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Abstract

Background: Spondyloarthritis, including ankylosing spondylitis (AS) and
psoriatic arthritis (PsA), is associated with increased cardiovascular risk
that may not be fully captured by conventional risk assessment tools.
Arterial stiffness and carotid intima-media thickness (CIMT) represent
early markers of vascular ageing; however, direct comparisons of local
carotid biomechanical properties between AS and PsA remain limited.
Objectives: To compare structural and functional carotid vascular
parameters derived from one-point echo-tracking ultrasound between
patients with AS and PsA and to explore clinical, metabolic and
haemodynamic correlates of arterial stiffness. Methods: In this cross-
sectional study, 108 patients with spondyloarthritis (71 AS, 37 PsA)
underwent vascular ultrasound assessment including CIMT, local pulse
wave velocity (PWV[), B-stiffness index, Peterson’s elastic modulus (Ep),
arterial index (Al). Clinical

compliance (AC) and augmentation
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characteristics, inflammatory markers, lipid profile and cardiovascular risk
scores were recorded. Between-group comparisons were performed using
non-parametric tests. Spearman correlations and multivariable linear
regression analyses were applied to identify factors associated with
vascular parameters. Results: Baseline demographic and metabolic
characteristics were comparable between groups, although sex distribution
differed (p = 0.002). Most structural and functional vascular indices,
including CIMT, PWV(, B-stiffness index, AC and Ep, did not differ
significantly between AS and PsA. Augmentation index was higher in PsA
compared with AS (median 21.9 vs 12.8, p = 0.029). CIMT correlated
positively with B-stiffness index (p = 0.404), PWV( (p = 0.482) and Ep (p =
0.451) (all p < 0.001). In multivariable regression models, arterial
hypertension emerged as the most consistent independent factor
associated with vascular parameters, while inflammatory markers showed
limited associations. Conclusion: Patients with ankylosing spondylitis and
psoriatic arthritis demonstrate broadly comparable local carotid vascular
profiles when assessed using echo-tracking ultrasound. Higher
augmentation index in psoriatic arthritis suggests differences in
haemodynamic wave reflection rather than intrinsic arterial stiffness.
Vascular alterations appear to be driven predominantly by haemodynamic
and metabolic factors rather than disease phenotype alone.

Keywords: ankylosing spondylitis; psoriatic arthritis; arterial stiffness;
echo-tracking; carotid intima-media thickness; augmentation index;
spondyloarthritis; vascular ageing

1. Introduction

Spondyloarthritis, including ankylosing spondylitis (AS) and psoriatic
arthritis (PsA), is associated with a substantially increased cardiovascular
risk that cannot be fully explained by traditional risk factors alone. Chronic
systemic inflammation contributes to this excess risk through endothelial
dysfunction, oxidative stress and adverse vascular ageing, thereby
accelerating atherosclerosis and promoting premature cardiovascular
disease [1,2]. Importantly, vascular involvement in spondyloarthritis often
remains clinically silent for prolonged periods, and subclinical vascular
changes may precede overt cardiovascular events.

Large population-based and longitudinal studies consistently report higher
rates of ischemic heart disease, cerebrovascular events and cardiovascular
mortality in AS compared with the general population [3-10]. Similarly, PsA

Carotid vascular biomechanics in AS and PsA
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is linked to increased cardiovascular morbidity and mortality, with meta-
analyses demonstrating higher incidence of myocardial infarction, stroke
and heart failure compared with the general population [10-13]. However,
commonly used cardiovascular risk prediction models frequently
underestimate risk in inflammatory arthritides, supporting the need for
approaches that detect early vascular dysfunction beyond conventional risk
assessment.

Arterial stiffening represents a key functional manifestation of adverse
vascular ageing and integrates the cumulative impact of haemodynamic
load, metabolic factors and chronic inflammation. From a haemodynamic
perspective, reduced arterial elasticity alters pulse wave propagation and
reflection, increases systolic and pulse pressure and augments left
ventricular afterload, providing a mechanistic link between arterial
stiffness and adverse cardiovascular outcomes (Franklin et al, 1999;
Mitchell et al, 2010; Nichols et al,, 2011). Although arterial stiffening
accompanies physiological ageing, it may be accelerated in chronic
inflammatory conditions such as AS and PsA [14-16]. Prior studies in
spondyloarthritis have reported heterogeneous results regarding the
magnitude and determinants of stiffness and early atherosclerotic changes,
likely reflecting differences in study design, populations, and measurement
[17-19].

Ultrasound-based assessment enables parallel evaluation of functional and
structural vascular alterations. One-point echo-tracking technology
provides local carotid biomechanical indices derived from diameter
changes throughout the cardiac cycle combined with blood pressure values,
including the stiffness index 3, Peterson’s elastic modulus (Ep), arterial
compliance (AC) and augmentation index (Al), as well as local pulse wave
velocity (PWV() calculated at a single arterial [20-22]. Compared with
carotid—femoral PWV, local one-point assessment avoids uncertainties
related to external distance estimation and heterogeneous arterial
segments, offering a focused and reproducible evaluation of carotid wall
mechanics [20,23]. In parallel, carotid intima-media thickness (CIMT)
provides a validated marker of early structural arterial remodelling and
subclinical atherosclerosis [24,25]. Combining echo-tracking-derived
stiffness parameters with CIMT may therefore offer an integrated profile of
early vascular damage in inflammatory diseases characterised by
accelerated vascular ageing.

Despite the growing evidence of increased cardiovascular risk in both AS
and PsA, direct head-to-head comparisons of local carotid biomechanical
properties between these two spondyloarthritis phenotypes remain
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limited. Moreover, augmentation index-reflecting wave reflection and
peripheral vascular tone-may capture haemodynamic differences that are
not necessarily mirrored by intrinsic carotid wall stiffness. Accordingly, the
present study evaluates carotid arterial stiffness using one-point echo-
tracking-derived biomechanical indices in combination with CIMT in
patients with AS and PsA. We aimed to characterise subclinical vascular
damage across the spondyloarthritis spectrum and to explore clinical and
metabolic correlates of functional and structural vascular measures.

2. Materials and Methods

2.1. Study design and study population

This cross-sectional observational study included 108 patients with
spondyloarthritis, comprising 71 patients with ankylosing spondylitis (AS)
and 37 patients with psoriatic arthritis (PsA). Participants were
consecutively recruited from the Departments of Rheumatology and
Internal Medicine at University Hospital “St. Marina”, Varna, Bulgaria,
between January 2023 and December 2024.

Patients included in the present analysis were derived from a larger
prospective observational cohort of individuals with spondyloarthritis. To
minimise confounding related to age differences between disease groups,
frequency matching by age strata was applied during data extraction. Sex
distribution was not matched and reflects the underlying epidemiology of
the disease populations.

Ankylosing spondylitis was diagnosed according to the Assessment of
SpondyloArthritis international Society (ASAS) classification criteria, while
psoriatic arthritis was classified based on the Classification Criteria for
Psoriatic Arthritis (CASPAR). All diagnoses were established by
experienced rheumatologists.

The study was conducted in accordance with the Declaration of Helsinki and
was approved by the Ethics Committee of the Medical University of Varna
(Protocol Ne133/22.06.2023). Written informed consent was obtained
from all participants prior to inclusion.

Predefined exclusion criteria included known ischemic heart disease,
cerebrovascular disease, peripheral arterial disease, heart failure, clinically
significant arrhythmias, diabetes mellitus, chronic kidney disease stage 23,
active infection, malignancy, pregnancy, or inability to undergo vascular
ultrasonography.

Carotid vascular biomechanics in AS and PsA
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2.2. Clinical and laboratory assessment

Demographic characteristics, smoking status, disease duration (time since
diagnosis), and diagnostic delay (time from symptom onset to diagnosis)
were recorded. Anthropometric parameters and the presence of arterial
hypertension were documented according to current clinical guidelines.

Blood pressure was measured under standardised resting conditions after
at least 5 minutes of supine rest using an automated oscillometric device.
Systolic and diastolic blood pressure values were recorded, and mean
arterial pressure was calculated for descriptive purposes.

Systemic inflammatory activity was assessed by serum C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR), determined using routine
laboratory methods at the central hospital laboratory. Fasting lipid profile,
including total cholesterol, triglycerides, low-density lipoprotein
cholesterol (LDL-C), and high-density lipoprotein cholesterol (HDL-C), was
analysed using standardised enzymatic assays.

2.3. Vascular ultrasound assessment

Vascular ultrasound examinations were performed using a high-resolution
ultrasound system (Aloka Hitachi Prosound a7) equipped with a high-
frequency linear transducer. All measurements were obtained at the level
of the right common carotid artery approximately 2 cm proximal to the
carotid bifurcation. The right carotid artery was selected to ensure
methodological consistency and minimise examination time variability.
Participants were examined in the supine position after a short resting
period.

