https://orcid.org/0000-0002-3083-4458
https://orcid.org/0000-0003-4771-4441
mailto:pakrheum@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1756-185x.70863&domain=pdf&date_stamp=2026-09-09

The objective of this study was to translate and culturally
adapt the World Health Organization—International League of
Associations for Rheumatology (WHO-ILAR) COPCORD Core
Questionnaire into Urdu and to evaluate its content validity and
test-retest reliability in an Urdu-speaking Pakistani population.

This was a cross-sectional validation study conducted in two
phases. In the first phase, the English COPCORD questionnaire
was translated and culturally adapted into Urdu through a mul-
tistep process. In the second phase, content validity and test-re-
test reliability were evaluated. The study followed established
guidelines for cross-cultural adaptation of self-report instru-
ments, relevant COSMIN recommendations, and ISPOR Task
Force recommendations [12-14].

The translation and cultural adaptation process followed six
sequential steps (Table S1). Two independent forward transla-
tions were produced and synthesized, followed by blinded back-
translation. An expert panel reviewed all versions for semantic,
idiomatic, and conceptual equivalence. The pre-final Urdu ver-
sion was pilot-tested with 40 participants. Participant feedback
focused on wording that was unclear or difficult to interpret,
and minor modifications were made based on participant feed-
back before finalization.

The study was conducted at the Department of Rheumatology,
Pakistan Institute of Medical Sciences, Islamabad. For Phase I
cognitive pretesting, a total of 40 participants (20 patients with
RMDs and 20 non-patients) were recruited from outpatient clin-
ics and community settings. The Phase I pretesting sample size
(n=40) was based on cross-cultural adaptation guidance rec-
ommending cognitive debriefing with 30-40 individuals [12].
The Phase II validation sample comprised 120 participants,
including 60 rheumatology patients and 60 community partici-
pants. This is consistent with COSMIN guidance that considers
a sample of at least 100 participants to be excellent for reliability
assessment [15]. Participants were recruited using consecutive
sampling from rheumatology outpatient clinics and surround-
ing community settings in Islamabad. Eligible participants were
adults aged 18years or older who could communicate in Urdu
and provided informed consent. Individuals were excluded if
they had an acute medical condition requiring immediate med-
ical assessment or hospital admission, or if their physical condi-
tion prevented them from completing the interview. Individuals
with cognitive or intellectual impairment that precluded in-
formed consent or reliable questionnaire completion were also
excluded.

Because the adaptation required both clinical and linguistic
review, experts were purposively selected for relevant profes-
sional expertise, comprising two practicing rheumatologists
from the Pakistan Institute of Medical Sciences, Islamabad, and
two faculty members from the National University of Medical
Sciences with academic expertise in Urdu language and litera-
ture. Inclusion criteria for experts were current clinical practice
in rheumatology or academic expertise in Urdu language and
literature.

Content validity was assessed in terms of item relevance and
comprehensiveness. The Content Validity Index (CVI) was
used to quantify agreement among experts. Experts rated

each item for relevance on a 4-point scale (1 =not relevant,
2 =somewhat relevant, 3 = quite relevant, 4 = highly relevant).
For the calculation of Item-level Content Validity Index (I-
CVI), ratings of 3 or 4 were considered “relevant,” and I-CVI
was defined as the proportion of experts rating the item as
relevant. The Scale-level Content Validity Index (S-CVI/Ave)
was calculated as the mean of the I-CVI values across items
[11, 16].

Comprehensiveness was assessed qualitatively by confirming
that all items and core domains of the original COPCORD ques-
tionnaire were retained in the Urdu version. Face validity was
assessed separately through qualitative review of the translated
questionnaire for clarity of wording, naturalness of the Urdu
phrasing, cultural appropriateness, and overall suitability for
use in an Urdu-speaking population.

Test-retest reliability was assessed using linearly weighted
Cohen's kappa, guided by COSMIN [17]. The same participants
completed the questionnaire twice, with a 7-day interval be-
tween administrations. A 7-day interval was chosen to mini-
mize recall bias and reduce the likelihood of true clinical change
between assessments, consistent with previously reported test—
retest intervals and prior ILAR-COPCORD questionnaire re-
search [18, 19]. Participants were informed at baseline that a
repeat assessment would be conducted after 7days; however, at
retest, they were not shown their baseline responses. All analy-
ses were performed using IBM SPSS Statistics version 27.0. The
study was approved by the institutional ethics committee of the
Pakistan Institute of Medical Sciences, Islamabad. Written in-
formed consent was obtained from all participants before data
collection.

The Phase II validation sample comprised 120 participants,
including 60 rheumatology patients and 60 community partic-
ipants. The mean age of participants was 43.9 + 13.4years (me-
dian 41years, range 18-75). Of 120 participants, 78 (65.0%) were
female. Baseline characteristics of the study participants are pre-
sented in Table S4.

During cognitive pretesting, participants considered most items
clear and easy to interpret, and minor linguistic modifications
were made where required, including use of locally relevant
demographic, education, occupation, and treatment-source op-
tions. Additionally, in the habits section locally prevalent to-
bacco forms (huqga and naswar) were included. All items and
core domains of the original WHO-ILAR COPCORD Core
Questionnaire were retained in the Urdu version. A brief descrip-
tion of the items evaluated during Phases I and II is presented
in Table S2. All items achieved acceptable content validity (I-
CVI=1.0). The Scale-level Content Validity Index (S-CVI/Ave)
was 1.0 (Tables 1 and 2). Linearly weighted kappa values ranged
from 0.833 to 0.983 (Table S3).

The Urdu translation of a culturally adapted COPCORD ques-
tionnaire presented here demonstrated both excellent content
validity and test-retest reliability. Similar to COPCORD trans-
lations conducted in other languages [11], we sequentially
performed initial forward translation with cross-cultural ad-
aptation, modification based on participant pre-testing, expert
committee validity review, and finally test-retest reliability
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TABLE1 | Expertratingsand item-level content validity indices (I-CVTI) for Phase I items of the Urdu WHO-ILAR COPCORD Core Questionnaire

using a 4-point relevance scale.

Item Rating by Expert1  Rating by Expert2  Rating by Expert3  Rating by Expert 4 I-CVI
Item 1.1 4 4 4 4 1.0
Item 1.2 4 3 4 4 1.0
Item 1.3 3 4 4 4 1.0
Item 1.4 4 4 4 4 1.0
Item 1.5 4 4 3 4 1.0
Item 1.6 3 3 3 4 1.0
Item 1.7 3 4 3 3 1.0
Item 1.8 4 4 4 4 1.0
Item 1.9 4 4 4 3 1.0
Item 1.10 3 4 3 4 1.0
Item 1.11 4 3 3 4 1.0

S-CVI/Ave=1.0

Abbreviations: COPCORD, Community Oriented Program for Control of Rheumatic Diseases; I-CVT, item-level content validity index; S-CVI/Ave, scale-level content
validity index (average method); WHO-ILAR, World Health Organization-International League of Associations for Rheumatology.

TABLE2 | Expertratingsand item-level contentvalidity indices (I-CVI) for Phase ITitems of the Urdu WHO-ILAR COPCORD Core Questionnaire

using a 4-point relevance scale.

Item Rating by Expert1  Rating by Expert2  Rating by Expert3  Rating by Expert 4 I-CVI
Item 2.1 4 3 4 3 1.0
Item 2.2 4 3 3 1.0
Item 2.3 4 4 4 3 1.0
Item 2.4 4 3 4 3 1.0

S-CVI/Ave=1.0

Abbreviations: COPCORD, Community Oriented Program for Control of Rheumatic Diseases; I-CV1, item-level content validity index; S-CV1/Ave, scale-level content
validity index (average method); WHO-ILAR, World Health Organization-International League of Associations for Rheumatology.

testing. The excellent I-CVI and S-CVI/Ave values should be
interpreted critically in the context of the adaptation process,
the small number of expert raters, and the fact that the Urdu
version retained the established COPCORD core domains after
clinical and linguistic review. Similar findings were reported in
the Bangla COPCORD adaptation [11]. In the Pakistani context,
we modified the questionnaire to be more culturally relevant,
for example, by expanding the habits section to include locally
prevalent forms of tobacco.

Strengths of this study include robust testing of the Urdu trans-
lation, encompassing expert-developed translation, followed
by adjustment for patient feedback, content validation, and
finally, test-retest reliability testing. Our study also had some
limitations. Unlike prior studies [10], we did not compare the
results of our COPCORD translation to clinical diagnosis. We
assessed content validity and test-retest reliability of the Urdu
COPCORD. Other COSMIN measurement properties, includ-
ing construct validity, criterion validity, and responsiveness,
were not evaluated in the present study. Future studies com-
paring questionnaire responses with clinical diagnoses and

external measures are needed to comprehensively assess
these additional psychometric domains. Additionally, this was
a single-center study conducted in Islamabad using consec-
utive sampling from a tertiary-care rheumatology clinic and
surrounding community settings, which may limit the gener-
alizability of the findings. Given Pakistan's linguistic diver-
sity, additional cross-cultural adaptations of the COPCORD
in other major languages are also needed to ensure equitable
national application.

Overall, the Urdu COPCORD questionnaire demonstrated high
content validity and test-retest reliability and is intended to fa-
cilitate future national COPCORD surveys and inform rheuma-
tology policy planning in Pakistan.
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Dear Editor,

Interstitial lung disease (ILD) is a common comorbidity among
patients with rheumatoid arthritis (RA). Estimates using ra-
diological evaluation have indicated that the prevalence of
ILD associated with RA (RA-ILD) varies from 19% to 33% [1].
In Japanese patients with RA treated with biological and tar-
geted synthetic disease-modifying antirheumatic drugs (btsD-
MARDs), the mean age increased from 51.9years in 2003 to
64.3years in 2023, while the prevalence of lung disease rose
markedly from 11.1% to 36.2% [2]. Interstitial lung abnormalities
(ILAs) refer to early or mild interstitial changes identifiable on
chest computed tomography (CT). A considerable proportion of
patients with RA exhibit deterioration of ILAs, underscoring the
importance of timely detection and appropriate management.
One study found that patients with RA with ILA had more re-
spiratory symptoms and poorer pulmonary function than those
without ILA [3]. In one prior study investigating patients with
RA without established ILD, ILAs were identified in 15% of indi-
viduals on screening CT [4, 5]. Further, patients with RA have a
higher prevalence of both ILD and ILA compared with the gen-
eral population. Understanding of the changes in ILAs may help
to prevent deterioration to ILD and improve survival outcomes
in patients with RA. However, information regarding changes
in ILA in patients with RA remains insufficient. Clarifying the
natural course and radiological evolution of ILA in patients with
RA may help to facilitate the early identification of individuals

at risk of disease progression and provide evidence to support
appropriate monitoring and timely clinical intervention. This
study therefore aimed to evaluate the radiological change of
lung images in patients with RA treated at 1year.

This study evaluated the changes in imaging findings of ILA and
ILD over a 1-year period in 542 patients with RA who under-
went a baseline chest CT between April 2023 and March 2024,
followed by a repeat chest CT 1year later (Figure 1). Patients
who did not undergo the baseline chest CT during this period
(n=15) were excluded from the study. Chest CT findings at base-
line and 1-year follow-up were compared to assess the radiolog-
ical deterioration of ILA and ILD. These chest CT examinations
were conducted as part of our institutional screening protocol
for the early detection and monitoring of ILA and ILD in pa-
tients with rheumatoid arthritis. Under this protocol, all eligible
patients routinely underwent a baseline chest CT, followed by
a scheduled follow-up examination approximately 1year later,
irrespective of their respiratory symptoms or any clinical sus-
picion of lung disease. A standard chest CT was conducted be-
cause the examinations were performed for screening purposes,
rather than as a definitive diagnostic assessment. To evaluate
the interval radiological changes, follow-up CT was performed
under the same imaging conditions as the baseline examina-
tion, thereby ensuring consistency between the baseline and
follow-up assessments.

Abbreviations: anti-CCP, anti-cyclic citrullinated peptide; btsDMARDs, biological and targeted synthetic disease-modifying antirheumatic drugs; CT, computed
tomography; DAS28-ESR, 28-joint Disease Activity Score based on erythrocyte sedimentation rate; IL, interleukin; ILA, interstitial lung abnormality; ILD, interstitial
lung disease; KL-6, Krebs von den Lungen-6; MTX, methotrexate; NSIP, nonspecific interstitial pneumonia; RA, rheumatoid arthritis; RF, rheumatoid factor; sJIA,

systemic juvenile idiopathic arthritis; UIP, usual interstitial pneumonia.
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The following clinical variables were evaluated: age, sex, body
mass index, RA duration, anti-cyclic citrullinated peptide (anti-
CCP) antibody level, btsDMARDs use, methotrexate (MTX)
use, glucocorticoid use, C-reactive protein level, rheumatoid
factor (RF) level, Krebs von den Lungen-6 (KL-6) level, 28-joint
disease activity score based on erythrocyte sedimentation rate
(DAS28-ESR), and Health Assessment Questionnaire Disability
Index. According to a position paper published by the Fleischner
Society, ILAs were characterized by ground-glass or reticular
abnormalities, accompanied by traction bronchiectasis, honey-
combing, and nonemphysematous cyst formation [6]. In accor-
dance with this position paper, ILAs in the present study were
defined as subtle abnormalities observed on chest CT in individ-
uals without a prior diagnosis of ILD that were less severe than
changes observed in patients with established ILD (Figure 2a).
ILD was classified as either a usual interstitial pneumonia (UIP)
pattern characterized by honeycombing with or without traction
bronchiectasis, irregular interlobular septal thickening typically
accompanied by reticulation, mild ground-glass opacities, and
occasional pulmonary ossification or a nonspecific interstitial
pneumonia (NSIP) pattern with bilateral extensive ground-
glass opacities (Figure 2b) [7, 8]. Radiological deterioration was

defined as the presence of one or more of the following: worsen-
ing traction bronchiectasis, new or increased reticulation, new
or increased honeycombing, increased traction bronchiectasis
with ground-glass opacity, increased ILD extent, or progression
to a UIP-like pattern. In contrast, radiological improvement
was defined as one or more of the following: decreased ground-
glass opacity extent, decreased reticulation, or reduced ILD ex-
tent compared with the previous chest CT. Deterioration and
improvement of ILA and ILD were diagnosed based on visual
evaluations and consensus discussions among a rheumatologist,
respiratory physician, and radiologist. The radiologist and cli-
nicians who assessed the chest CT images were blinded to the
patients’ clinical information.

A comparison of demographics and clinical characteristics of
patients without both ILA and ILD (no ILA/ILD group), patients
with ILA (ILA group), and patients with ILD (ILD group) was
conducted using an analysis of variance and Fisher's exact test
(as appropriate). To identify factors associated with ILA deteri-
oration, the characteristics and clinical data of patients with or
without ILA deterioration were compared using the Wilcoxon
rank-sum test and Fisher's exact test (as appropriate). The same

592 patients with RA had a chest CT between April 2023 and March 2024

N=592
Lack of Follow-up chest CT after one year
=50
Patients enrolled in this study
n=542
NelLA/ILD ILA ILD
n=440 (81.2%) n=48 (8.9%) n=54 (10.,0%)
Deterioration Stable Improvement Deterioration Stable Improvement
n=8 (16.7%) || n=27(56.3%) | n=13(27.1%) n=16(29.6%) [ n=38(70.4%) || n=1(1.9%)

FIGURE 1 | Flow diagram of patient selection and radiological outcomes during 1-year follow-up. Flow diagram showing patient enrollment,
exclusion of patients without 1-year follow-up chest CT, baseline classification into no ILA/ILD, ILA, and ILD groups, and radiological outcomes (de-
terioration, stable disease, or improvement) after 1year. CT, computed tomography; ILA, interstitial lung abnormality; ILD, interstitial lung disease.

(a) (b)

FIGURE 2 | Representative chest CT image of (a) interstitial lung abnormality and (b) interstitial lung disease in a patient with rheumatoid ar-
thritis. (a) Chest CT demonstrates subtle peripheral and basal reticular abnormalities consistent with an interstitial lung abnormality. (b) Chest CT
demonstrates advanced fibrotic interstitial lung disease with bilateral honeycombing, consistent with interstitial lung disease.

20f5

International Journal of Rheumatic Diseases, 2026



analyses were conducted for patients with ILD. Statistical signif-
icance was defined as p <0.05.

A total of 542 patients with RA underwent chest CT. Table 1
summarizes the patient characteristics and clinical data of the
study population at baseline, including comparisons among the
no ILA/ILD, ILA, and ILD groups. Figure 1 presents the pa-
tient selection process and radiological outcomes. At baseline,
440 (81.2%) patients had no evidence of ILAs or ILD, while 48
(8.9%) and 54 (10.0%) patients had ILAs and ILD, respectively;
among the latter, 26 (4.8%) and 28 (5.2%) had UIP and NSIP pat-
terns, respectively. During the follow-up period, among patients
in the ILA group, radiological deterioration was observed in 8
(16.7%) patients, stability was observed in 27 (56.3%) patients,
and improvement was observed in 13 (27.1%) patients. The cor-
responding rates in the ILD group were 16 (29.6%), 38 (70.4%),
and 1 (1.9%), respectively. In the comparison based on the pres-
ence or absence of ILA deterioration, factors associated with

TABLE1 |

ILA deterioration were not identified. In the comparison con-
ducted according to the presence or absence of ILD deteriora-
tion, only the change in RF levels was identified, with changes of
51.9+£99.9IU/mL in the deterioration group and —5.1 + 155.8 U/
mL in the non-deterioration group (p=0.019). During the fol-
low-up period, treatment modifications involving btsDMARDs,
MTX, and glucocorticoids occurred in 15 (2.8%), 20 (3.7%), and 9
(1.7%) patients, respectively.

In the present study, the prevalences of ILA and ILD were
8.9% and 10.0%, respectively; these rates were comparable to
or slightly lower than that reported in previous studies [9, 10].
One possible factor contributing to the relatively low prevalence
may be the comparatively low disease activity of the patients
included in our cohort. The prevalences of connective tissue
disease-associated ILD were as follows: 0.8-42, 0.1-0.6, 0-0.1,
0.02-1.7, and 0-0.6 per 100000 people in patients with systemic
sclerosis, polymyositis/dermatomyositis, Sjogren’s syndrome,

Baseline demographic and clinical characteristics of patients with rheumatoid arthritis according to the presence of interstitial lung

abnormalities and interstitial lung disease, with comparisons among groups.

No ILA/ILD
All (n=542) (n=440) ILA (n=48) ILD (n=54) p (Uni) p (OR, 95% CI)
Age, years 70.3+12.0 69.2+12.3 73.6+8.2 73.6+9.1 <0.001 0.005 (1.06,
1.02-1.10)
Female, 1 (%) 443 (81.7) 368 (83.6) 38(79.2) 37 (68.5) 0.028 0.032 (0.38,
0.16-0.92)
Duration of RA, years 15.5+11.0 15.3+10.7 17.7+10.1 15.4+13.9 0.354
Body mass index 22.4+39 22.2+39 23.3+4.6 22.4+3.6 0.182
Smoking: current/past/ 49/132/361 41/96/303 4/14/30 4/22/28 0.049 Current: 0.992
never, n (0.99, 0.27-3.66)
Past: 0.385 (1.42,
0.64-3.15)
Anti-CCP Ab positive, 422(77.9) 334(75.9) 40 (83.3) 48 (88.9) 0.057 0.064 (2.51,
n (%) 0.95-6.65)
b or tsDMARDSs use, 333 (61.4) 261 (59.3) 36 (75.0) 36 (66.7) 0.078 0.513 (0.79,
n (%) 0.39-1.61)
MTX use, 1 (%) 323 (59.6) 277 (63.0) 27 (56.3) 19 (35.2) <0.001 0.002 (0.37,
0.17-0.66)
Glucocorticoid use, n 89 (16.4) 70 (15.9) 7 (14.6) 12 (22.2) 0.469
(%)
C-reactive protein level, 0.30£0.69 0.27+0.59 0.36+0.85 0.41+0.79 0.219
mg/dL
Rheumatoid factor level, 122.6 £225.7 109.1 +£224.0 142.6 +183.9 190.3+223.5 0.031 0.554 (1.00,
IU/mL 1.00-1.00)
KL-6, U/mL 279.4+1379 257.1+109.2 334.2+154.7 413.5+218.6 <0.001 <0.001 (1.01,
1.00-1.01)
DAS28-ESR 2.61+1.17 2.57+1.21 2.56+£0.99 3.01+£0.99 0.035 0.087 (1.22,
0.97-1.54)
HAQ-DI 0.41+0.75 0.38+0.75 0.59+0.78 0.51+0.65 0.109

Abbreviations: anti-CCP Ab, anti-cyclic citrullinated peptide antibody; bDMARDs, biological disease-modifying antirheumatic drugs; DAS, disease activity score;
ESR, erythrocyte sedimentation rate; HAQ-DI, Health Assessment Questionnaire Disability Index; ILA, interstitial lung abnormality; ILD, interstitial lung disease;
KL, Krebs von den Lungen-6; MTX, methotrexate; RA, rheumatoid arthritis; tsDMARDs, targeted synthetic disease-modifying antirheumatic drugs.
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systemic lupus erythematosus, and mixed connective tissue
disease, respectively [11]. ILD has recently been recognized as
a rare but serious complication of childhood chronic arthritis,
particularly systemic juvenile idiopathic arthritis (sJIA). Prior
studies have estimated that sJIA-associated lung disease occurs
in approximately 3.6%-7% of patients and is associated with sig-
nificant morbidity and mortality, highlighting the importance
of early recognition [12, 13]. Recent evidence has also suggested
that interleukin (IL)-1/IL-6 inhibitor-associated drug reaction
with eosinophilia and systemic symptoms may contribute to the
development of severe pulmonary disease in a subset of patients
with sJTA [14]. Furthermore, the early diagnosis and treatment
of ILD associated with childhood vasculopathy have been re-
ported to be associated with favorable outcomes [15]. Thus,
the presence of ILD is an important determinant of the clinical
course in patients with RA and should be carefully considered
during clinical follow-up.

The present study investigated radiological changes in ILAs
and ILD in patients with RA at 1year. The ILD group was
characterized by older patients, fewer female patients, less
MTX use, higher DAS28-ESR, and higher levels of RF and
KL-6. Previous studies have reported that ILD development
was associated with older age, longer RA duration, high anti-
CCP antibody levels, and increased RF levels [16]. Although
elevated RF levels have been associated with the development
and progression of RA-associated ILD, the underlying mech-
anisms remain incompletely understood. Changes in RF may
reflect alterations in systemic autoimmune and inflammatory
activity, which could contribute to the progression of pulmo-
nary disease. Other studies have found associations between
ILD development and male sex, increased erythrocyte sedi-
mentation rate, advanced joint destruction, MTX use, glu-
cocorticoid use, and functional impairment [17]. We believe
that the low rate of MTX use in this study reflected concerns
regarding the potential adverse effects of MTX on ILD. KL-6
is widely used to diagnose ILD deterioration because its sen-
sitivity (93.9%) and specificity (96.3%) are superior to those
of surfactant protein-A (sensitivity, 81.8%; specificity, 86.6%)
and surfactant protein-D (sensitivity, 69.7%; specificity, 95.1%)
[18]. Therefore, understanding the factors associated with ILD
is useful in clinical practice. In the present study, the radio-
logical deterioration rates of ILAs and ILD were 16.7% and
29.6%, respectively. During the follow-up period of 4.4years,
29% of patients with RA and ILAs (21 cases) exhibited radio-
logical deterioration [9]. The discrepancy in progression rates
observed during our study and those reported by previous
studies may be attributable to differences in follow-up periods,
patient age (75.0 = 8.8 years vs. 65.6 + 9.9 years), and MTX use
(45% vs. 89%). In prior studies, radiological ILD deterioration
occurred in 34% (follow-up period, 24 months), 44% (follow-up
period, 4.4years), and 51% (follow-up period, 19.1 months) of
patients [9, 19, 20]. We believe that regular chest CT is also
necessary for patients with ILAs. The present study did not
identify any significant factors associated with ILA deteriora-
tion; additionally, previous studies did not identify any factors
associated with ILA deterioration based on patient charac-
teristics [5, 9, 21]. Previous studies have further reported that
older age, male sex, smoking, high RA disease activity, high
RF levels, anti-CCP antibody titers, and increased KL-6 levels
are associated with ILD deterioration [22-26]. In this study,

changes in RF levels were associated with ILD deterioration;
therefore, increased RF levels in patients with ILD may be as-
sociated with the risk of ILD deterioration and may require
careful monitoring.

This study had several limitations. First, chest CT was not
conducted using quantitative measures. In the present study,
imaging findings were evaluated by multiple observers to
ensure careful assessments of ILA deterioration and ILD de-
terioration. Second, the clinical symptoms and pulmonary
function tests, including forced vital capacity and diffusing
capacity of the lung for carbon monoxide, were not routinely
performed as part of the study protocol and were therefore un-
available for the analysis. Consequently, disease progression
was evaluated solely based on radiological findings. Third,
treatment modifications during the follow-up period may
have influenced the radiological outcomes. However, changes
in btsDMARDs, MTX, and glucocorticoid use occurred in
only 2.8%, 3.7%, and 1.7% of patients, respectively. Therefore,
although the potential impact of treatment modifications can-
not be completely excluded, their overall influence on the ra-
diological findings was likely to have been limited. Finally,
the one-year follow-up period may have been insufficient to
fully capture the natural progression of ILAs and ILD, which
commonly evolve over longer periods. Consequently, the ra-
diological progression rates observed in the present study may
have been underestimated. In addition, the relatively small
sample size may have limited the generalizability of our find-
ings. Future studies should include larger sample sizes and
longer follow-up periods, and should incorporate both pul-
monary function tests and additional imaging assessments to
provide a more comprehensive evaluation of disease progres-
sion. Nevertheless, we believe that the results of the present
study provide important insights for future research and the
management of ILAs and ILD in patients with RA in clinical
practice.