Carotid intima-media thickness (CIMT) was measured at the far wall of
plaque-free segments of the common carotid artery using B-mode imaging.
Three measurements obtained during separate cardiac cycles were
averaged for analysis. Atherosclerotic plaque was defined as focal wall
thickening 21.5 mm or 250% greater than the surrounding intima-media
thickness, and such segments were excluded from CIMT assessment.

Arterial stiffness was evaluated using one-point echo-tracking technology,
allowing continuous assessment of arterial diameter changes synchronised
with the electrocardiogram. Brachial blood pressure values measured
immediately prior to the examination were entered into the system to
enable automated calculation of carotid biomechanical parameters. The
analysed indices included local pulse wave velocity (PWV[), B-stiffness
index, pressure-strain elastic modulus (Peterson’s modulus, Ep), arterial
compliance (AC), and augmentation index (AI).
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All examinations were performed by a single experienced operator blinded
to laboratory results. To assess measurement consistency, repeated
measurements were performed in a random subset of participants,
demonstrating good intra-observer reproducibility.

2.4. Cardiovascular risk assessment

Ten-year cardiovascular risk was estimated using validated prediction
models. The Framingham Risk Score and SCORE2 were calculated in
accordance with current European Society of Cardiology recommendations.
For participants aged 270 years, the SCORE2-OP algorithm was applied
when appropriate.

2.5. Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics version 27.0.
Continuous variables were assessed for normality using visual inspection
and Shapiro-Wilk testing and are presented as mean * standard deviation
or median with interquartile range, as appropriate. Comparisons between
AS and PsA groups were conducted using the Mann-Whitney U test for
continuous variables and Pearson’s chi-square test for categorical variables.

Associations between vascular ultrasound parameters, inflammatory
marKkers, lipid profile components, and cardiovascular risk scores were
explored using Spearman’s rank correlation analysis. Given the exploratory
nature of correlation analyses, results were interpreted with caution and
considered hypothesis-generating.

Multivariable linear regression models were constructed to assess factors
associated with arterial stiffness indices and carotid intima-media
thickness. Covariates were selected a priori based on clinical relevance and
included disease type, age, sex, body mass index (BMI), arterial
hypertension, and treatment status (targeted therapy vs biologic-naive).
Model assumptions were evaluated using residual diagnostics and
multicollinearity assessment. All statistical tests were two-sided, and a p-
value < 0.05 was considered statistically significant.

3. Results
3.1. Baseline characteristics

A total of 108 patients with spondyloarthritis were included, comprising 71
patients with ankylosing spondylitis (AS) and 37 with psoriatic arthritis
(PsA). Age distribution was comparable between groups (49.4 £ 9.7 vs 52.7

Carotid vascular biomechanics in AS and PsA
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+ 10.2 years, p = 0.083). Disease duration was also similar (9.7 + 6.2 vs 9.0
+ 7.0 years, p = 0.400).

Sex distribution differed significantly, with male predominance in AS and
female predominance in PsA (66.2% vs 35.1% male, p = 0.002). The
prevalence of current smoking and arterial hypertension did not differ
significantly between disease entities. Body mass index was comparable
between groups.

Inflammatory markers showed similar erythrocyte sedimentation rate
values, whereas C-reactive protein levels were higher in AS compared with
PsA (p = 0.022). Lipid profile parameters did not differ significantly (Table
1).

Table 1. Baseline demographic, clinical, laboratory and vascular characteristics of
patients with ankylosing spondylitis and psoriatic arthritis

Variable AS(n=71) PsA (n =37) p-value
Age, years 494+ 9.7 52.7£10.2 0.083
Male sex, n (%) 47 (66.2) 13 (35.1) 0.002
Disease duration, years 9.7+6.2 9.0+£70 0.400
Current smoker, n (%) 42 (59.2) 23 (62.2) 0.762
Hypertension, n (%) 26 (36.6) 10 (27.0) 0.316
BMI, kg/m? 28.3+5.8 27.1+4.6 0.447
ESR, mm/h 36.7 £26.1 29.8+16.9 0.356
CRP, mg/L 9.5+17.9 39+57 0.022
Total cholesterol, mmol/L 5.37 +1.24 5.51+1.20 0.482
Triglycerides, mmol/L 1.49 +1.38 1.48 £ 1.25 0.821
LDL-cholesterol, mmol /L 3.28£1.04 3.23+1.14 0.854
HDL-cholesterol, mmol/L 1.39+£0.33 1.57 £0.52 0.119
CIMT, mm 0.60 +0.17 0.63 +0.25 0.510
B-stiffness index 7.64 + 2.59 8.01 + 3.42 0.985
PWV, m/s 6.06 £ 0.99 6.16 £ 1.15 0.724
Augmentation index, % 15.8 +13.5 21.6 £15.3 0.029
Arterial compliance 0.89 £0.26 1.09 £ 1.66 0.224
Peterson’s elastic modulus 100.5 + 35.8 105.0 £42.6 0.653
Framingham risk score, % 58+5.0 54+44 0.776
SCORE, % 9.4+69 11.6+7.1 0.121

3.2. Vascular ultrasound findings

Structural vascular assessment demonstrated comparable carotid intima-
media thickness between AS and PsA [0.54 (IQR 0.22) vs 0.61 (IQR 0.22), p
= 0.510].
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Functional arterial stiffness indices were largely similar between groups.
The B-stiffness index showed identical median values [7.0 (IQR 3.0) vs 7.0
(IQR 3.9), p = 0.985], and local pulse wave velocity (PWV{) was also
comparable [5.8 (IQR 1.2) vs 5.8 (IQR 1.5), p = 0.724]. Arterial compliance
demonstrated overlapping distributions [0.86 (IQR 0.32) vs 0.79 (IQR 0.40),
p = 0.224], as did Peterson’s elastic modulus [88 (IQR 41) vs 93 (IQR 57), p
= 0.653].

In contrast, augmentation index (AI) was significantly higher in PsA
compared with AS [21.9 (IQR 19.65) vs 12.8 (IQR 19.0), p = 0.029] (Figure
1).

AS PsA

Figure 1. Augmentation index (Al) in patients with ankylosing spondylitis and
psoriatic arthritis

3.3. Cardiovascular risk scores

Estimated 10-year cardiovascular risk did not differ significantly between
disease groups. Framingham risk score values were comparable (p = 0.776),
as were SCORE2 estimates (p = 0.121).

3.4. Treatment distribution

Targeted antirheumatic therapy distribution differed significantly between
AS and PsA (p < 0.001). Among patients with ankylosing spondylitis, anti-
TNF therapy was administered in 63.4%, anti-IL-17 agents in 15.5%,
biologic-naive status in 15.5%, and JAK inhibitors in 5.6%. In contrast,
patients with psoriatic arthritis were more frequently treated with anti-IL-

Carotid vascular biomechanics in AS and PsA
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17 agents (48.6%) and JAK inhibitors (18.9%), while anti-TNF therapy was
used in 21.6% and biologic-naive status was present in 10.8%.

3.5. Correlation analysis

Spearman rank correlation analysis was performed in the overall cohort (n
= 108). Age correlated positively with cardiovascular risk scores, including
the Framingham risk score (p = 0.449, p < 0.001) and SCORE2 (p = 0.558, p
< 0.001). Carotid intima-media thickness correlated positively with (3-
stiffness index (p = 0.404, p < 0.001), PWV[ (p = 0.482, p < 0.001) and
Peterson’s elastic modulus (p = 0.451, p < 0.001). Triglyceride levels
demonstrated modest positive correlations with functional stiffness
parameters (all p < 0.05), while low-density lipoprotein cholesterol
correlated positively with augmentation index and cardiovascular risk
estimates.

3.6. Multivariable regression analysis

Multivariable linear regression analyses were performed using
augmentation index (Al), PWV, B-stiffness index and carotid intima-media
thickness (CIMT) as dependent variables. Covariates included disease type,
age, sex, body mass index, arterial hypertension and treatment status.

The regression model for Al was statistically significant (F = 2.75, p = 0.016;
R* = 0.140), with arterial hypertension independently associated with
higher Al values (p = 0.030). Disease type showed a borderline association
(p = 0.085).

For PWV, the model reached statistical significance (F = 2.47, p = 0.028; R?
= 0.128), with arterial hypertension and body mass index positively
associated with PWV (p = 0.040 and p = 0.046, respectively).