In conclusion, this study demonstrated radiological changes
in ILAs and ILD in patients with RA. Some patients with RA
with ILAs or ILD may experience radiological deterioration.
Therefore, regular imaging assessment may be considered in
selected patients.
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Dear Editor,

The authors are to be congratulated for studying the possible
linkage between the chikungunya virus (CHIKV) infection
and rheumatoid arthritis (RA) in a non-endemic area and for
comparing various serological assays [1]. We would like to make
several methodological points, however, that could affect their
conclusions.

First, there is an inherent limitation that it is not possible to es-
tablish a temporal association between the CHIKV infection
and the onset of RA from cross-sectional data, but the authors
persevered in discussing CHIKV as a potential environmental
trigger for RA. STROBE recommends that observational studies
should refrain from making causal conclusions when there is no
temporality provided.

Secondly, the study is very under-powered. Of the 98 patients
with RA, only 2 were positive for CHIKV neutralizing antibod-
ies compared to no healthy controls (200). The resulting odds
ratio (OR=10.4) thus had very wide 95% confidence intervals
(CI=0.5-217) that showed quite a bit of statistical imprecision
and uncertainty. These estimates are unreliable and should be
read with some caution and not as an indication of a biological
relationship.

Thirdly, the statistical analysis is worthy of further examination.
The authors appropriately reported Fisher's exact test (p=0.107)
because of the sparse contingency table. They also gave a chi
square p value of 0.043, which means it is statistically signifi-
cant. Fisher's exact test should be used as the preferred infer-
ential test where the assumptions of the chi-square test are not

met; reporting the chi-square result with Fisher's exact test
could mask the strength of the evidence for the association.

Fourth, exposure assessment was different among the three
study groups. Since Taiwan is non-endemic for CHIKYV, the IgM
testing was only done on patients with RA, not healthy controls.
Different diagnostic techniques for cases and controls are likely
to lead to differential misclassification bias and diminish com-
parability between the groups [2].

Lastly, some key confounding factors were not considered in
the analyses. Only univariate comparisons were done and not
multivariable analyses. Notably, residents or travelers to the
CHIKV-endemic regions were identified in both antibody-
positive patients, implying a travel history might be the most
likely factor explaining antibody positivity. Other possible con-
founding factors such as smoking, work exposure, and immuno-
suppressive therapy were also not accounted for. When possible,
the STROBE statement suggests that clinical factors associated
with the study should be identified and controlled for [3].

The study offers some preliminary data on the serology of
CHIKYV infection among Taiwanese patients with RA. However,
the findings should be interpreted with care because of the lim-
ited sample, the nature of the exposure assessment, the lack of
control for other risk factors, the lack of power in the analysis
for such a small sample size, and the inherent limitations of a
cross-sectional study. A better understanding of the relationship
between CHIKYV infection and RA is warranted by future pro-
spective, adequately-powered cohort studies that would use con-
sistent exposure assessment and multivariable analyses.
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To the Editor,

A 53-year-old female cleaning worker (weight, 90kg; height,
155cm; body mass index, 37.5kg/m [1]) presented with chronic
bilateral plantar pain and difficulty with weight-bearing activ-
ities that had persisted for approximately 15years. During this
period, she had not sought medical evaluation or had received
any treatment, including medications, injections, or physical
therapy. Her medical history was otherwise unremarkable.

Physical examination revealed firm, nodular thickenings along
the medial aspects of both plantar surfaces, accompanied by
localized tenderness. No plantar contracture or skin scarring
was observed. A prompt bedside ultrasound (US) examination
revealed diffuse, well-defined, hypo- to isoechoic lesions within
the plantar fascia bilaterally, without power Doppler signal
(Figure 1A,B, Video S1). These findings were consistent with
plantar fibromatosis. The patient was advised to perform plantar
fascia stretching exercises, apply ice massage to both heels, and
use heel pads. At the 1-month follow-up, the patient reported
full adherence to the exercise program, and her pain score had
decreased from 8 to 3 on the visual analog scale. After 3weeks
of medical leave, she returned to work. No adverse events were
reported. Plantar fibromatosis (Ledderhose disease, PF) is a rare,
benign fibroproliferative disorder of the plantar fascia, charac-
terized by nodular or diffuse fascial thickening [2]. Although its
exact etiology remains unclear, several factors, including genetic
predisposition, repetitive trauma, previous fascia injuries, anti-
tumor necrosis factor-o therapy, and associated fibroproliferative
conditions such as Dupuytren contracture, have been implicated
in the literature [2]. The condition typically affects middle-aged
men and is most often unilateral; however, bilateral involvement
has been reported in approximately 25% of the male patients.

Despite its benign nature, PF may lead to persistent pain, gait im-
pairment, and reduced quality of life due to its chronic course and
potential for local recurrence [1, 3]. Misdiagnosis as chronic plan-
tar fasciitis or other soft-tissue pathologies is common, frequently
leading to delayed diagnosis and suboptimal management [4]. US
and magnetic resonance imaging (MRI) are valuable tools for dif-
ferentiating plantar fibromatosis from inflammatory or neoplastic
conditions [5]. On ultrasonography, plantar fibromatosis typically
presents as one or more well-defined, fusiform, hypoechoic nod-
ules arising within the mid-portion of the plantar fascia, usually
without power Doppler signal. In contrast, plantar fasciitis man-
ifests as fusiform hypoechoic thickening of the proximal fascia
at its calcaneal enthesis (commonly >4mm) with loss of the nor-
mal fibrillar pattern, rather than a discrete nodule, and clinically
presents with focal heel pain that is worst with the first steps after
rest. Other soft-tissue lesions, such as ganglion cysts (anechoic and
compressible) or neurogenic and neoplastic masses (which may
show internal vascularity), can usually be excluded on the basis
of their distinct sonographic features and anatomic location [6, 7].
Moreover, US has several advantages over MRI in the assessment
of PF. Plantar fibromas may appear as small hypointense lesions
on MRI, making them difficult to distinguish from the normally
low signal intensity of the plantar fascia [8, 9]. In contrast, small
plantar fibromas can be readily detected on US because their hy-
poechoic echotexture contrasts with the fibrillar appearance of
the normal plantar fascia [8, 9]. Accordingly, given the diagnostic
accuracy of US for PF, we did not perform further MRI or histo-
pathological examination. Beyond its diagnostic utility, US enables
real-time, target-specific interventions such as corticosteroid or col-
lagenase injections. Although no standardized injection technique
has been clearly described in the literature, delivering corticoste-
roids directly into the fibromatosis nodule—thereby suppressing
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FIGURE1 | Panoramic ultrasonographic images of the plantar fasciae of the left (A) and right (B) feet showing diffuse hypoechoic nodules (ar-

rowheads) consistent with bilateral plantar fibromatosis. c: Calcaneus, fdb: Flexor digitorum brevis muscle, qp: Quadratus plantae muscle.

myofibroblast activity—and into the adjacent deep fascial layers to
inhibit inflammation offers therapeutic benefit [2, 6, 7].

This case is noteworthy for several reasons: bilateral involvement
in a female patient, absence of associated secondary systemic con-
ditions, a prolonged 15-year delay in seeking medical care, and
the possible contribution of repetitive occupational trauma and
obesity. Musculoskeletal US identified the underlying cause and
revealed an atypical presentation of plantar fibromatosis. Given
its accessibility, noninvasive nature, and dynamic capabilities,
US represents a valuable tool for early diagnosis and appropriate
management. Furthermore, advanced US techniques such as pan-
oramic imaging and power Doppler may further enhance diagnos-
tic accuracy and therapeutic guidance, as shown in our case.
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Dear Editor,

Anifrolumab, a monoclonal antibody approved by the FDA that
targets the type I interferon receptor subunit 1, demonstrated
cutaneous response in systemic lupus erythematosus (SLE)
during the phase 3 TULIP-2 trial. Numerous studies have since
documented its efficacy in cutaneous lupus erythematosus of
various subtypes [1, 2]. However, optimal treatment duration
remains undefined.

Here, we report a case of refractory cutaneous lupus erythema-
tosus that rapidly responded to Anifrolumab, flared shortly after
discontinuation, and regained control upon rechallenge with
ongoing therapy. Our case reinforces Anifrolumab's efficacy in
refractory cutaneous SLE while highlighting the potential need
for long-term therapy in selected patients.

A 47year old woman with a history of SLE was referred to our
rheumatology clinic for her SLE management. SLE phenotype
was characterized by severe subacute cutaneous lupus ery-
thematosus, Raynaud phenomenon, and intermittent fevers.
Autoantibody profile revealed ANA titer of 1:1280, high titer dou-
ble stranded DNA, anti-SS-A, anti-Smith, and anti-chromatin
antibodies, as well as low C3 and C4 levels. The physical exam
was significant for widespread cutaneous rashes encompassing
the hands, face, bilateral upper arms, chest, and back with a
CLASI-A score of 26 consistent with severe cutaneous disease
(Figure 1). Skin biopsy of the upper arm revealed vacuolar in-
terface dermatitis. Direct Immunofluorescence showed pos-
itivity for IgG, C3, IgA, and IgM confirming cutaneous lupus

erythematosus diagnosis (Figure S1). Past medication history
over the course of nearly 20years included cyclophosphamide,
mycophenolate mofetil, azathioprine, methotrexate, and pro-
longed glucocorticoid use without adequate control of her cuta-
neous symptoms. At the time of presentation to our clinic, she
was on hydroxychloroquine 400mg daily, belimumab 200mg
subcutaneously once a week and intravenous immunoglobulins
(IVIG) 2g/kg every 4weeks. Belimumab and IVIG were discon-
tinued, and the patient was started on Anifrolumab 300mg IV
every 4weeks. On follow-up visit, 7weeks after her first dose, the
patient demonstrated significant improvement and near com-
plete resolution of active cutaneous disease with CLASI-A score
of 1 (Figure 2). After 12weeks of treatment, therapy was held
for a scheduled cervical spine fusion surgery for radiculopathy
symptoms, and 6weeks later severe cutaneous flare occurred
with suspected superimposed infection similar to her previous
flares. Evidence for concurrent infection was limited. The pa-
tient resumed 300mg IV Anifrolumab after a course of doxy-
cycline with remission of her cutaneous disease to date. Patient
has continued hydroxychloroquine 400 mg daily throughout her
treatment and flare periods.

Studies have shown that cutaneous manifestations of SLE are
associated with cytotoxic lesional inflammation driven by in-
creased expression of type 1 interferons [3]. Anifrolumab, a
monoclonal anti-type 1 interferon receptor subunit 1 antibody
showed significant cutaneous response in secondary endpoint
analyses of the TULIP-2 trial and since then several case reports
have demonstrated this efficacy [1-3]. Our case further adds
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FIGURE1 | Widespread cutaneous rashes encompassing the face, chest, hand, and back.

to this body of literature, with significant improvement in the
CLASI-A score for our patient especially after failing multiple
other immunosuppressive medications.

Uniquely, in our case, Anifrolumab was temporarily held for cer-
vical spine fusion surgery for cervical myelopathy. The patient's
cutaneous lupus relapsed within weeks after Anifrolumab dis-
continuation even though she was taking hydroxychloroquine.
The temporal relationship between Anifrolumab initiation

leading to cutaneous lupus resolution, Anifrolumab discontin-
uation, and subsequent cutaneous lupus exacerbation suggests
its strong therapeutic role in cutaneous manifestations of SLE.
However, given the nature of the case report, limited conclu-
sions can be drawn regarding causal relationships.