The B-stiffness model demonstrated overall significance (F = 3.25, p =
0.006; R?> = 0.162), with arterial hypertension emerging as the only
independent associated factor (p = 0.009). The CIMT model showed
borderline overall significance (F = 1.97,p = 0.066; R* = 0.121), with arterial
hypertension independently associated with higher CIMT values (p =
0.038).
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4., Discussion

In this head-to-head analysis, patients with ankylosing spondylitis and
psoriatic arthritis demonstrated broadly comparable structural and
functional vascular characteristics when assessed using one-point echo-
tracking ultrasound. Most stiffness indices and carotid intima-media
thickness values did not differ significantly between the two diseases
despite differences in inflammatory burden and treatment exposure. In
contrast, augmentation index was higher in psoriatic arthritis, suggesting
differences in wave reflection and peripheral vascular tone rather than
intrinsic carotid wall stiffness. Arterial hypertension consistently emerged
as the strongest determinant of vascular parameters, whereas
inflammatory markers showed limited associations with stiffness indices.

A central observation of the present study is the consistent association
between structural and functional vascular measures across the cohort.
Positive correlations between carotid intima-media thickness and local
stiffness indices indicate that arterial remodelling and functional stiffening
may evolve in parallel within the spondyloarthritis spectrum. However, the
absence of between-disease differences in most local stiffness parameters
suggests that disease phenotype alone may not represent the primary
driver of carotid biomechanical alterations. The higher augmentation index
observed in psoriatic arthritis likely reflects haemodynamic influences
related to peripheral vascular resistance rather than intrinsic arterial
rigidity, consistent with the known physiological determinants of
augmentation index [26]

Across multivariable models, arterial hypertension was the most consistent
independent factor associated with vascular alterations. Given the
markedly different distribution of targeted therapies between ankylosing
spondylitis and psoriatic arthritis, treatment exposure was considered a
potential confounder and included as a covariate in multivariable analyses;
however, no independent association between treatment status and
vascular ultrasound parameters was observed after adjustment. These
findings align with evidence demonstrating the central role of
haemodynamic stress in elastin fragmentation, collagen accumulation and
progressive arterial stiffening [27,28]. Modest associations between
metabolic parameters, particularly triglycerides and body mass index, and
stiffness indices further suggest a potential contribution of metabolic
burden to vascular ageing in inflammatory arthritis, consistent with
previous rheumatologic studies exploring vascular and metabolic
biomarkers [29].

Carotid vascular biomechanics in AS and PsA
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Inflammatory activity demonstrated limited direct relationships with
ultrasound-derived vascular parameters in the present analysis. Previous
studies have reported heterogeneous findings, with some cohorts showing
associations between disease activity and structural vascular measures but
weaker relationships with functional stiffness indices [17,18]. Prospective
data in psoriatic arthritis suggest that cumulative inflammatory exposure
rather than single time-point inflammatory markers may be more relevant
for vascular remodelling [30]. The lack of strong correlations in our cohort
may therefore reflect the chronic and cumulative nature of vascular
adaptation rather than current inflammatory status.

Most earlier investigations evaluated ankylosing spondylitis or psoriatic
arthritis primarily in comparison with healthy controls and reported
increased arterial stiffness or carotid intima-media thickness [19,31,32]. In
contrast, the present head-to-head comparison indicates that vascular
profiles may appear broadly similar when the two spondyloarthritis
phenotypes are evaluated directly under comparable clinical conditions.
Direct comparisons between spondyloarthritis phenotypes using local
echo-tracking-derived stiffness parameters remain limited, highlighting
the relevance of the current findings. Previous reports have described
variable associations between disease activity and vascular stiffness,
including impaired aortic elasticity related to disease burden [33], whereas
other studies observed minimal changes in stiffness parameters despite
anti-inflammatory treatment [34, 35]. These discrepancies underscore the
multifactorial nature of vascular involvement and the influence of study
design and measurement methodology.

The use of one-point echo-tracking represents an important methodological
aspect of the present study. Local carotid assessment allows precise
evaluation of arterial wall motion and avoids uncertainties related to
external distance estimation inherent to carotid-femoral pulse wave
velocity measurements [22,23]. This regional approach may be particularly
sensitive for detecting early functional vascular alterations that are not fully
captured by global stiffness indices.

Several limitations should be acknowledged. The cross-sectional design
precludes causal interpretation of vascular remodelling processes.
Participants were selected from a larger observational cohort to minimise
demographic imbalance between groups, which may influence
generalisability. Sex distribution differed between ankylosing spondylitis
and psoriatic arthritis, reflecting the underlying epidemiology of the
diseases, and may have influenced vascular haemodynamic parameters
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despite adjustment in multivariable analyses. The absence of a healthy
control group limits conclusions regarding absolute cardiovascular risk;
however, the primary aim was to compare vascular characteristics between
ankylosing spondylitis and psoriatic arthritis. In addition, local carotid
measurements may not fully reflect systemic arterial stiffness, and the
smaller psoriatic arthritis subgroup may have limited statistical power to
detect subtle disease-specific differences.

5. Conclusions

In conclusion, ankylosing spondylitis and psoriatic arthritis demonstrate
broadly comparable structural and functional vascular profiles when
evaluated directly using echo-tracking ultrasound. The higher
augmentation index observed in psoriatic arthritis suggests differences in
haemodynamic wave reflection rather than intrinsic arterial stiffness.
Arterial hypertension and metabolic burden appear to represent key
contributors to vascular alterations, whereas current inflammatory activity
shows limited association with stiffness indices. These findings support the
concept that vascular ageing in spondyloarthritis may be influenced more
strongly by haemodynamic and metabolic factors than by disease
phenotype alone.
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CpaBHMMHU KapOTUAHU ChAOBH GUOMEXaHUYHU XapPaAKTEPUCTUKHU MPH
aHKWJI03UPpaLl CHOHJW/IUT U ICOPUATHYEH APTPUT: AUPEKTHO
CpaBHUTEJIHO exorpadcko usciaegBaHe ypes echo-tracking

Pe3oMme

BbBegeHue: CHOHAWIOAPTPUTHTE, BKJIKYUTEJNHO AaHKUJIO3UPALUAAT
cnoHAUAUT (AC) 1 ncopuaTUdHUAT apTPUT (IIcA), ca cBbp3aHU C MOBUILIEH
CbpZEYHO-CBhJI0B PUCK, KOUTO HEBUHAru ce oTpa3sBa aJleKBaTHO 4pes3
KOHBEHLIMOHA/IHUTE MeTOJAM 3a OLleHKa Ha pucKa. ApTepuasHaTa
PUTHUAHOCT U Jlebe/iMHaTa HA UHTUMa-Me/IUsl KOMIIJIEKCa Ha KAapOTUIHUTeE
aptepuu (CIMT) mpeacTtaB/isiBaT paHHM MapKepU Ha Cb/IOBO CTapeeHe.
Bbnpekn TOBa, AUPEKTHUTE CpaBHEHUSI Ha JIOKAJHUTE KapOTUAHU
OMoOMexXaHUYHU cBoMcTBa Mexay mnanueHTH c¢ AC u IIcA ocrtaBar
orpanuyeHu. Lesn: /Jla ce cpaBHAT CTPYKTYpHUTE U (PYHKLUOHATHUTE
Cb/IOBM IapaMeTpU Ha KapOTHUJHUTE apTepuH, TMOJy4eHU ypes3
eIHOTOo4YKOB echo-tracking yiTpasByk, mexay nauueHTH ¢ AC u [IcA, kakTo
Y Jia ce W3c/aeBaT KIUHUYHUTE, MeTAa0OJUTHUTE U XeMOJUHAMUYHUTE
dakTopHy, CBBp3aHM C apTepuajHaTa puruaHoct. Meroau: B ToBa
HanpedyHo  (cross-sectional) mnpoyuBane 108  namueHTH  CBbC
cnoHAun0apTpuT (71 ¢ AC u 37 c IlcA) 6sxa NOJAJI0KEHU Ha CbJOB
yJTPa3ByKOB aHaJ/IM3, BKJIKYBall u3MmepBaHe Ha CIMT, nokanHa nyJsicoBo-
BbJHOBa ckopoct (PWV[), wuHaekc Ha [-purujHocT, MOAyJ Ha
esiactudHocT Ha Peterson (Ep), apTepuanen kommiaaibHc (AC) U UHAEKC
Ha ayrmMeHTauus (Al). PeructpupaHu 651Xxa KJIMHHAYHU XapaKTePUCTHUKH,
B'b3MaJIMTEJIHU MapKepH, JIUMUAEH NPOPUI U CbP/eYHO-ChJJ0BU PUCKOBU
ckopoBe. CpaBHeHHUSITAa MeXJy TpynuTe 05ixa HU3BBPIIEHU Upe3
HenapaMeTpU4YHHU TEeCTOBe. 3a omnpe/iessiHe HA GaKTOPUTE, CBbP3aHU CbC
Cb/IOBMTE MapaMeTpH, 0fixa H3MOJI3BAaHM KOpeJlallMOHEH aHa/u3 Ha
Spearman ¥ MyJTHBapUaHTHU JIMHEWHW pErpecUOHHU  MOJEJIHU.
Pesyaratu: bazoBute gemorpadpcku U MeTabOJIMTHU XapaKTEPUCTHUKHU
051Xa CXOAHU MeXJy I'PYNHUTe, BbIPEKHU Ye pasnpejie/IeHUETO MO0 MOoJI ce
passimyaBalle cTaTUCTU4YecKu 3Ha4uMo (p = 0.002). [loBeueTo CTPyKTypHHU
¥ QYHKUMOHAJIHU CBHAOBHU I[OKasaTesH, BkJIwuuTesHo CIMT, PWV,
vHAekc Ha [-purugHoct, AC u Ep, He nokasaxa CbIIECTBEHU pPa3IUKHU
Mexy AC u IlcA. UHJiekchT Ha ayrMeHTanus Gelie no-BUCOK npu [IcA B
cpaBHeHue ¢ AC (Meauana 21.9 cpewmy 12.8, p = 0.029). CIMT kopenupa
NOJIOKUTEJIHO C UHJeKca Ha B-purugHoct (p = 0.404), PWV( (p = 0.482) u
Ep (p = 0.451) (Bcuuku p < 0.001). B MyaTUBapHUaHTHUTE perpecUOHHU
MoJleJld ~ apTepuasiHaTa XWMNEpPTOHUs Cce oyepTa KaTo  HaM-
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nocjeJJoBaTe/HUSI He3aBUCHUM (aAKTOp, aCOUMHUpPAH CbC CbAOBUTE
napaMeTpH, J0KaTO Bb3MaJUTEJHUTE MapKepH I0Ka3axa OTpaHUYEHU
aconyanyy. 3ak/wdyeHue: [lanueHTUTe C aHKWJI03Upall CHOHIWIUT U
ICOpHUaTHYeH apTPUT JAEMOHCTPHUPAT B roJisiMa CTeNeH CXOJHH JIOKaJTHU
KapOTHUJIHH CBbJOBH XapaKTEPUCTHUKH, OlleHeHHW upe3 echo-tracking
yATpa3ByK. [10-BUCOKUAT WHJEKC Ha ayrMeHTalMsi MPU IMCOpHUATUYEH
apTPUT MmpejnoJara pasidduss B XeMOJUHAMHUYHOTO OTpPaKeHWEe Ha
nmyJicoBaTa BbJIHA, 4 He B caMaTa BbTpENIHA apTepwaJHA PUTHUAHOCT.
CbaoBUTE TPOMEHU H3rJeXJa Ce ONpeaensiT MNPeJUMHO  OT
XeMOJJMHAMUYHU U MeTa60JIUTHU GaKTOPH, a He e JUHCTBEHO OT peHOoTHIa
Ha 3a60JIIBaHETO.