The exacerbation of our patient's cutaneous disease after dis-
continuation of Anifrolumab also highlights the limitation of
current literature on the optimal duration of Anifrolumab for
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FIGURE2 | Near complete resolution of active cutaneous disease after initiation of Anifrolumab.

cutaneous SLE. TULIP-LTE extension study demonstrated ef-
ficacy of continued Anifrolumab therapy in reducing cutane-
ous lupus burden up to 39 months with a favorable benefit-risk
profile, but it did not provide data on optimal duration [4]. The
MUSE trial showed worsening of SLE symptoms including cu-
taneous disease within 8 weeks of discontinuation [2]. On the
other hand, some case reports have described continued remis-
sion at 6 months to 1year of follow-up in patients who discontin-
ued Anifrolumab [5]. A potential explanation for these divergent
observations is differences in severity of disease manifestation.
Case reports showing patients with sustained remission after
Anifrolumab discontinuation also have limited cutaneous SLE
involvement with only facial rashes [5]. Our case further high-
lights the need for research on this topic and guidance on main-
tenance of Anifrolumab, especially in patients with refractory
cutaneous disease.
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ABSTRACT

Objective: Anti-SSA antibodies are among the most prevalent autoantibodies in systemic lupus erythematosus. While their
association with cutaneous manifestations and neonatal lupus is established, their prognostic utility regarding long-term sur-
vival and major organ damage in adult SLE remains controversial, particularly in Asian populations. Furthermore, the added
prognostic value of anti-SSB antibodies in anti-SSA-positive patients is debated. This study aimed to evaluate the impact of anti-
SSA status on clinical phenotypes and long-term outcomes and to assess whether double positivity (anti-SSA+/SSB+) confers
additional risk compared to single positivity (anti-SSA+/SSB-).

Methods: We conducted a retrospective cohort study of 511 SLE patients at a medical center in Taiwan. Patients were stratified
into anti-SSA positive (n =331) and anti-SSA negative (n=180) groups. We compared clinical characteristics, serological profiles,
disease activity (SLEDAI), and long-term outcomes, including mortality, end-stage renal disease (ESRD), and interstitial lung
disease (ILD). A subgroup analysis was performed to compare single positive versus double positive patients.

Results: Anti-SSA positive patients were predominantly female (92.7% vs. 81.7%, p<0.001) and exhibited significantly higher
disease activity (SLEDAI: 13.8+6.5 vs. 12.1+ 6.0, p=0.003). Immunologically, the anti-SSA positive group displayed a distinct
“multiple autoantibody positivity” profile, characterized by a higher prevalence of anti-dsDNA (74.6% vs. 65.0%, p=0.028), an-
ti-Sm (44.1% vs. 22.8%, p <0.001), and anti-RNP (48.3% vs. 31.7%, p < 0.001), along with lower C3 and C4 levels. However, despite
this active serological profile, there were no significant differences between anti-SSA positive and negative groups regarding
all-cause mortality (16.3% vs. 20.6%, p=0.282), ESRD (10.0% vs. 8.3%, p=0.655), or ILD (5.4% vs. 4.4%, p=0.781). Multivariable
regression models confirmed that anti-SSA status was not an independent predictor for mortality (adjusted Hazard Ratio [aHR]
0.82, p=0.376), ESRD (adjusted Odds Ratio [aOR] 1.17, p=0.654), or ILD (aOR 1.52, p =0.369).

Conclusion: In this Asian SLE cohort, anti-SSA positivity served as a marker for a phenotype characterized by high immunolog-
ical activity and multiple autoantibody positivity but was not significantly associated with poor long-term survival or irreversible
organ damage in this cohort. However, larger studies are required to definitively exclude modest prognostic effects. The presence
of anti-SSB antibodies provided limited additional prognostic value for adult outcomes, suggesting that risk stratification should
focus on the primary driver, anti-SSA.
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Key Points

+ Anti-SSA positivity marks a phenotype of high immu-
nological activity, although a significant independent
association with mortality or irreversible organ dam-
age was not observed in this cohort.

« Concomitant anti-SSB positivity confers limited addi-
tional prognostic risk for adult outcomes compared to
isolated anti-SSA positivity.

« Anti-SSA status is not associated with interstitial lung
disease in this Asian SLE cohort, diverging from re-
ports in Western populations.

1 | Introduction

Beyond its serological complexity, SLE is defined by its capac-
ity to affect virtually any organ system. However, the burden of
disease is not distributed equally among patients; a significant
subset suffers from major organ damage, while others experi-
ence a more benign course predominantly limited to the skin
and joints [1]. Discerning the prognostic significance of specific
autoantibodies is therefore essential [2]. Several studies have re-
ported that different serological factors will influence the pre-
sentations and outcomes in SLE patients [3, 4]. Among these,
antibodies against the Ro/SSA and La/SSB ribonucleoprotein
complexes are some of the most frequently detected, with a prev-
alence ranging from 30% to 70% depending on the population
studied [5, 6].

Historically, the clinical significance of anti-SSA antibodies has
been linked to specific phenotypes, such as subacute cutaneous
lupus, photosensitivity, and the risk of neonatal lupus syndrome
(congenital heart block) in offspring [7, 8]. However, the prog-
nostic value of anti-SSA antibodies regarding major organ in-
volvement and long-term survival in adult SLE patients remains
a subject of debate. While some studies suggest an association
with interstitial lung disease (ILD) and renal involvement [9, 10],
others report no significant impact on mortality or severe organ
damage [11]. This discrepancy is particularly notable in Asian
populations, where genetic backgrounds and disease pheno-
types differ from Western cohorts [12].

Furthermore, anti-SSA and anti-SSB antibodies often coexist
as a “linked set.” The clinical utility of testing for anti-SSB in
the presence of anti-SSA has recently been questioned. It re-
mains unclear whether “double positive” patients (anti-SSA+/
SSB+) face a worse prognosis than “single positive” patients
(anti-SSA+/SSB-), or if anti-SSB is merely an epiphenomenon
with limited independent prognostic significance for adult out-
comes [3].

In this study, we utilized a large cohort of Taiwanese SLE pa-
tients to: (1) characterize the clinical and immunological profile
of anti-SSA positive patients; (2) determine whether anti-SSA
status predicts long-term outcomes such as mortality, end-stage
renal disease (ESRD), and ILD; and (3) investigate whether the
presence of anti-SSB antibodies results in additional risk in the
anti-SSA positive subpopulation.

2 | Patients and Methods
2.1 | Study Design and Population

This retrospective cohort study was conducted and reported
in accordance with the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) guidelines.
This study included 511 patients diagnosed with SLE accord-
ing to the 1997 American College of Rheumatology revised
criteria [13] or the 2012 SLICC criteria [14]. Patients were
recruited from the lupus database of Chang Gung Memorial
Hospital, a tertiary referral center in Taiwan. Patients admit-
ted and treated for SLE at the Chang Gung Memorial Hospital
between January 2005 and December 2012 were enrolled and
followed up until March 31, 2019. The study protocol was
approved by the Institutional Review Board of Chang Gung
Medical Foundation (IRB No. 103-2394C; approval date: May
21, 2014).

2.2 | Data Collection

Demographic data, including age at diagnosis, gender, and dis-
ease duration, were collected. Clinical manifestations were re-
corded based on ACR criteria definitions, including malar rash,
discoid rash, photosensitivity, oral ulcers, arthritis, serositis
(pleuritis/pericarditis), renal disorder (proteinuria >0.5g/day
or cellular casts), and neuropsychiatric involvement (seizure/
psychosis).

2.3 | Immunological Assessment

Autoantibody profiles were determined at the time of diagnosis.
Anti-SSA and anti-SSB antibodies were detected using ZEUS
AtheNA multi-lyte ANA-II Plus Test System (ZEUS Scientific,
Branchburg, NJ, USA). Other serological markers included anti-
double-stranded DNA (anti-dsDNA), anti-Sm, and anti-RNP
using the same method. Serum complement levels (C3, C4)
were measured by nephelometry. Disease activity was assessed
using the Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI).

2.4 | Outcome Definitions
The primary outcomes were:

1. All-cause Mortality: Death from any cause during the
follow-up period.

2. End-Stage Renal Disease (ESRD): Requirement for
chronic dialysis or renal transplantation.

3. Interstitial Lung Disease (ILD): Diagnosed based
on clinical evaluation of suggestive symptoms (e.g., pro-
gressive dyspnea, dry cough). All documented ILD cases
were confirmed by high-resolution computed tomography
(HRCT) interpreted by radiologists. Cases of suspected
drug-induced ILD or active pulmonary infections were ex-
cluded through comprehensive clinical and microbiologi-
cal assessments.
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2.5 | Statistical Analysis

Patients were stratified into two groups: Anti-SSA positive and
anti-SSA negative. The normality of continuous variables was
assessed using the Kolmogorov-Smirnov test. Normally distrib-
uted variables were analyzed using the Student's ¢-test, while
non-normally distributed variables were compared using the
Mann-Whitney U test. Categorical variables were presented
as frequencies and percentages and compared using the Chi-
square test or Fisher's exact test. Kaplan-Meier survival analy-
sis with the Log-rank test was used to compare survival curves.
To establish the independent prognostic value of anti-SSA pos-
itivity, multivariable regression models were constructed. A
multivariable Cox proportional hazards regression model was
used to evaluate all-cause mortality, generating adjusted haz-
ard ratios (aHR). For major organ damage outcomes (ESRD and
ILD), multivariable logistic regression models were employed
to calculate adjusted odds ratios (aOR), with disease duration
included as an additional covariate. All multivariable models
were adjusted for potential baseline confounders, including age
at diagnosis, sex, baseline SLEDATI score, and the use of immu-
nomodulatory medications (hydroxychloroquine, azathioprine,
cyclophosphamide, and mycophenolate mofetil). Systemic glu-
cocorticoids were explicitly excluded from the multivariable
analyses due to their near-universal use (>97%) in this cohort,
which precluded meaningful statistical comparison and would
cause quasi-complete separation. A secondary subgroup anal-
ysis compared single positive (SSA+/SSB-) and double positive
(SSA+/SSB+) patients. A p-value <0.05 was considered statis-
tically significant. All statistical analyses were performed using
SPSS version 25.0 (IBM Corp., Armonk, NY, USA).

3 | Results
3.1 | Demographic and Clinical Characteristics

Of the 511 patients included, 331 (64.8%) were anti-SSA positive.
The demographic and clinical characteristics are summarized in
Table 1. Anti-SSA positive patients were significantly more likely
to be female (92.7% vs. 81.7%, p<0.001). There was no signifi-
cant difference in age at diagnosis (39.9 vs. 41.2years, p=0.388)
or disease duration between the two groups. Clinically, anti-SSA
positive patients showed a trend toward a higher prevalence of
malar rash (49.2% vs. 40.6%, p=0.074) and renal involvement
(proteinuria) (63.4% vs. 54.4%, p=0.059), although these did not
reach statistical significance.

3.2 | Immunological Profile and Disease Activity

Anti-SSA positivity was strongly associated with a highly active
immunological profile (Table 1). As shown in Figure 1, the anti-
SSA positive group displayed a distinct pattern of ‘multiple au-
toantibody positivity, exhibiting a markedly higher prevalence
of concurrent autoantibodies compared to the negative group.
Patients in the SSA positive group had a significantly higher prev-
alence of anti-dsDNA (74.6% vs. 65.0%, p=0.028), anti-Sm (44.1%
vs. 22.8%, p<0.001), anti-RNP (48.3% vs. 31.7%, p<0.001), and
anti-SSB antibodies (46.5% vs. 1.7%, p<0.001). Consistent with
this multiple autoantibody positivity, SSA-positive patients had

significantly lower mean C3 (64.6 vs. 74.6mg/dL, p=0.002) and
C4 levels (12.6 vs. 14.7mg/dL, p=0.017). Consequently, the mean
SLEDALI score was significantly higher in the SSA-positive group
(13.8+6.5) compared to the negative group (12.1+6.0) (p=0.003).

3.3 | Long-Term Outcomes

Despite the higher disease activity and immunological bur-
den, anti-SSA status did not translate into worse long-term
outcomes (Table 2). The all-cause mortality rate was not sig-
nificantly different between SSA-positive (16.3%) and negative
(20.6%) groups (p =0.282). Regarding cause-specific mortality,
infection (including pneumonia and sepsis) was the leading
cause of death in both groups, accounting for 31 deaths (17.2%)
in the anti-SSA negative group and 36 deaths (10.9%) in the anti-
SSA positive group, followed by cardiovascular events (4 vs. 9
deaths, respectively). The total observation period comprised
6 109 person-years. The overall incidence rate of mortality was
14.9 per 1 000 person-years (17.5 in the SSA-negative group vs.
13.5 in the SSA-positive group). The incidence rates for ESRD
and ILD were 7.9 and 4.3 per 1 000 person-years, respectively,
with no statistically significant differences between the two
groups. To account for baseline demographic differences and
medication use, multivariable regression analyses were per-
formed (Table 3). After adjusting for confounding factors—in-
cluding age, sex, baseline SLEDAI, and immunomodulatory
therapies—anti-SSA positivity was not independently asso-
ciated with a higher risk of adverse long-term outcomes. In
the multivariable Cox regression model, anti-SSA status did
not significantly predict all-cause mortality (adjusted Hazard
Ratio [aHR] 0.82, 95% CI 0.53-1.27, p=0.376). Similarly, mul-
tivariable logistic regression analyses revealed that anti-SSA
positivity was not a significant independent risk factor for the
development of ESRD (adjusted Odds Ratio [aOR] 1.17, 95%
CI 0.59-2.34, p=0.654) or ILD (aOR 1.52, 95% CI 0.61-3.77,
p=0.369). Instead, traditional risk factors such as older age
at diagnosis, male sex, and higher baseline SLEDAI scores re-
mained the primary independent predictors for mortality in
this cohort. The Kaplan-Meier survival analysis, presented in
Figure 2, confirmed that the survival curves for both groups
overlap significantly throughout the follow-up period, indi-
cating that anti-SSA status is not a differential predictor of
long-term survival. Although median survival times were
not reached due to the overall high survival rates, landmark
analysis revealed 1-year and 5-year survival rates of 92.6% and
90.8% for the anti-SSA negative group, compared to 97.6% and
91.1% for the anti-SSA positive group, respectively. Similarly,
there were no significant differences in the incidence of ESRD
(10.0% vs. 8.3%, p=0.655) or ILD (5.4% vs. 4.4%, p=0.781).
These findings were further confirmed in our multivariable
analyses (Table 3).