Ki1rouoBM AyMH: aHKU/I03Upall CHOHAUJINAT; ICOPUATHYEH aPTPUT;
apTepuasiHa pUruHocT; echo-tracking; ne6esvHa Ha UHTUMa-Meus
KOMIIJIEKCA; MH/IEKC Ha ayIrMEeHTALUs; CIIOHU/I0APTPUT; ChJ0BO
cTapeeHe
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Abstract

Objectives: To evaluate the effectiveness of our first experience in
employing transcathether arterial embolization (TAE) of popliteal artery
branches in patients with knee osteoarthritis (OA). Materials and
methods: The research included 80 people with knee OA grades 1-2,
resistant to standard conservative treatment and without indications for
surgical intervention. The patients were divided into 2 groups of 40 people
each; in group 1, intra-articular injection of sodium hyaluronate (synovial
fluid prosthesis) was chosen as minimally invasive therapy; in group 2, TAE
of popliteal artery branches was performed. Clinical and functional
characteristics of joints were assessed using WOMAC and Lysholm scales at
baseline and 3 months after intervention. Results: Before surgery, in both
groups 1 and 2, high levels of WOMAC scale (150 [138-184] and 162 [140-
190] points, respectively) and low levels of Lysholm scale (42 [35-54] and
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40 [38- 60] points, respectively) were recorded. At 3 months after
treatment, patients of both groups demonstrated significant improvement
in clinical and functional results in the form of decrease in WOMAC scale to
94 [84-120] for group 1, p<0.001; and 52 [40-79] points for group 2, p<
0.001. According to Lysholm scale, satisfactory results were obtained in
group 1 (68 [60-85] points, p = 0.001) and good results in group 2 (91 [85-
95] points, p < 0.001). On comparison of both groups, patients with TAE
achieved lower values of WOMAC (p = 0.023) and higher values of Lysholm
scale (p = 0.06). No complications were recorded in both groups.
Conclusion: TAE of popliteal artery branches is an effective minimally
invasive intervention that significantly reduces severity of pain and
improves the function of knee joints. This method requires more studies
with larger number of patients, development of selection criteria in order
to increase accessibility in practical healthcare.

Keywords: osteoarthritis, knee joint, transcatheter arterial embolization,
WOMAC, pain.

1. Introduction

Rheumatic diseases are a heterogeneous group of chronic conditions that
are characterized by development of severe concomitant conditions in
patients. These ailments cause a tremendous negative impact on the
modern society as they act as both physiological and psychological burden
on patients and as economic burden on the society. Osteoarthritis (OA) is
the most common joint pathology worldwide which is accompanied by
chronic pain, disability, and showcases a prediction of further increase in
incidence.

In 2020, approximately 595 million patients with OA were identified,
corresponding to 7.6% of the world population, this amounted to a 132.2%
increase in prevalence compared to 1990 [1]. The incidence rate of OA
continues to rise, largely due to the expansion of the “elderly” population
and the absence of effective treatment. By 2050 the prevalence of knee OA
is projected to increase by 74.9%, hand OA - by 48.6%, hip OA- by 78 .6%
[1]. In addition to the annual dynamic increase in incidence, a significant
rise of this pathology has been noted among the working demographics [2],
which is of great medical and social importance for the state.

Management of OA involves the use of a range of methods. According to
modern recommendations, treatment should be carried out using a
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complex of pharmacological and non-pharmacological methods, taking into
account risk factors (obesity, mechanical factors, physical activity), general
factors (age, comorbidity, polypharmacy), the level of intensity of pain and
functional impairment, the presence or absence of signs of inflammation,
localization and severity of structural changes [3, 4]. Despite much
research, there is no cure for OA and a distinct lack of disease-modifying
drugs persist against the background of reliance on abundant symptomatic
pharmacological agents. Another pressing problem of OA is its clinical and
pathogenetic variability and pronounced polymorbidity, which in many
cases neutralizes the effectiveness of a number of therapeutic strategies [5].

The presence of multiple somatic diseases in an OA patient which are
managed by complex combinations of medications creates the need for a
proper assessment of the expected benefits and possible risks of a
particular treatment method. The chosen intervention should be the safest
and most effective one.

One of the promising methods for managing OA is transcatheter arterial
embolization (TAE) of popliteal artery branches. It is a new, minimally
invasive technique that is used to relieve pain in knee OA and is based on
the observation that inflammation causes abnormal neovascularization and
sensory nerve fiber growth [6]. It has been identified that pathogenetically
excessive angiogenesis in OA is caused by inflammation that aggravates to
more inflammation and stimulates an increase in the number of pain
receptors, thereby causing persistent pain syndrome [7, 8, 9].
Neoangiogenesis can stimulate the growth of osteophytes that results in
pain. Furthermore, this process in the synovium can cause disruption of the
homeostasis of hyaline cartilage and hypoxia of chondrocytes [10].

As arule, the area of pathological vascularization is located in the projection
of the medial part of the knee joint and is supplied by a network of branches
of the popliteal artery. The TAE method involves catheterization and
angiography of the femoral artery, popliteal artery and its branches,
followed by embolization of the hypervascular area.

There is relatively little scientific data regarding TAE of the branches of the
popliteal artery, and their results are often contradictory. But this method
has shown effectiveness in small samples of patients with knee OA grades
2-2 [11, 12, 13]. According to the available data, improvement in pain and
joint function is achieved in 86.3% of patients after 6 months, in 79.8% after
3 years [6] and the technique is well tolerated by patients over 50-60 years
of age [14]. This intervention demonstrates significantly less pronounced
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synovitis after a year, compared with the baseline on verification by MRI
using the WORMS scale [15].

It is notable that this method was found to be insufficiently effective in late
stage OA [16], but the early stages of the disease with resistance to standard
therapy is a considerable indication for this method [13]. Review works
presented in literature indicate the success of this technique, especially in
cases when conservative therapy was ineffective or contraindications to
surgical treatment existed [17].

Unfortunately, the small sample of patients for TAE of popliteal artery does
not allow us to determine the current place of this method for employment
in management of knee OA. In some patients, insufficient effectiveness is
observed, thus further research is necessary to introduce this treatment
method into everyday clinical practice.

The aim of research was to evaluate the effectiveness of our first experience
in employing the use of TAE of popliteal artery branches in patients with
knee OA.

2. Materials and Methods

The research was carried across a time-frame of one year at Orenburg
Regional Clinical Hospital named after V.I. Voinov, in the departments of
Traumatology and Orthopedics and Endovascular Surgery. Analysis of
treatment results of 80 patients with 1-2 grades knee OA aged from 45 to
60 years who underwent minimally invasive therapy due to ineffectiveness
of prior pharmacological management were analyzed. All patients received
standard pharmacological therapy as prescribed by the National Clinical
Recommendations for OA (2021), including NSAIDs, SYSADOA, as well as
non-pharmacological treatment in the form of physical therapy and
orthotics for a duration of 3-6 months.

The patients were divided into 2 groups of 40 people each; in the first group,
intra-articular injection of sodium hyaluronate (synovial fluid prosthesis)
was performed and in the second group TAE was done.

Before undergoing procedures, all patients underwent evaluations with
collection of complaints and medical history, inspection, and assessment of
amplitude of active and passive movements in the knee joints. The diagnosis
of knee OA was made taking into account the criteria of Altman R. (1991),
and verification of the grading radiographically according to Kellgren-
Lawrence criteria. All participating patients of this study provided their
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informed voluntary consent. Patients in both groups had no indications for
surgical treatment of OA against the background of ineffectiveness or
insufficient effectiveness of previous pharmacological treatment. All
patients included in the study underwent contrast-enhanced MRI of the
knee joint. Particular attention was paid to the presence of abnormal
vascular network, indicating active neoangiogenesis. If this was present,
patients were candidates for inclusion in the second group, whereas the
main exclusion criterion was the absence of a hypervascular network in the
knee joint due to the perceived risk of non-target embolization. Patients
with allergies or other contraindications to intra-articular administration of
hyaluronic acid preparations were excluded in the first group.

All patients underwent a clinical and functional examination using the
WOMAC and Lysholm questionnaires. The WOMAC scale was a
questionnaire of 24 questions, for each of which the patient selected a
number of points from 0 to 10, similar to the visual analogue scale, where 0
points stood for the complete absence of a sign, and 10 points indicated
maximum severity. A higher score corresponded to a worse result. The
assessment of the knee joint function according to the Lysholm scale was
also carried out in points, where the maximum sum was equal to 100 points
and corresponded to a healthy knee joint, and dysfunction was determined
by a decrease in the total score. The Lysholm score points indicated: less
than 64 points - unsatisfactory, 65-83 - satisfactory, 84-94 - good, 95-100
- excellent.

The TAE procedure was performed as follows. Under local anesthesia,
arteriography of the lower third of the superficial femoral artery and
popliteal artery, including 3D reconstruction, was performed using
antegrade transfemoral access (Figure 1). During evaluation of the
angiogram, areas of increased vascularization were identified, if any, and
the architecture of the arteries was analyzed, with special emphasis on the
medial aspect of the knee joint. To identify vessels subject to embolization,
as well as to construct the trajectory of target vessels, a specialized
Embolization Guidance program (Siemens) was used. This software is for
advanced embolization planning and guidance. Knowing the location of the
lesion and vessels is essential for complete embolization of pathological
process. This program simplifies catheter navigation for any embolization
procedure, regardless of the body region. The software's 3D reconstruction
of the arterial tree was used to facilitate cannulation of the target branch,
including selection of the optimal projection and superimposition of the live
image onto the color-coded 3D reconstruction. In most cases, the target
artery for embolization was medial genicular artery. The software allowed
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for selection of the optimal projection for catheterization of target branch
ostium and superimposition of the live image on a color-coded 3D
reconstruction to reduce the use of contrast agent. Catheterization of target
branch was carried out with a Berenstein catheter or one of the diagnostic
coronary catheters, depending on the angle of origin of the artery, after
which a microcatheter was inserted through the coronary guidewire.
Through a microcatheter, a suspension of microspheres with a diameter of
150-250 pm, diluted in physiological solution with the addition of a contrast
agent in a 1:1 ratio, was slowly introduced. To prevent off-target
embolization, the authors followed the principles: precise mapping using
3D navigation, neuromicrocatheters, which achieved superselective
catheterization of the target artery, and calibrated (the smallest) polyvinyl
alcohol particles for embolization. After contrast stasis appeared, control
angiography was performed, which confirmed occlusion of the embolized
artery (Figure 2). The operation was completed by applying a pressure
bandage.

Figure 1. Patient A, 42 years old, knee osteoarthritis grade 2. A: Arteriography of
superficial femoral, popliteal artery and its branches. B: 3D reconstruction of

vessels based on data of angiogra;}hy.

Evaluation of treatment results was done 3 months after the procedure in a
consultation where the survey was repeated, complaints, the number of
complications, the amplitude of active and passive movements in the knee
joints were assessed, the functional result was re-evaluated using the
WOMAC and Lysholm scores. The obtained data was compiled into an Excel
table and a statistical analysis was then carried out using the Statistica 10.0
program. Quantitative indicators were recorded as median, upper and
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lower quartiles (Me [Q1-QZ2]), the differences between the groups were
determined using Mann-Whitney U test, the significance level, p was 0.05.

Figure 2. Patient A., 42 years old, knee osteoarthritis grade 2. A: Arteriography
before TAE showing hypervascular network of the medial genicular artery. B:
Arteriography after TAE showing no contrast spread distal to the embolized target
artery

3. Results

First group of patients included 35 (87.5%) women, 5 (12.5%) men, the
average age was 50 [46-56] years. In the second group of patients there
were 32 (80%) women, 8 (20%) men, the average age was 53 [47-58] years.
Both groups were comparable in terms of gender and age characteristics.

Assessment of effectiveness of treatment methods revealed the persistence
of pain and functional limitations 3 months after intervention in 6 (15%)
cases in group 1 and in 9 (22%) cases in group 2. No complications in either
group were recorded.

The results of clinical and functional studies of patients in both groups are
presented in Tables 1 and 2.

Table 1. Results of a clinical and functional examination of knee joints in patients with
knee OA by WOMALC scale.
Sum of WOMAC Sum of WOMAC Statistical
points before scores 3 months significance, p-

treatment after treatment value
Group 1 (synovial fluid prosthesis) | 150 94 <0.001
[138-184] [84-120]
Group 2 (transcatheter arterial 162 52 <0.001
embolization) [140-190] [40-79]
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Statistical significance, p-value 0.840 0.023

According to the results in Table 1, before the employment of minimally
invasive intervention, significantly high WOMAC scale scores were
recorded in both groups of patients, indicating considerable clinical and
functional disorders of the knee joints. No substantial differences in this
indicator existed prior to the treatment. 3 months later, the patients
showed noteworthy improvement, characterized by a significant decrease
in WOMAC scores in both groups but the patients in the TAE group achieved
significantly lower levels of this scale.

Table 2. Results of a clinical and functional examination of knee joints in patients with
knee OA by Lysholm scale

Sum of Lysholm Sum of Lysholm Statistical
points  before scores 3 months significance,

treatment after treatment value
Group 1 (synovial fluid prosthesis) | 42 68 0.001
[35-54] [60-85]
Group 2 (transcatheter arterial 40 91 <0.001
embolization) [38-60] [85-95]
Statistical significance, p-value 0.94 0.06

On pre-intervention analysis of Lysholm scale results of both groups,
disappointing data was obtained (less than 64 points), which indicated a
pronounced impairment of knee joint functioning. The results of both
groups was comparable with no significant differences. 3 months after
treatment, in both groups, similar to the WOMAC scale, a significant
improvement in the Lysholm index was obtained, and as per the scale,
patients who received a synovial fluid prosthesis showed satisfactory
results, and patients after TAE indicated good results.

4. Discussion

The first clinical experience of application of TAE of popliteal artery
branches in our clinic indicated the method to be an effective minimally
invasive therapeutic option, the functional result of which is superior to
traditional conservative methods of treating knee OA grades 1-2. These
results are comparable to previously published similar studies [11, 15, 17],
majority of which had larger samples and thus, reduced risk of statistical
error. Decreased pain and no further requirement of NSAIDs is a favorable
outcome for prevention of complications in patients with diseases of the
gastrointestinal tract and cardiovascular system. Furthermore, there are
reduced risks of postoperative complications.
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However, the widespread use of this technique presents itself with certain
limitations which are primarily associated with little knowledge of the long-
term results of its application. Our study included a 3-month follow-up
period after the procedure to analyze early complications. However, a 90-
day window is insufficient to determine the durability of TAE or the
potential late-onset complications like avascular necrosis. Therefore, the
results of short-term observation cannot be extrapolated to the efficacy and
safety of the method as a whole, and it is necessary to continue monitoring
patients for a longer period. It should be noted that the absence of a control
group without any interventions limits the internal validity of the reported
success rates, which also argues for the need to continue monitoring
patients.