3.4 | Subgroup Analysis: The Role of Anti-SSB

To determine if double positivity confers additional risk,
we compared single positive (SSA+/SSB-, n=177) and dou-
ble positive (SSA+/SSB+, n=154) patients (Supplementary
Table 1). Interestingly, double positive patients were sig-
nificantly younger at diagnosis compared to single positive
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TABLE1 | Demographic and clinical characteristics of SLE patients stratified by anti-SSA status.

Characteristic SSA Negative (n=180) SSA Positive (n=331) 4]
Demographics
Age at Diagnosis (years), mean = SD 41.2+17.2 39.9+15.5 0.388
Female, n (%) 147 (81.7%) 307 (92.7%) <0.001*
Disease Duration (years), mean + SD 11.8+8.1 12.1+£8.0 0.687
Mucocutaneous Manifestations
Malar Rash 73 (40.6%) 163 (49.2%) 0.074
Discoid Rash 15 (8.3%) 31 (9.4%) 0.820
Photosensitivity 20 (11.1%) 53 (16.0%) 0.168
Oral Ulcers 52 (28.9%) 80 (24.2%) 0.290
Other Clinical Features
Arthritis 90 (50.0%) 194 (58.6%) 0.075
Serositis (Pleuritis or Pericarditis) 68 (37.8%) 134 (40.5%) 0.542
Pleuritis 57 (31.7%) 106 (32.0%) 1.000
Pericarditis 21 (11.7%) 56 (16.9%) 0.145
Neuropsychiatric SLE (Seizure/Psychosis) 26 (14.4%) 57 (17.2%) 0.412
Renal Involvement (Proteinuria) 98 (54.4%) 210 (63.4%) 0.059
Autoantibody Profile
Anti-dsDNA Positive 117 (65.0%) 247 (74.6%) 0.028*
Anti-Sm Positive 41 (22.8%) 146 (44.1%) <0.001*
Anti-RNP Positive 57 (31.7%) 160 (48.3%) <0.001*
Anti-SSB (La) Positive 3(1.7%) 154 (46.5%) <0.001*
Complement Levels
C3 (mg/dL), mean +SD 74.6+35.8 64.6+30.2 0.002*
C4 (mg/dL), mean+SD 14.7+9.4 12.6 £8.9 0.017*
Disease Activity
SLEDALI Score, mean +SD 12.1+6.0 13.8+6.5 0.003*
Medications
Hydroxychloroquine 127 (70.6%) 262 (79.2%) 0.039*
Glucocorticoids 176 (97.8%) 324 (97.9%) 1.000
Azathioprine 62 (34.4%) 135 (40.8%) 0.190
Cyclophosphamide 25(13.9%) 47 (14.2%) 1.000
Mycophenolate Mofetil 25(13.9%) 38 (11.5%) 0.516

Abbreviations: SLE, systemic lupus erythematosus; SLEDALI, systemic lupus erythematosus disease activity index; Anti-dsDNA, anti-double-stranded DNA; C3,

complement 3; C4, complement 4; SD, standard deviation; *p <0.05.

patients (38.1 £12.8 vs. 41.5 £ 14.2 years, p =0.024). Clinically,
the double positive group exhibited a higher prevalence of
renal involvement, specifically proteinuria (69.5% vs. 58.2%,
p=0.038). This group also displayed a more intense immu-
nological profile, characterized by significantly higher rates
of anti-dsDNA (83.1% vs. 67.2%, p <0.001), anti-Sm (59.1% vs.
31.1%, p<0.001), and anti-RNP antibodies (67.5% vs. 31.6%,

p<0.001), alongside lower C3/C4 levels and higher SLEDAI
scores (15.3+6.6 vs. 12.5+6.2, p<0.001). However, despite
this heightened serological activity and renal inflammation,
there were no statistically significant differences in long-term
hard outcomes, including all-cause mortality (16.9% vs. 15.8%,
p=0.793), ESRD (10.4% vs. 9.6%, p=0.812), or ILD (4.5% vs.
6.2%, p=0.499).
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FIGURE1 | Comparison of autoantibody profiles between anti-SSA positive and negative SLE patients.

TABLE2 | Long-term outcomes and major organ damage in patients
with SLE.

SSA SSA
Negative Positive
Outcome (n=180) (n=331) 4
Mortality
All-cause 37 (20.6%) 54 (16.3%)  0.282
Mortality
Incidence Rate 17.5 13.5
(per 1 000 PY)
Cause-Specific
Mortality
Infection/Sepsis 31 (17.2%) 36 (10.9%) 0.054
Cardiovascular 4(2.2%) 9(2.7%) 0.730
Events
Major Organ
Damage
End-Stage Renal 15 (8.3%) 33 (10.0%) 0.655
Disease (ESRD)
Incidence Rate 7.1 8.3
(per 1 000 PY)
Interstitial Lung 8 (4.4%) 18 (5.4%) 0.781
Disease (ILD)
Incidence Rate 3.8 4.5
(per 1 000 PY)

Abbreviation: PY: person-years.

4 | Discussion

In our large cohort of SLE patients in Taiwan, we re-evaluated
the clinical significance of anti-SSA antibodies. Our findings
delineate a clear distinction between the “serological pheno-
type” and the “prognostic outcome” of these patients. While

anti-SSA positivity was a strong marker for high immunolog-
ical activity—characterized by multiple autoantibody positiv-
ity, hypocomplementemia, and higher SLEDAI scores—it was
not significantly associated with an increased risk of mortality
or major organ damage (ESRD, ILD) in our adjusted analyses.
Furthermore, our data suggest that the concomitant presence
of anti-SSB antibodies adds limited prognostic value regarding
adult organ outcomes.

The association between anti-SSA and a distinct serological pro-
file is well-documented. Our study confirmed that SSA-positive
patients are more likely to harbor multiple other autoantibod-
ies, including anti-dsDNA, Sm, and RNP. This suggests a state
of polyclonal B-cell activation. The significantly higher SLEDAI
scores in our SSA-positive group are likely driven by these se-
rological abnormalities (low complement, high dsDNA) rather
than severe organ manifestations, as the rates of CNS lupus,
severe nephritis (ESRD), and carditis were not significantly
different. Furthermore, while the mean SLEDAI score was sta-
tistically higher in the anti-SSA positive group (13.8 vs. 12.1,
p=0.003), this absolute difference of 1.7 points is relatively mod-
est. Its clinical significance must be interpreted cautiously, as a
shift of less than 3-4 points on the SLEDAI scale often does not
trigger an immediate escalation in clinical management.

Regarding survival outcomes, the dissociation between high
disease activity and mortality rates in our Anti-SSA positive
cohort is noteworthy. Although these patients exhibited signifi-
cantly higher SLEDAI scores and lower complement levels, this
‘serological storm’ did not translate into a survival disadvantage.
This finding suggests that the elevated disease activity scores in
this subgroup are largely driven by the heavy weight of immu-
nological variables (e.g., anti-dsDNA, low complement) in the
SLEDALI scoring system rather than by life-threatening organ
failure. Consequently, in the absence of severe organ damage,
Anti-SSA positivity alone should not be interpreted as a harbin-
ger of early mortality [15]. Furthermore, a closer examination
of the Kaplan-Meier survival curves reveals an interesting dy-
namic of early separation that converges over time. Although
median survival times were not reached due to the overall high
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TABLE 3

| Multivariable regression analysis for predictors of long-term outcomes in SLE patients.

All-Cause Mortality

End-Stage Renal Disease

Interstitial Lung Disease

aHR (95% CI) P aOR (95% CI) P aOR (95% CI) P
Age at Diagnosis 1.06 (1.04-1.07) <0.001* 1.00 (0.98-1.02) 0.916 1.01 (0.99-1.04) 0.280
Female Sex 0.50 (0.28-0.89) 0.019* 0.35 (0.14-0.83) 0.017* 0.24 (0.09-0.64) 0.005*
Disease Duration N/A N/A 1.02 (0.98-1.06) 0.359 0.99 (0.93-1.05) 0.736
Baseline SLEDAI 1.09 (1.06-1.12) <0.001* 1.10 (1.05-1.14) <0.001* 1.05(0.99-1.12) 0.089
Hydroxychloroquine 0.69 (0.44-1.09) 0.113 0.90 (0.43-1.89) 0.782 1.54 (0.55-4.28) 0.410
Azathioprine 0.88 (0.55-1.42) 0.607 1.10 (0.57-2.12) 0.785 0.44 (0.16-1.22) 0.115
Cyclophosphamide 2.04(1.18-3.54) 0.011* 1.99 (0.92-4.28) 0.080 0.80(0.21-3.15) 0.755
Mycophenolate 1.39 (0.72-2.69) 0.322 1.09 (0.46-2.60) 0.849 1.86 (0.54-6.43) 0.326
Anti-SSA Positivity 0.82(0.53-1.27) 0.376 1.17 (0.59-2.34) 0.654 1.52 (0.61-3.77) 0.369

*aHR = adjusted Hazard Ratio; aOR =adjusted Odds Ratio; CI=Confidence Interval. All regression models were adjusted for baseline confounding factors including
age at diagnosis, sex, baseline SLEDAI score, and the use of immunomodulatory medications (Hydroxychloroquine, Azathioprine, Cyclophosphamide, Mycophenolate
Mofetil). Disease duration was additionally adjusted for in the End-Stage Renal Disease and Interstitial Lung Disease models. Systemic glucocorticoids were excluded
from the multivariable models due to extremely high prevalence (>97% in both groups), causing complete statistical separation.
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FIGURE 2 | Kaplan-Meier survival analysis of SLE patients stratified by anti-SSA status.

survival rates, landmark analysis revealed 1-year and 5-year
survival rates of 92.6% and 90.8% for the anti-SSA negative
group, compared to 97.6% and 91.1% for the anti-SSA positive
group, respectively. This initial slight separation likely reflects
early mortality events in the anti-SSA negative group, whereas
the subsequent convergence suggests that long-term survival is
primarily driven by chronic damage accrual (such as cardiovas-
cular events or end-stage renal complications) rather than base-
line anti-SSA status. This underscores that while acute flares
may influence early survival trajectories, anti-SSA positivity
does not independently worsen late mortality.

Similarly, the relationship between Anti-SSA positivity and
renal prognosis appears nuanced in our study. While we ob-
served a trend toward a higher prevalence of proteinuria in
Anti-SSA positive patients and significantly higher rates in the
double-positive subgroup, this did not accelerate the progression

to ESRD. This implies that while Anti-SSA (and its associated
multiple autoantibody positivity) may contribute to renal im-
mune complex deposition or specific histological patterns, we
did not observe a statistically significant increase in the risk for
irreversible renal scarring as other risk factors [16]. Our find-
ings do not demonstrate an independent association between
anti-SSA status and ESRD in this cohort. The implications of
anti-SSA positivity for therapeutic decision-making in lupus
nephritis require further prospective investigation, particularly
incorporating biopsy-proven histological classifications and lon-
gitudinal renal activity.

A crucial finding of our study is the lack of association between
anti-SSA and ILD. Previous studies, particularly in Western
cohorts, have identified anti-SSA as a risk factor for ILD [17].
However, our data showed a low prevalence of ILD (~5%) with
no significant difference between groups. This discrepancy
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may be attributed to ethnic differences or the specific detection
methods used. Recent literature suggests that antibodies against
the Ro52 subunit (often measured separately) are more strongly
linked to ILD than the Ro60 subunit in several autoimmune
diseases [18, 19]. Since standard clinical assays often detect a
mix of Ro60/Ro52, the specific risk of Ro52 might be diluted.
The discussion regarding the distinct pathogenic roles of Ro52
versus Ro60 is interesting; however, it remains purely specu-
lative in the context of our study, as these autoantibodies were
not measured separately by our composite clinical assay. Future
prospective studies utilizing differentiated assays are required
to confirm these specific associations in Asian populations. Our
findings align with other Asian studies suggesting that age and
disease duration may be more potent predictors of ILD in this
population than anti-SSA status alone [20]. Furthermore, the
management of SLE must increasingly focus on the heavy bur-
den of comorbidities. In our cohort, infection and cardiovascular
events were the leading causes of mortality across both groups,
independent of anti-SSA status. Given that anti-SSA positivity
did not independently predict early mortality, clinical attention
should remain heavily directed toward screening and managing
traditional SLE comorbidities, such as mitigating cardiovascu-
lar risk factors and preventing severe opportunistic infections,
particularly in patients receiving potent immunosuppressive
regimens.