No data is available on the use of this technique in patients with
concomitant cardiovascular, endocrine and neurological diseases.
Theoretically, these pathologies may increase the risk of complications such
as ischemic necrosis of the skin and avascular necrosis of the condyles of
femur and tibia. Furthermore, it is noteworthy that the number of patients
in whom the TAE intervention was ineffective (lack of positive dynamics)
with TAE were slightly higher on comparison with the synovial fluid
prosthesis group. We analyzed cases of insufficient TAE efficacy. It can be
concluded that this is independent of the patient's gender or body mass
index, although there is a tendency for unsuccessful results in older
patients. Angiographic characteristics also do not provide convincing data,
so it is necessary to conduct further search for causes and verification of
“suitable” patients, development of clearer indications for this method.

Moreover, it is essential to continue researching the variants of the
anatomical structure of the pathological vascular networks that develop in
OA of knee joint as it would increase the effectiveness of the method by
detailing the causative branches of the popliteal arteries which would be
accurately embolized and would lower the risk of development of ischemic
complications from surrounding tissues. Above all, insufficient data is
available regarding the comparative effectiveness of TAE in OA patients
based on grading and age-sex correlation of treatment results. However, we
do not recommend TAE in patients with OA grades 3-4, as the procedure is
ineffective in advanced stages, according to the literature [16]. It is logical
to assume that the significant changes in joint structures observed in late
stages, involving the articular bone, subchondral cartilage, and ligamentous
apparatus of the knee, will not allow for significant positive clinical results
when addressing the vascular factor alone.
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5. Conclusions

TAE of popliteal artery branches is an effective minimally invasive
intervention that significantly reduces the severity of pain in patients and
improves the functional parameters of knee joint. This method has low risk
of complications and can be used to alleviate pain in knee OA grades 1-2. On
the other hand, this method requires further research, expansion of patient
samples, development of a selection criteria in order to increase
accessibility for practical healthcare.
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Abstract

Background: Proteinuria is an established marker of activity, severity, and
progression in glomerular diseases. In addition to reflecting damage to the
glomerular filtration barrier, it also plays a pathogenetic role in the
development of tubulointerstitial inflammation and fibrosis. Objectives: To
assess the with chronic
glomerulonephritis and its significance as an indicator of therapeutic
response. Methods: A retrospective study of a total of 57 patients with
different morphological forms of chronic glomerulonephritis, treated at the

dynamics of proteinuria in patients

Clinic of Nephrology and Dialysis, St. Marina University Hospital - Varna,
were followed for a period of 24 months. Twenty-four-hour proteinuria and
the protein-to-creatinine ratio (Pr/Cr) in a spot urine sample were
analyzed. All patients received optimal nephroprotective therapy, and
immunosuppressive treatment was administered when indicated. Results:
The mean baseline 24-hour proteinuria was 5.94 g/24 h. By the third
month, a statistically significant decrease to 3.65 g/24 h was observed
(p=0.008), followed by a further reduction to 2.7 g/24 h at month 6 and to
1.72 g/24 h at month 12. The observed reduction indicates an early and
sustained therapeutic response in the studied patient population. Analysis
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of the protein-to-creatinine ratio confirmed the same favorable trend and
supports its applicability as a reliable marker for monitoring proteinuria in
clinical practice. Conclusion: Early and sustained reduction of proteinuria
is a reliable indicator of therapeutic efficacy in chronic glomerular diseases
and is associated with a more favorable renal prognosis. Proteinuria has
substantial value both as a prognostic marker and as a surrogate endpoint
in clinical follow-up.

Keywords: proteinuria; chronic glomerulonephritis; chronic kidney
disease; therapeutic response

1. Introduction

Proteinuria is one of the most common and clinically significant
manifestations of glomerular diseases. An increased urinary protein
excretion not only reflects damage to the glomerular filtration barrier but
also has major implications for long-term renal prognosis [1,2]. In recent
years, growing attention has been paid to proteinuria as a modifiable risk
factor for progression of chronic kidney disease (CKD).

Accumulated clinical data indicate that the degree of proteinuria is directly
associated with the rate of decline in renal function. Patients with persistent
proteinuria have a substantially higher risk of developing chronic renal
failure [3]. For this reason, reduction of proteinuria is considered an
important therapeutic goal and is frequently used as a surrogate marker of
treatment efficacy in glomerular diseases [4].

The glomerular filtration barrier consists of endothelial cells, the
glomerular basement membrane, and podocytes, which together provide
selective filtration of plasma components. In glomerular diseases, structural
and functional disturbances of this barrier lead to increased permeability to
proteins, predominantly albumin [5].

Filtered proteins reach the proximal tubules where they are reabsorbed via
endocytosis. When the amount of filtered protein exceeds the reabsorptive
capacity of tubular cells, a series of pathophysiological mechanisms are
activated, including inflammatory processes, oxidative stress, and release
of profibrotic mediators [6,7]. As a result, tubulointerstitial changes
develop that play a central role in progression of CKD.
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Several studies demonstrate that even moderate levels of proteinuria may
be associated with accelerated loss of renal function. Reduction of
proteinuria has been associated with slowing of renal injury progression
and improved long-term prognosis [3,7].

Importantly, a substantial proportion of glomerular diseases arise in the
context of systemic rheumatologic disorders. Conditions such as systemic
lupus erythematosus, ANCA-associated vasculitis, cryoglobulinemic
vasculitis and secondary amyloidosis represent key examples in which
renal involvement significantly determines overall prognosis. In these
settings, proteinuria is not only a marker of renal injury, but also reflects
systemic disease activity and therapeutic response. Therefore, evaluating
proteinuria as a dynamic and modifiable parameter has direct implications
for both nephrology and rheumatology practice.

Conventional endpoints in nephrology clinical trials, such as doubling of
serum creatinine or progression to end-stage renal disease, require
prolonged follow-up. Therefore, earlier indicators that reflect therapeutic
effects on renal function are sought [2,8].

In this context, reduction of proteinuria is accepted as a reliable indicator of
favorable renal outcome. Multiple studies show that early decrease in
proteinuria after initiation of therapy is associated with a significantly
lower risk of CKD progression [8,9]. Achieving proteinuria values below 1
g/24 h is often linked to better renal prognosis across various glomerular
diseases [9,10].

ACE inhibitors and angiotensin receptor blockers are a cornerstone of
treatment for renal diseases. By reducing intraglomerular pressure, these
agents limit protein filtration and produce substantial reductions in
proteinuria [11,12].

Moreover, RAAS blockade confers additional nephroprotective effects,
including anti-inflammatory and antifibrotic actions [7,11]. There is
compelling evidence that long-term therapy with these agents can slow
progression of chronic kidney disease [11,12].

SGLT2 inhibitors represent a relatively new class of agents with
nephroprotective properties. Their actions include restoration of
tubuloglomerular feedback and reduction of glomerular hyperfiltration,
resulting in decreased intraglomerular pressure [13,14].
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Accumulating evidence indicates that treatment with SGLTZ2 inhibitors
leads to significant reductions in albuminuria and delays progression of
CKD in patients with various nephropathies [13,14].

Endothelin-1 participates in the pathogenesis of glomerular diseases by
promoting vasoconstriction, inflammation, and fibrosis. Activation of the
endothelin system may contribute to podocyte injury and increased
proteinuria [15].

Endothelin receptor antagonists have shown promising results in reducing
proteinuria in patients with glomerular diseases. Their effects include
improvement of glomerular hemodynamics and attenuation of
inflammatory processes [15,16].

In immune-mediated glomerular diseases, immunosuppressive therapy
plays a key role in disease control. By suppressing the immunologic
mechanisms of glomerular injury, these agents can produce marked
reductions in proteinuria [1,17].

Achievement of partial or complete remission of proteinuria after
immunosuppressive treatment is associated with a more favorable renal
prognosis in diseases such as membranous nephropathy, IgA nephropathy,
and lupus nephritis [10,17].

2. Materials and Methods

We present the results of a 2-year retrospective, single-center follow-up
study including 57 patients from the Clinic of Nephrology and Dialysis at St.
Marina University Hospital, Varna. All participants had morphologically
verified chronic glomerulopathies and were clinically followed and
evaluated using routine diagnostic methods. The analysis of available data
includes participants with various morphological forms of immune-
mediated glomerular diseases, including IgA nephropathy, membranous
nephropathy, focal segmental glomerulosclerosis, membranoproliferative
glomerulonephritis, minimal change disease, lupus nephritis, and ANCA-
associated glomerulonephritis. The exclusion criteria were: (1) age under
18 years; (2) patients with established malignant diseases; (3) pregnancy;
(4) status post kidney transplantation; and (5) patients with incomplete
laboratory or medical data. Given the retrospective design, informed
consent was not required. All data were anonymized prior to analysis.