Our subgroup analysis sheds new light on the ‘double positive’
(Anti-SSA+/SSB+) phenotype. We found that the presence of
Anti-SSB distinguishes a subset of patients with earlier disease
onset and a more intense ‘multiple autoantibody positivity’ pro-
file—marked by significantly higher prevalence of anti-dsDNA,
anti-Sm, and anti-RNP antibodies [7, 20]. While this heightened
immunological activity correlated with a higher rate of protein-
uria, it remarkably did not translate into a higher risk of irre-
versible renal damage (ESRD) or mortality. This dissociation
reinforces the concept that while Anti-SSB serves as a marker
for global B-cell hyperactivity and perhaps acute renal inflam-
mation (proteinuria), it does not significantly predict the pro-
gression to end-stage organ failure in treated adults [21]. Thus,
for long-term prognosis, the distinction between single and dou-
ble positivity appears less critical than clinical parameters [22],
although the association with younger onset age warrants atten-
tion in transition care and reproductive counseling.

Importantly, to address potential confounding effects by aggres-
sive immunosuppressive therapies, our multivariable models
further incorporated the use of key immunomodulatory and
cytotoxic agents (including azathioprine, cyclophosphamide,
and mycophenolate mofetil). Even after rigorous adjustment
for these therapeutic interventions alongside baseline disease
activity and demographics, anti-SSA positivity remained non-
significant regarding long-term mortality, ESRD, and ILD. This
confirms that the lack of prognostic divergence is not attribut-
able to unmeasured treatment biases between the two groups,
further reinforcing our conclusion that anti-SSA status should
not dictate aggressive escalation of therapy in the absence of
other active organ-threatening manifestations.

This study has several limitations that warrant consideration.
First, the retrospective design inherently limits the assessment
of causal relationships and precludes the analysis of longitudinal

serological fluctuations. We utilized baseline autoantibody pro-
files and could not account for potential seroconversion or vari-
ations in antibody titers over the disease course. Second, our
detection method did not distinguish between anti-Ro60 and
anti-Ro52 antibodies. Since recent evidence suggests that an-
ti-Ro52 is more specifically pathogenic regarding pulmonary fi-
brosis and interstitial lung disease, the use of a composite assay
might have diluted the specific signal of Ro52, potentially ob-
scuring a significant association with ILD in our cohort. Third,
although the total sample size was substantial, the absolute
number of severe outcome events—specifically ILD (n =26) and
ESRD (n=48)—was relatively low. This may limit the statistical
power (Type II error) to detect modest differences between sub-
groups. Consequently, the lack of statistically significant associ-
ations regarding ESRD and ILD should be interpreted cautiously
and does not definitively rule out the potential prognostic value
of these autoantibodies. Finally, while our multivariable mod-
els carefully adjusted for the use of major immunosuppressive
agents, the possibility of residual confounding—particularly re-
garding longitudinal cumulative dose exposure and medication
adherence—cannot be completely excluded.

5 | Conclusion

In conclusion, anti-SSA antibodies in SLE identify a subset of
patients with high immunological activity and a female pre-
dominance but do not independently predict a worse progno-
sis regarding survival, end-stage renal disease, or interstitial
lung disease in this Asian cohort. The addition of anti-SSB
provides minimal additional prognostic information for adult
outcomes. These findings argue against using anti-SSA/SSB
status as a primary stratifier for major organ damage risk,
suggesting a need to focus on other clinical and serological
markers for prognosis.
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Dear Editor,

Alpha-1 antitrypsin (AAT) deficiency is an inherited disorder
caused by pathogenic variants in the SERPINA1 gene and is char-
acterized by reduced serum levels or dysfunctional AAT protein.
It predominantly affects the lungs and liver, leading to early-onset
emphysema, chronic obstructive pulmonary disease, bronchiec-
tasis, and chronic liver disease, while less common manifesta-
tions include panniculitis [1]. Although renal involvement has
occasionally been reported, it is rare and is largely limited to iso-
lated case reports of immune-mediated glomerular diseases [2].

Beyond its role in protecting tissues from neutrophil elastase,
AAT is the principal endogenous inhibitor of proteinase 3 (PR3),
the major autoantigen in granulomatosis with polyangiitis (GPA).
Consequently, accumulating evidence suggests that AAT defi-
ciency is a genetic susceptibility factor for ANCA-associated vas-
culitis (AAV) [3]. Although most published studies have focused
on the association between AAT deficiency and PR3-ANCA-
positive disease, p-ANCA-positive AAV has also been reported, al-
beit less frequently [3]. Here, we report a patient with homozygous
Pi*ZZ AAT deficiency who presented with crescentic glomerulo-
nephritis, p-ANCA positivity by indirect immunofluorescence,
and negative PR3-ANCA and MPO-ANCA immunoassays.

A 50-year-old man with a 15-year history of chronic obstructive
pulmonary disease (COPD) was referred to the rheumatology
outpatient clinic with a one-year history of pain and swelling
involving the knees, wrists, and ankles. Physical examination
revealed bilateral wrist tenderness and swelling. Blood pres-
sure at presentation was 110/70mm Hg, and the remainder
of the systemic examination was unremarkable. He had a 10

pack-year smoking history but had quit smoking 15years ear-
lier. Laboratory investigations demonstrated a rheumatoid fac-
tor level of 296 IU/mL, whereas anti-cyclic citrullinated peptide
(anti-CCP) antibodies, antinuclear antibodies (ANA), and ex-
tractable nuclear antigen (ENA) antibodies were negative. The
erythrocyte sedimentation rate (ESR) was 40mm/h, and C-
reactive protein (CRP) was 15mg/L. During follow-up, urinaly-
sis revealed 3+ blood and 2+ protein, with 78 red blood cells and
10 white blood cells per high-power field. Twenty-four-hour uri-
nary protein excretion was 1137mg/day, and serum creatinine
increased to 2.21mg/dL. The patient subsequently developed
ankle arthritis accompanied by markedly elevated inflamma-
tory markers (CRP 156.7mg/L and ESR 50mm/h) and was ad-
mitted to the rheumatology ward for further evaluation.

Indirect immunofluorescence demonstrated p-ANCA positiv-
ity at a titer of 1:320, whereas PR3-ANCA and MPO-ANCA by
ELISA and anti-double-stranded DNA antibodies were negative.
Complement C3 and C4 levels were within the normal range, and
hepatitis B and C serologies were negative. There were no clinical
findings suggestive of active infection, and no purpura or other
vasculitic skin lesions were present. Anti-GBM antibodies were not
measured because this assay was not available at our institution.

A kidney biopsy containing 30 glomeruli revealed cellular cres-
cents in eight glomeruli (26.7%). The interstitium showed dense
lymphoplasmacytic inflammatory infiltrates with scattered
neutrophils, and focal tubular atrophy was present. Direct im-
munofluorescence was negative for immune deposits. The his-
topathological findings were considered consistent with Type I1I
(pauci-immune) crescentic glomerulonephritis in the context of

© 2026 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.

All rights reserved, including rights for text and data mining and training of artificial intelligence technologies or similar technologies.

International Journal of Rheumatic Diseases, 2026; 29:¢70871
https://doi.org/10.1111/1756-185x.70871

l1of3


https://doi.org/10.1111/1756-185x.70871
https://orcid.org/0000-0002-7973-1687
https://orcid.org/0009-0000-7162-7677
https://orcid.org/0000-0002-5891-2032
https://orcid.org/0000-0002-4429-9441
https://orcid.org/0000-0002-3273-7969
mailto:andac.d@hotmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1756-185x.70871&domain=pdf&date_stamp=2026-09-14

ANCA positivity. As the patient did not have rapidly progres-
sive glomerulonephritis or pulmonary or other life-threatening
organ involvement, and serum creatinine improved promptly
after initiation of glucocorticoid therapy, azathioprine was se-
lected as the immunosuppressive agent rather than cyclophos-
phamide or rituximab. Treatment with methylprednisolone
(48 mg/day) and azathioprine (100 mg/day) was continued.

Serum protein electrophoresis unexpectedly demonstrated
absence of the alpha-1 globulin fraction, raising suspicion of
alpha-1 antitrypsin deficiency. Chest computed tomography re-
vealed diffuse bilateral emphysematous changes and bronchial
abnormalities, together with fibrotic parenchymal bands and
tubular bronchiectasis in the medial segment of the right lower
lobe (Figure 1). There were no clinical or radiological findings
suggestive of pulmonary hemorrhage. Pulmonary function test-
ing demonstrated mild airflow obstruction, with an F EV, of 62%
predicted, an FVC of 110% predicted, and an FEV,/FVC ratio
of 45%. AAT genotyping identified a homozygous SERPINA1
¢.1096G>A (p.Glu366Lys; Pi*ZZ) mutation, confirming severe
alpha-1 antitrypsin deficiency. Serum alpha-1 antitrypsin con-
centration was markedly reduced at 0.33g/L (reference range,
0.8-2.0g/L). Abdominal ultrasonography demonstrated hetero-
geneous coarse hepatic parenchymal echogenicity and left lobe
hypertrophy, consistent with chronic liver disease, although
liver function tests remained within the normal range.

Alpha-1 proteinase inhibitor augmentation therapy was subse-

quently initiated. During follow-up, glucocorticoids were grad-
ually tapered to a maintenance dose of 4mg/day. After 1year of

Q

FIGURE1 | Chestcomputed tomography demonstrating diffuse em-
physematous changes in both lungs.

azathioprine and glucocorticoid therapy, including 8 months of
augmentation therapy, serum creatinine improved to 1.03mg/
dL, with an estimated glomerular filtration rate (eGFR) of
83mL/min/1.73m?. Twenty-four-hour urinary protein excre-
tion decreased to approximately 400mg/day. ANCA testing
was repeated during follow-up. PR3-ANCA and MPO-ANCA
remained negative by ELISA, while ANCA by indirect immuno-
fluorescence showed variable and decreasing titers. No clinical
relapse occurred during follow-up. Follow-up thoracic CT find-
ings were similar to baseline, with no new pulmonary involve-
ment. Repeat serum protein electrophoresis performed after
initiation of augmentation therapy demonstrated normalization
of the alpha-1 globulin fraction (2%; reference range, 1%-3%),
consistent with restoration of circulating AAT levels (Figure 2).

A recent systematic review and meta-analysis demonstrated that
carriers of the SERPINAL1 Z allele have approximately a three-
fold increased risk of developing GPA [3]. This association is
biologically plausible because AAT is the principal endogenous
inhibitor of PR3, and impaired inhibition of extracellular PR3
may promote persistent antigen exposure and autoimmunity.

Our patient represents an unusual presentation of AAT
deficiency-associated AAV, with p-ANCA positivity by indirect
immunofluorescence despite persistently negative PR3-ANCA
and MPO-ANCA immunoassays. Audrain et al. evaluated 191
homozygous Pi*ZZ individuals and found increased antibod-
ies against non-classical neutrophil antigens, including alpha-
granule components and human leukocyte elastase, whereas
PR3- and MPO-directed antibodies were not increased; impor-
tantly, none developed systemic vasculitis [4]. Similarly, Lhotta
et al. reported no c-ANCA or p-ANCA positivity or clinical
vasculitis among 47 patients with severe Pi*ZZ AAT deficiency
[5]. In contrast, our patient developed clinically overt crescentic
glomerulonephritis in association with p-ANCA positivity de-
spite repeatedly negative PR3-ANCA and MPO-ANCA assays.
This finding suggests that clinically significant vasculitic renal
disease may rarely occur in severe AAT deficiency even in the
absence of conventional PR3 or MPO reactivity.

Another distinctive feature of this case was that AAT deficiency
was suspected after the incidental finding of an absent alpha-1
globulin fraction on serum protein electrophoresis. Together
with longstanding COPD, relatively early-onset emphysema,
and bronchiectasis, this finding prompted genetic testing and
confirmed homozygous Pi*ZZ A AT deficiency. Previous reports
of MPO-ANCA-associated vasculitis in Pi*ZZ patients further
suggest that AAT deficiency may be associated with a broader
range of AAV phenotypes than the classical PR3-ANCA-positive
presentation [6].

Given the atypical serological profile and the relatively indolent
course of renal involvement, glucocorticoids and azathioprine
were selected as the initial treatment. Alpha-1 proteinase in-
hibitor augmentation therapy was subsequently initiated spe-
cifically for severe AAT deficiency. Although a potential role
of augmentation therapy in AAV has been proposed, current
evidence is limited to isolated case reports and its efficacy in
vasculitis has not been established [7]. Therefore, the renal im-
provement observed in our patient cannot be attributed to aug-
mentation therapy.
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NOTE: Alpha-1 band was not detected (suggestive of alpha-1 antitrypsin deficiency).

| J
"5 | Edited =]
Fractions % Reference Range (%)
Albumin 54.0 52.0-65.1
Alpha-1 2.0 1.0-3.0
Alpha-2 13.7 9.5-14.4
Beta-1 10.6 T 6.0-9.8
Beta-2 6.6 T 2.6-5.8
Gamma 13.1 10.7-20.3

Albumin/Globulin (A/G) Ratio: 1.18

FIGURE2 | Serum protein electrophoresis before and after alpha-1 proteinase inhibitor augmentation therapy. (A) (left) shows the pretreatment
electrophoresis, in which the alpha-1 band was not detected (reported alpha-1 fraction, 0.9%; reference range, 1.0%-3.0%). (B) (right) shows the post-
treatment electrophoresis, with normalization of the alpha-1 globulin fraction to 2.0%.

This case highlights the importance of considering AAT de-
ficiency in patients with AAV, particularly those with long-
standing COPD, early-onset or disproportionate emphysema,
bronchiectasis, or otherwise unexplained chronic liver disease.
Recognition of AAT deficiency may facilitate disease-specific
management, pulmonary follow-up, genetic counseling, and
family screening.

In conclusion, this case broadens the recognized clinical and se-
rological spectrum of AAT deficiency-associated AAV and high-
lights serum protein electrophoresis as a useful diagnostic clue
to previously unrecognized AAT deficiency.
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Allopurinol was the first xanthine oxidase inhibitor (XOI)
approved by the US Food and Drug Administration in 1966,
and has since become a cornerstone of urate-lowering ther-
apy (ULT) for primary and secondary hyperuricemia world-
wide. Allopurinol inhibits xanthine oxidase, thus reducing the
conversion of hypoxanthine and xanthine to uric acid, which
thereby lowers serum uric acid (SUA) and reduces urinary uric
acid excretion. Its active metabolite, oxypurinol, also inhibits
xanthine oxidase and has similar effects. Allopurinol is also
used to prevent or treat hyperuricemia associated with tumor
lysis syndrome in patients receiving cytotoxic therapy, and in
those with nephrolithiasis and hyperuricosuria [1]. Beyond
urate lowering, allopurinol has been reported to reduce oxi-
dative stress and improve endothelial dysfunction, suggesting
possible roles in slowing chronic kidney disease progression
and reducing cardiovascular events. Recent meta-analyses have
shown mixed results, suggesting potential reductions in cardio-
vascular morbidity but no consistent benefit for renal outcomes
[2, 3]. However, these findings should be interpreted with cau-
tion, due to variability in study quality and substantial hetero-
geneity among the included studies.

Although allopurinol is often recommended as first-line ULT
for gout by several rheumatology organizations, including
the American College of Rheumatology (ACR) [4], European
Alliance of Associations for Rheumatology (EULAR) [5], and
Asia Pacific League of Associations for Rheumatology (APLAR)
[6]; others also recommended a uricosuric agent as first-line ULT
treatment, including the Japanese Society of Gout and Nucleic
Acid Metabolism [7], and Chinese Society of Endocrinology [8],
which alone, suggested guiding its use by renal urate excretion.
These guidelines adopt a treat-to-target approach, which aims to
maintain SUA below its saturation point (<6.0mg/dL) in order

to prevent flares and promote dissolution of monosodium urate
(MSU) crystal deposits.

In clinical practice, selection of ULT for the treatment of gout
should be individualized and guided by current clinical guide-
lines. Assessment of urinary uric acid excretion and identifica-
tion of underexcretion or overexcretion phenotypes may be an
additional consideration in selected patients, particularly when
uricosuric therapy is being considered. Allopurinol has several
practical advantages, as it can be used in patients with either
under- or over-excretion of uric acid, and those with renal im-
pairment and a history of renal calculi. Its use is limited by the
development of allopurinol hypersensitivity reactions, ranging
from mild gastrointestinal symptoms and mild-to-moderate
cutaneous eruptions (e.g., maculopapular rash, angioedema or
urticaria, and fixed drug eruption) to rare but potentially severe
and life-threatening reactions; namely allopurinol hypersensi-
tivity syndrome (AHS) or severe cutaneous adverse reactions
(SCARs) that include Stevens-Johnson syndrome (SJS), toxic
epidermal necrolysis (TEN) and drug reaction with eosinophilia
and systemic symptoms (DRESS). AHS and SCARs are strongly
associated with HLA-B*58:01, which is more prevalent in East
and Southeast Asian populations than in people of European
ancestry [9]. Despite several guidelines recommending allo-
purinol as the first-line ULT, only a few of them recommend
HLA-B*58:01 screening before allopurinol initiation. The ACR
conditionally recommends testing for patients of Southeast
Asian descent (e.g., Han Chinese, Korean, Thai) and for African
American patients, and those who test positive are advised to
use alternative XOIs (e.g., febuxostat or topiroxostat) or consider
uricosuric therapy [4]. The APLAR weakly recommends HLA-
B*58:01 screening, even in populations with >5% of this gene
frequency, and genetic testing should be performed only when
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Practical Points

« Gout prevalence is rising in many low- and middle-
income countries (LMICs).

« In many LMICs, allopurinol is often the mainstay
urate-lowering therapy (ULT) because alterna-
tive ULTs and HLA-B*58:01 testing are limited or
unavailable.

« Increased allopurinol use may lead to more hypersen-
sitivity reactions; when alternative ULTSs are unavaila-
ble, allopurinol desensitization may be the only option
for selected patients.

it is cost-effective in that population, and when inexpensive al-
ternative medications are available for patients who tested posi-
tive [6]. The Hong Kong Society of Rheumatology recommends
that HLA-B*58:01 screening should be considered for patients
of Asian descent (e.g., Han, Chinese, Korean, Thai), African
American patients, and patients with risk factors for AHS, in-
cluding those >60years or with renal insufficiency (CKD stage
>3), and allopurinol should be avoided in patients who tested
positive [10].

The rationale for HLA-B*58:01 screening before allopuri-
nol initiation should probably be determined through cost-
effectiveness analysis. Interestingly, cost-effectiveness analyses
have shown conflicting results of HLA-B*58:01 screening be-
fore allopurinol initiation to prevent severe AHS in East and
Southeast Asia, a region with a relatively high prevalence of
this allele (Table S1). Such differences might have been related
to several factors including the socioeconomic status and prev-
alence of HLA-B*58:01 in its populations, as well as the costs of
genotyping and medical care, availability and cost of alternative
ULTs, analytic model used and chosen time horizon. However,
the decision to perform routine HLA-B*58:01 testing should
depend not only on cost-effectiveness analysis, but also ethical
issues because this adverse event is a serious medical condition,
and a balance between payers, patients, and physicians should
also be considered.

Recent reports indicate that the global prevalence of gout is in-
creasing, particularly in Asia, Latin America and Africa, which
are regions that include many low- and middle-income coun-
tries (LMICs) and other resource-limited settings (RLS) [11].
Implementing a screening-first approach in these settings is
challenging because HLA-B*58:01 testing may be unavailable
or costly, particularly outside tertiary centers. In these LMICs
and RLS, allopurinol may be the only available XOI, while other
XOIs (e.g., febuxostat or topiroxostat) and uricase-based therapy
(pegloticase) may be unavailable, inaccessible or unaffordable.
Uricosuric agents such as probenecid, sulfinpyrazone, and benz-
bromarone may be available, but their use is often constrained
because they generally require adequate renal function, are
most appropriate for patients with uric acid under-excretion,
and are typically avoided in patients with a history of renal cal-
culi. Consequently, as gout prevalence rises and access to HLA-
B*58:01 testing remains limited, allopurinol use is expected
to increase, and cases of allopurinol hypersensitivity may be
encountered more frequently. A common clinical scenario is a

patient with gout who has moderate renal impairment and/or
history of renal calculi, who develops a cutaneous reaction soon
after starting allopurinol in a setting where HLA-B*58:01 testing
is unavailable or unaffordable, yet they still require long-term
XOI therapy. This raises a practical clinical question: should the
patient be referred to a higher-level facility for alternative thera-
pies, or, when referral is not feasible, does allopurinol desensiti-
zation still have a role to play?

A report from the APLAR Gout Special Interest Group regis-
try indicated that allopurinol, febuxostat, and uricosurics were
used in 63%, 42%, and 3% of patients, respectively [12]. This was
observed even though several participating countries are located
in East and Southeast Asia, in which HLA-B*58:01 prevalence
is relatively high [9]. The very low use of uricosurics in the
Asia-Pacific region raises questions about how treatment aligns
with gout pathophysiology, given that many gout patients have
renal under-excretion of uric acid. This pattern probably reflects
physician familiarity, prescribing habits, and the positioning of
XOIs as first-line therapy in major guidelines [4-6].

The rationale for desensitization is gradual re-exposure to al-
lopurinol to promote immunological tolerance while minimiz-
ing the risk of recurrent hypersensitivity. The first allopurinol
desensitization regimen was developed by Meyrier in 1976 [13],
and was subsequently modified by several groups, using both
oral and intravenous desensitization regimens. These modified
regimens vary in starting dose, dose increments, and the interval
between dose increases. Oral desensitization can be categorized
as slow (~1.5-3 months), standard (~4 weeks), rapid (~2weeks),
and rush (~1week) desensitization, based on the time required
to reach the target dose, while intravenous desensitization can
be accomplished within 1day (Tables S2 and S3).

Among the reported regimens, Fam's regimen is one of the most
widely used [14]. However, evidence supporting efficacy remains
limited, because most reports are single cases or small case se-
ries, and most patients had mild-to-moderate allopurinol hyper-
sensitivity reactions (e.g., maculopapular rash, angioedema or
urticaria, and fixed drug eruption). Allopurinol desensitization
was successfully performed in 78% of a series of 32 patients with
mild-to-moderate allopurinol hypersensitivity reactions [15]. On
this basis, desensitization should generally be considered for pa-
tients with mild-to-moderate allopurinol hypersensitivity reac-
tions [10], after careful risk-benefit assessment and a thorough
discussion with the patient. If a patient develops a minor reac-
tion (e.g., limited cutaneous symptoms) during desensitization,
allopurinol should be stopped and the reaction managed appro-
priately; once symptoms have been resolved, desensitization can
be restarted at the next lower dose level [14, 16]. Intravenous
desensitization should be undertaken with extreme caution and
performed only in hospital settings with immediate access to re-
suscitation equipment and appropriately trained staff.

Severe AHS is generally considered a contraindication for al-
lopurinol desensitization. However, successful allopurinol de-
sensitization has been reported in cases with severe AHS [17].
There has also been a report of successful desensitization at the
second attempt, performed approximately 4 years after an ini-
tial failure due to severe AHS during the first desensitization
[18]. These cases are extraordinarily exceptional and should
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not be considered as routine efficacy; thus, allopurinol desen-
sitization should be performed in a situation when allopurinol
use is inevitable. The author experienced success in perform-
ing allopurinol desensitization in three patients with severe
AHS, in circumstances when allopurinol was the only avail-
able option at the author's institution. Such cases highlight
both the clinical pressure that can exist in RLS and the need
for extreme caution when considering desensitization outside
the usual indications.

Prevention is, of course, preferable to treatment. In addition to
HLA-B*58:01, older age, concomitant diuretic use, renal impair-
ment and a high starting dose of allopurinol are associated with
increased risk of AHS [19]. A starting dose of >1.5mg/eGFR
(mL/min/1.73 m?) has been associated with AHS; therefore, al-
lopurinol should be initiated at <1.5mg/eGFR [20]. The dose
should then be gradually increased (e.g., monthly) until the tar-
get SUA is attained, or the maximum tolerated dose is reached
(“start-low, go-slow”). Monthly increments of 50mg and 100 mg
in patients with eGFR <60 and >60mL/min/1.73m?, respec-
tively, have been reported to be safe without AHS [21].

Another emerging preventive approach is the use of non-genetic
clinical prediction models that combine patient characteristics
with routine laboratory data to estimate the probability of severe
AHS. The first model was developed in Thailand, potentially
representing East and Southeast Asian populations, and it cat-
egorizes the risk of severe AHS as low (< 1%), moderate (1%-2%)
and high (>2%) [22]. The second model was developed using
UK National Health Service data, in which most patients were
White (with low HLA-B*58:01 prevalence) and the numbers of
Chinese and other Asian ethnicities were smaller [23]. External
validation is needed to confirm model performance in regions
with a high prevalence of HLA-B*58:01.