Descriptive statistics were applied for baseline characteristics. Changes
over time were assessed using paired tests, while between-group
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differences were analyzed using one-way ANOVA. A p-value <0.05 was
considered statistically significant.

Patients were followed for 24 months; 24-hour proteinuria and the
protein/creatinine ratio (Pr/Cr) in spot urine samples were analyzed.

All patients received optimal supportive therapy, including RAAS blockade
(ACE inhibitors or ARBs), statins, diuretics, and other nephroprotective
medications. Immunosuppressive treatment was administered where
indicated, tailored to the type and severity of the glomerular disease, and
included corticosteroids (parenteral and oral), cyclophosphamide,
mycophenolate mofetil (MMF), azathioprine, and calcineurin inhibitors
(tacrolimus). In some patients, an SGLTZ2 inhibitor (dapagliflozin) was
added to the therapeutic regimen.

3. Results

The gender distribution of participants was 25 women and 32 men, or
43.86% : 56.14% (Table 1).

Table. 1. Distribution of patients by gender.

Gender Number Distribution %
F 25 43.86
M 32 56.14

The average age of all patients with HGN at the time of inclusion in the
follow-up is 48.5 years (participants are aged between 19 and 78) (Table 2,
Figure 1).

Table. 2. Statistical characteristics of patient age.

Average value Minimal Maximal Standard deviation.

Age 48.5 19 78 14.9
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Figure 1. Histogram illustrating the number of participants in the follow-up
according to age.

At baseline the mean 24-hour proteinuria among enrolled patients was
approximately 5.94 g/24 h, corresponding to the nephrotic range and
reflecting a substantial degree of glomerular injury. During treatment a
marked reduction in this parameter was observed. By month 3 the mean
proteinuria declined to about 3.65 g/24 h (p = 0.008). The reduction of
roughly 2.3 g/24 h is clinically meaningful and demonstrates early
therapeutic efficacy. Such a decrease is important because it is associated
with stabilization of glomerular function and a reduced risk of progressive
renal injury.

By month 6 proteinuria fell further to approximately 2.7 g/24 h. Although
the difference versus month 3 did not reach statistical significance (p =
0.148), the downward trend remained evident. This suggests a sustained
therapeutic effect of the interventions, likely reflecting both hemodynamic
effects of nephroprotective therapy and gradual suppression of
immunologic activity in patients who received immunosuppression.
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24-hour proteinuria (g/24 h)

At 12 months the mean 24-hour proteinuria declined to about 1.72 g/24 h.
This value indicates that a substantial proportion of patients achieved
partial or complete laboratory remission. Attainment of such levels is an
important therapeutic milestone, being associated with markedly better
renal prognosis and a lower risk of progression to chronic renal failure
(Figure 2).

Additional analysis of the protein/creatinine ratio (Pr/Cr) in spot urine
samples confirmed the trend observed with 24-hour proteinuria. Pr/Cr is
widely used in clinical practice as a convenient and reliable surrogate for
total proteinuria because it correlates with 24-hour collections, although
careful interpretation is required at higher proteinuria levels. In the present
analysis Pr/Cr values showed a statistically significant reduction at months
3 and 6, consistent with the decreases in 24-hour proteinuria.

Dynamics of 24-Hour Proteinuria

¢ [ o957
5 .
4 -
65
3 -
2.70

21 1.72

0 3 6 12

Month of Follow-up

Figure 2. Dynamics of 24-hour proteinuria during follow-up.

One-way analysis of variance (ANOVA) was performed to compare mean protein-to-
creatinine ratio (Pr/Cr) at baseline and at month 24 across the study groups (Figure 3 and
Figure 4).

How to cite: Benkova-Petrova, M., & Bogdanova, S. (2025).
Proteinuria - From a Diagnostic Marker to a Therapeutic Target in Glomerular
Diseases. Rheumatology (Bulgaria), 33(4). https://doi.org/10.35465/gb6efc68

34


https://doi.org/10.35465/gb6efc68
https://doi.org/10.35465/gb6efc68

Rheumatology (Bulgaria) 2026, Volume 33, Issue 4 https://doi.org/10.35465/gb6efc68

GN; LS Means
Current effect: F(6, 50)=2,5812, p=,02950
Effective hypothesis decomposition
Vertical bars denote 0,95 confidence intervals
3500

3000

2500

2000

1500

1000

Pr/Cr-GN

500

-500

-1000

-1500

GN

Figure 3. Analysis of variance (ANOVA) assessing differences in mean protein-to-creatinine ratio
(Pr/Cr) at baseline.
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Figure 4. Analysis of variance (ANOVA) assessing differences in mean protein-to-creatinine ratio
(Pr/Cr) at month 24.
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The analysis of variance (ANOVA) demonstrated no statistically significant
differences in the mean protein-to-creatinine ratio (Pr/Cr) at baseline
across the study groups (p>0.05). This finding indicates that the groups
were comparable at the start of the follow-up period, allowing for a reliable
assessment of subsequent changes over time.

At month 24, ANOVA revealed a statistically significant difference in mean
Pr/Cr values between the study groups (p<0.05). This suggests a
differential treatment response and/or disease progression among the
groups during the follow-up period.

4. Discussion

The results obtained from the present follow-up demonstrate a clear trend
toward a reduction in proteinuria among patients with chronic glomerular
diseases during the course of therapy. Proteinuria is a well-established
marker both of the activity of glomerular injury and of long-term renal
prognosis. The degree of proteinuria is one of the strongest independent
predictors of progression of chronic kidney disease and the development of
end-stage renal failure [1,3,7]. For this reason, its reduction is considered a
primary therapeutic goal in modern nephrology practice.

A significant subset of glomerular diseases included in this study is directly
related to systemic rheumatologic conditions. Kidney-related symptoms in
rheumatic diseases are often present, which increase mortality and
morbidity of patients with rheumatic diseases [37]. For example, lupus
nephritis represents one of the most severe organ manifestations of
systemic lupus erythematosus and is characterized by immune complex
deposition within the glomeruli, leading to proteinuria and progressive
renal dysfunction. Similarly, ANCA-associated vasculitis frequently
presents with rapidly progressive glomerulonephritis and significant
proteinuria, reflecting active small-vessel inflammation. In addition,
cryoglobulinemic vasculitis is associated with immune complex-mediated
glomerular injury, while secondary amyloidosis [31], often seen in chronic
inflammatory rheumatic diseases such as rheumatoid arthritis, leads to
progressive proteinuria due to extracellular deposition of amyloid fibrils
within the kidney. These conditions highlight the close interplay between
systemic inflammation and renal involvement, further emphasizing the
importance of proteinuria as a shared clinical endpoint.

In the present study, the baseline value of 24-hour proteinuria was within
the nephrotic range. The presence of high baseline proteinuria is associated
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with an increased risk of structural damage to the glomerular filtration
barrier, as well as with the development of tubulointerstitial fibrosis, which
plays a key role in the progression of chronic kidney disease [6,7].

During the course of treatment, a statistically significant reduction in
proteinuria was observed as early as the third month of follow-up. Such an
early therapeutic response is considered a favorable prognostic factor,
since early reduction of proteinuria is associated with a slower decline in
glomerular filtration and a lower risk of reaching end-stage kidney disease
(8, 9). The reduction of proteinuria during the first months of treatment is
a strong predictor of long-term therapeutic success, regardless of the
morphological variant of the glomerular disease [4,8,9]. In addition, a
decrease in proteinuria was also observed at the sixth month of follow-up,
indicating a sustained effect of the administered therapy. Although the
difference between the third and sixth months did not reach statistical
significance, the trend toward gradual reduction in proteinuria remained
clearly expressed. This likely reflects the combined effect of ongoing
nephroprotective therapy, including blockade of the renin-angiotensin-
aldosterone system, as well as immunosuppressive treatment in patients
with immune-mediated glomerular diseases [11,12,17].

A particularly important observation is the substantial reduction of
proteinuria to approximately 1.72 g/24 h at the twelfth month. Achieving
proteinuria levels below 2-3 g/24 h is considered partial remission and is
associated with a significant improvement in renal prognosis [9,10]. In
many glomerular diseases, including IgA nephropathy and membranous
nephropathy, reduction of proteinuria below these threshold values is
associated with stabilization of renal function and slowing of chronic kidney
disease progression [8-10].

The results of the present study are consistent with data from large clinical
trials demonstrating that early and sustained reduction in proteinuria is a
key factor in improving long-term renal outcomes. Achieving partial or
complete remission of proteinuria is associated with a significantly lower
risk of developing end-stage renal failure and the need for renal
replacement therapy [8-10,17].