In conclusion, allopurinol desensitization plays a limited role,
but it remains clinically useful, particularly in LMICs and RLS
where allopurinol may be the only available ULT. Desensitization
should be considered only for patients with mild-to-moderate
hypersensitivity reactions and it is contraindicated for patients
with severe AHS. Allopurinol desensitization in severe AHS
patients should be reserved for only exceptional circumstances
and performed in hospital with close monitoring and immedi-
ate access to resuscitation equipment. Where desensitization is
pursued, standard oral protocols are usually preferred, whereas
rapid, rush, or intravenous approaches should be avoided unless
there is an urgent clinical need and adequate facilities are avail-
able. Finally, the key question is not whether desensitization
works, but when it is appropriate. It can be a pragmatic option
when treatment choices are limited, but it should not replace
prevention (risk stratification, an appropriate starting dose, and
a “start-low, go-slow” strategy).
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Correction to “Paradigm Guiding to Tapering or
Discontinuation of Biologic and Targeted Synthetic
Disease-Modifying Antirheumatic Drugs in the Treatment
of Patients With Rheumatoid Arthritis: Results From

a Local Retrospective Cohort Study”

N. Kaban and H. Harman. “Paradigm Guiding to Tapering or Discontinuation of Biologic and Targeted Synthetic Disease-Modifying
Antirheumatic Drugs in the Treatment of Patients With Rheumatoid Arthritis: Results From a Local Retrospective Cohort Study,”
International Journal of Rheumatic Diseases 26 (2023): 689-698, https://doi.org/10.1111/1756-185X.14616.

The title of the above article was published as “Paradigm guiding to tapering or discontinuation of biologic and targeted synthetic
disease-modifying antirheumatic drugs in the treatment of patients with rheumatoid arthritis: Results from a local prospective
study.” It should be “Paradigm guiding to tapering or discontinuation of biologic and targeted synthetic disease-modifying antirheu-
matic drugs in the treatment of patients with rheumatoid arthritis: Results from a local retrospective cohort study.” This has been
corrected in the online article.

The objective in the abstract of the above article was “We prospectively conduct the current study to figure out predicting factors
whether biologic and targeted synthetic disease-modifying antirheumatic drugs (b/tsDMARDs) can be discontinued or tapered in
patients with rheumatoid arthritis (RA).” It should be “We retrospectively conducted the current study to figure out predicting factors
whether biologic and targeted synthetic disease-modifying antirheumatic drugs (b/tsDMARDs) can be discontinued or tapered in
patients with rheumatoid arthritis (RA).”

There was no ethics statement in the above article. An Ethics Statement should be added as follows:

Ethics Statement

The protocol for the retrospective review and analysis of existing routine-care medical records was approved by the University of
Health Sciences Kanuni Sultan Siileyman Training and Research Hospital Clinical Research Ethics Committee, Istanbul, Tiirkiye
(Decision No. 276, 27 October 2021). The study was conducted in accordance with the Declaration of Helsinki. The analysis was based
on existing routine-care records; no treatment was assigned, modified, or withheld for research purposes.

We apologize for these errors.
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Dear Editor,

Isotretinoin is commonly used to treat acne and may cause sac-
roiliitis. Sacroiliitis is usually reversible, but in severe cases, sys-
temic corticosteroids and biologics may be required. We report
a case of a young adolescent with acute-onset, severe, disabling
pain and magnetic resonance imaging (MRI) evidence of ex-
tensive sacroiliac bone marrow edema (BME), emphasizing the
need for immediate biological treatment. Fortunately, clinical
recovery occurred within 4months after stopping isotretinoin
without additional therapy. MRI is extremely useful for early di-
agnosis, monitoring, and confirming full recovery. Surprisingly,
BME may persist for about 2years despite early discontinuation
of isotretinoin. Awareness of this finding is also clinically prac-
tical when accidental MRI findings of sacroiliac BME are iden-
tified in asymptomatic young people who have previously been
exposed to isotretinoin.

Isotretinoin-induced acute sacroiliitis is a rare but well-
recognized adverse effect of a widely used medication for com-
mon acne [1, 2]. It typically begins within 8-10 weeks of therapy,
often bilaterally, regardless of the drug dose and duration of use
[1]. The exact mechanism of action on bone and joints remains
unknown, and why some patients develop sudden, often debil-
itating sacroiliac joint (SIJ) inflammation is unclear [3, 4]. It is
usually reversible after discontinuing isotretinoin, with a remit-
ting course. If diagnosis is delayed, multiple treatments—in-
cluding NSAIDs, corticosteroids, and biological therapies such
as tumor necrosis factor (TNF) blockers—may be necessary
[3-5]. Discontinuing isotretinoin can lead to full clinical and

radiologic resolution within 3-6 and 6-9months, respectively
[2, 6]. Although it is considered an uncommon condition, the
incidence of isotretinoin-associated inflammatory back pain or
sacroiliitis with BME is approximately 10% among isotretinoin
users, as reported in some studies [7-9].

A 14-year-old boy with moderate acne vulgaris was treated with
20mg of oral isotretinoin daily. Six weeks later, he sustained
minor blunt trauma to his left thigh during a school game, re-
sulting in limping, morning stiffness, Trendelenburg posture,
and a severe waddling gait with limited mobility that required
a walker. Isotretinoin was discontinued. Extensive orthopedic,
neurological, and hematological evaluations were performed
and were unremarkable. Although his ESR and CRP were
slightly elevated, tests including muscle enzymes, electromyo-
gram, nerve conduction studies, and MRI of the lower spine
were negative. His family history revealed that his grandmother
had Crohn's disease (CD) and a cousin had hidradenitis suppu-
rativa (HS), prompting additional testing (HLA-B27, HLA-B5,
gastroenterology assessment), all of which were negative, with
no infectious disease identified. Due to acute inflammatory
back pain, an MRI scan was performed four weeks after presen-
tation, showing extensive bone edema and bilateral sacroiliitis
(Figure 1A-C).

Isotretinoin-induced sacroiliitis was diagnosed after excluding
other differential diagnoses, including SAPHO syndrome (syno-
vitis, acne, pustulosis, hyperostosis, and osteitis or osteomyeli-
tis) and acne fulminans, which is characterized by sudden-onset

© 2026 Asia Pacific League of Associations for Rheumatology and John Wiley & Sons Australia, Ltd.

All rights reserved, including rights for text and data mining and training of artificial intelligence technologies or similar technologies.

International Journal of Rheumatic Diseases, 2026; 29:¢70876
https://doi.org/10.1111/1756-185x.70876

1of 4


https://doi.org/10.1111/1756-185x.70876
https://orcid.org/0000-0003-1671-8220
https://orcid.org/0000-0001-7924-4021
https://orcid.org/0000-0002-4345-5174
mailto:suhail_aamar@hotmail.com
http://crossmark.crossref.org/dialog/?doi=10.1111%2F1756-185x.70876&domain=pdf&date_stamp=2026-09-16

T1-weighted, fat suppression, T2-weighted, T1-weighted, fat suppression, T2-weighted Ti-weighted, fat supp ion, T2-welghted,
with Gadolinium; fat suppression; with Gadolinium; fat suppression; with Gadolinium; fat suppression;
coronal plane coronal plane coronal plane coronal plane axial plane axial plane

1 month

5months

21 months

FIGURE 1

| Isotretinoin-induced sacroiliitis over time. Coronal and axial T1-weighted MRI images (T1; labeled as 1), fat-suppressed (FS) post-

contrast images, and T2-weighted FS scans (T2; labeled as 2) obtained 1 month after clinical presentation (Panels A, B, C) showed bilateral sub-
chondral bone marrow edema at the sacroiliac joints, along with soft tissue edema (post-traumatic) anterior and posterior to the joints, involving

the gluteus minimus abductor muscles. Two follow-up studies demonstrated gradual resolution of these findings at 5months (Panels D, E, F) and

21 months, with minimal bone marrow edema still visible in the iliac bone after a prolonged period following isotretinoin cessation (Panels G, H, I).

nodulocystic and ulcerative acne with systemic symptoms such
as fever, malaise, and elevated inflammatory markers [1, 2].

For bilateral acute sacroiliitis unresponsive to analgesics, adali-
mumab, a TNF inhibitor, was recommended. However, the
patient and his parents declined, and he gradually improved
without treatment. Follow-up MRI scans 5months after presen-
tation, after discontinuation of isotretinoin, confirmed a reduc-
tion in inflammation (Figure 1D-F). Within 4 months, without
treatment, he regained a normal gait and achieved complete
clinical remission, which he has maintained to date at age 19.
Surprisingly, MRI scans at 21 months showed improvement but
not complete radiological resolution, despite the rapid clinical
recovery, suggesting a prolonged effect of isotretinoin on bone
tissue (Figure 1G-1).

Consent for publication of the case report was obtained directly
from the patient, now 19years old. Despite clinical quiescence,
arecent follow-up MRI at 62 months showed completely normal
S1Js, with no residual BME or structural changes.

Although isotretinoin is widely used to treat common acne, it
may induce sacroiliitis that can be sudden and lead to severe
disability. Full clinical recovery may result from immediate ces-
sation of isotretinoin, underscoring the value of early suspicion
and avoiding extensive investigation and expensive biological
therapies.

Isotretinoin-reactive sacroiliitis may be linked to retinoic acid and
isotretinoin's anti-osteoblast effects on bone, which increase ma-
trix metalloproteinase activity and, through their detergent-like

properties, alter lysosomal membranes in synovial cells [1, 2]. Our
patient had experienced minor blunt trauma before presentation.
Trauma is an important biomechanical factor in the development
of sacroiliitis, even in healthy individuals such as postpartum
women, military soldiers, runners, and athletes [10-13]. Moreover,
genetic predisposition might increase risk, as our patient had a
family history of other inflammatory conditions (CD and HS) that
can manifest as sacroiliitis. The literature on whether genetically
predisposed individuals face an increased risk of spondyloarthri-
tis remains inconclusive and conflicting. Most reported cases of
isotretinoin-induced sacroiliitis are HLA-B27 negative, arguing
against a strong causal association [1]. Nevertheless, our patient
was tested for HLA-B27, which was negative. Moreover, he un-
derwent a complete gastroenterological evaluation that showed no
evidence of Crohn's disease.

Therefore, we propose a “multiple-hit” model that leads to acute
sacroiliitis in at-risk isotretinoin users, specifically young acne pa-
tients who have experienced minor trauma or have a family his-
tory suggesting a genetic predisposition to sacroiliitis.

Isotretinoin-associated sacroiliitis reported in the literature
is typically limited to BME, as in our case (Figure 1). Well-
established pathological sacroiliitis, as in axial spondyloarthri-
tis (axSpA), requires both inflammatory and structural findings
(e.g., erosion and fat metaplasia), whereas isotretinoin-induced
sacroiliitis on MRI shows sacroiliac BME without structural
damage [14, 15].

Most cases improve clinically and radiologically within 3-9 months
after discontinuation [1-6]. MRI is an effective diagnostic tool that
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can reveal extensive BME and active SIJ synovitis (Figure 1A-C).
Longer follow-up and MRI, which have not previously been
reported, may uncover the true extent of isotretinoin's impact
(Figure 1G-I). Notably, despite being completely asymptomatic,
the patient showed persistent bone effects of isotretinoin for about
2years during long-term follow-up.

Therefore, our case underscores several clinical points. First, MRI
is crucial for early detection of sacroiliac BME and may also be
important for monitoring. Second, although isotretinoin-induced
sacroiliitis is well described in the literature and is reversible after
isotretinoin cessation, early diagnosis is crucial to stop the inciting
drug and prevent further deterioration and the need for systemic
anti-inflammatory therapy. Third, our case underscores a previ-
ously unreported finding: the effect of isotretinoin on bone and
joints may persist for almost 2years after its cessation. Moreover,
as shown by MR, this effect persists despite early clinical remis-
sion. This discrepancy between symptom recovery and radiologi-
cal resolution is a unique clinical finding. Consequently, incidental
MRI findings of BME may be observed in asymptomatic young
individuals who previously received isotretinoin. Therefore, there
may be an additional group in the general population with preva-
lent sacroiliac BME, beyond biomechanical conditions following
obesity, pregnancy, running, and sports injuries [13]. A history of
isotretinoin use should be sought in the symptomatic patient with
back pain and in the asymptomatic young with MRI findings of
sacroiliac BME. Finally, this case highlights a proposed hypothe-
sis of combined risk factors for sacroiliitis during acne retinoic acid
treatment: genetic predisposition, traumatic trigger, and isotreti-
noin use.

In conclusion, our case report emphasizes the importance of early
clinical diagnosis of isotretinoin-induced sacroiliitis, supported by
MRI findings that enable accurate assessment, prolonged moni-
toring, and appropriate treatment planning while avoiding unnec-
essary investigations and immunosuppressive therapies.
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