In our cohort, all patients received ACE inhibitors or ARBs (unless
contraindicated) from the time of diagnosis, which likely contributed to the
reduction in proteinuria. It is well established that RAAS blockade has a
pronounced antiproteinuric effect; the REIN study demonstrated a ~40-
50% reduction in proteinuria and slowing of eGFR decline with ramipril in
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proteinuric nephropathies [33]. Our findings are consistent with these
observations, as patients receiving ACEi/ARB therapy showed a marked
reduction in Pr/Cr ratio.

For instance, patients with moderate proteinuria treated with supportive
therapy alone (RAAS blockade, diuretics, statins) achieved a reduction in
proteinuria from approximately 1.5-2 g/day to below 0.5 g/day within 6
months. In cases of persistent or resistant proteinuria (>1 g/day despite 3-
6 months of optimal supportive therapy), immunosuppressive treatment
was initiated in accordance with KDIGO recommendations [23]. The
addition of corticosteroids resulted in further reduction in proteinuria [40].

In patients with IgA nephropathy and nephrotic syndrome, a 6-month
corticosteroid regimen (including pulse and oral administration) led to
remission or significant improvement, consistent with findings reported by
Pozzi et al, who demonstrated a reduced risk of doubling of serum
creatinine and proteinuria compared to controls [34].

Similarly, in focal segmental glomerulosclerosis (FSGS) and minimal change
disease, where corticosteroids are the mainstay of therapy, a substantial
reduction in proteinuria was observed. In minimal change disease, initial
massive proteinuria (~10-15 g/day) nearly completely resolved after an 8-
week course of high-dose prednisolone. In steroid-resistant FSGS, the
introduction of calcineurin inhibitors (tacrolimus) resulted in a >50%
reduction in Pr/Cr over 6 months, consistent with the reported ~60%
remission rate with CNIs in resistant nephrotic syndrome.

Adjunctive therapies such as mineralocorticoid receptor antagonists (e.g.,
spironolactone) provided additional benefits. Patients treated with
spironolactone (25 mg/day) showed a further reduction in Pr/Cr of
approximately 20-30% compared to ACEi monotherapy, in agreement with
data from Park et al, who reported over 40% reduction in proteinuria
within 3 months when low-dose spironolactone was added to ARB therapy
[35]. Although a slight increase in serum creatinine was observed in their
study, no clinically significant deterioration in kidney function was noted in
our cohort, likely due to careful monitoring.

The SGLT2 inhibitor dapagliflozin was administered in selected patients
with IgA nephropathy and residual proteinuria. The observed additional
reduction in Alb/Cr is consistent with findings from the DAPA-CKD trial,
where dapagliflozin reduced albuminuria by approximately 26% compared
to placebo [36].
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Importantly, the degree of proteinuria reduction after 12 months of
treatment is a critical predictor of long-term outcomes. Our data indicate
that patients who achieved proteinuria <1 g/day at month 12 maintained
stable kidney function without progression. This is consistent with previous
studies, such as the Lupus Nephritis Maintenance Trial, which
demonstrated that early reduction in proteinuria during the first year
strongly predicts favorable long-term prognosis [2,9].

The analysis of the protein/creatinine ratio (Pr/Cr) in a spot urine sample
further confirms the observed trend. This parameter is widely used in
clinical practice as a convenient and reliable method for assessing
proteinuria, although in glomerular diseases and at higher levels of protein
excretion, its correlation with 24-hour proteinuria may be moderate rather
than absolute [18,19]. In the present analysis, a significant reduction in
Pr/Cr was observed even in the early stages of follow-up, corresponding to
the observed decrease in 24-hour proteinuria.

The reduction in proteinuria is likely due to the combined effect of the
different therapeutic regimens used in the patients. Blockade of the renin-
angiotensin-aldosterone system represents a fundamental component in
the treatment of proteinuric kidney diseases, as it reduces intraglomerular
pressure and decreases protein filtration through the glomerular barrier
[11,12]. Additionally, in some patients modern nephroprotective
medications such as SGLT2 inhibitors were used; by restoring
tubuloglomerular feedback and reducing glomerular hyperfiltration, these
agents contribute to lowering proteinuria [13,14].

Immunosuppressive therapy also plays an important role in immune-
mediated glomerular diseases. Suppression of the immunological
mechanisms of glomerular injury leads to a reduction in inflammatory
activity within the glomeruli and consequently to a decrease in proteinuria
[1,17]. In diseases such as membranous nephropathy, lupus nephritis, and
ANCA-associated glomerulonephritis, achieving remission of proteinuria is
considered an important indicator of therapeutic success and better long-
term prognosis [10,20].

In a broader clinical context, increasing interest is being directed toward
the role of urinary biomarkers in other diseases of the urogenital system,
including oncological urological conditions, which emphasizes the
importance of early laboratory assessment for diagnosis, follow-up, and
therapeutic monitoring [21].
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Although the present study was not specifically designed for subgroup
statistical analysis, a proportion of patients had glomerular diseases
associated with systemic autoimmune conditions, including lupus nephritis
and ANCA-associated vasculitis [38,39]. In these patients, the observed
reduction in proteinuria paralleled clinical improvement, suggesting that
proteinuria may serve as an indirect marker of systemic disease control.

In rheumatologic practice, proteinuria is increasingly recognized as a key
therapeutic target, particularly in diseases such as systemic lupus
erythematosus and systemic vasculitides. Current treatment strategies in
lupus nephritis aim not only at immunological remission but also at
achieving a significant reduction in proteinuria, often below 0.5-0.7 g/day,
which is associated with improved long-term renal outcomes [22,27].
Similarly, in ANCA-associated vasculitis, reduction in proteinuria reflects
control of glomerular inflammation and is used alongside other markers to
monitor treatment response [29,30]. Therefore, proteinuria represents a
clinically meaningful and measurable endpoint that bridges nephrology and
rheumatology, allowing for integrated assessment of both renal and
systemic disease activity.

These findings are consistent with rheumatology-focused studies
demonstrating that early reduction in proteinuria predicts favorable renal
outcomes in lupus nephritis (KDIGO 2021; EULAR/ERA-EDTA
recommendations) [23-26]. EULAR recommendations for the management
of systemic lupus erythematosus emphasize proteinuria reduction as a
primary treatment goal in lupus nephritis [28].

The present study also has certain limitations. The heterogeneity of the
included glomerular diseases, differences in the therapeutic regimens used,
the relatively small number of patients and the absence of a control group
may limit the ability to directly generalize the findings to all forms of
glomerulopathies. In addition, the retrospective design is associated with
potential biases and incomplete data. Despite these limitations, the study
provides relevant real-world insights into the role of proteinuria as a
marker of disease activity and therapeutic response and confirms the
importance of early therapeutic intervention.
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5. Conclusions

Proteinuria is a central biomarker of disease activity, severity, and
progression in glomerular diseases, including those associated with
systemic rheumatologic disorders. Beyond its role as an indicator of renal
injury, proteinuria serves as an important therapeutic target and
monitoring parameter in conditions such as systemic lupus erythematosus
and systemic vasculitides. The present findings support the concept that
early and sustained reduction in proteinuria is associated with improved
renal outcomes and may reflect effective control of both renal and systemic
disease processes. The reduction of proteinuria is increasingly recognized
as one of the main therapeutic goals in the modern treatment of glomerular
diseases, as well as a reliable indicator of the effectiveness of the applied
therapy. These observations highlight the importance of an integrated
nephrology-rheumatology approach in the management of patients with
immune-mediated kidney involvement.
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IIporenHnypusiTa NpyM UMYHOMEIUMPAHH [JIOMEPYJIHU
3a00JI9BaHMS KATO MapKep 32 00/1eCTHA AKTUBHOCT H
TepaneBTH4YeH 0TTrOBOP: PeTpocneKTHBHO poy4YBaHe

Pe3rome

BbBeaeHue: [IpoTenHypusTa e yTBbPAEH MapKep 3a aKTUBHOCTTA, TEXKECTTa
M TporpecusiTa Ha TIJIOMepyJHUTe 3abossiBaHus. OcBeH 4e oTpassiBa
yBpeX/JaHeTO Ha [JioMepy/aHaTa QUITpalMOHHA Oapuepa, TA WUrpae U
naToreHeTHYHa POJisi B pa3BUTHETO HA TYOYJIOMHTEPCTULMAHO Bb3NaJeHHe
u ¢ubposa. Uemm: /la ce oueHUW JUHAMHUKATa Ha NPOTEMHYpUATA MpHU
NallUeHTU C XPOHUYEH TJIOMepyJOHePpPUT KM HEWHOTO 3HAayeHUe KaTo
VHJUKAaTOp 3a TepameBTH4YeH oTroBop. Metoau: IlpoBeseHo e
pPeTpPOCIeKTUBHO Mpoy4YyBaHe Ha o061mo 57 mNayueHTH C PpasIuyHU
MopdosiorudHM (GOpPMHM Ha XPOHUYEH TIJIOMepyJIOHEQPHUT, JIeKYBaHU B
KnunHukarta no Hedposiorus v fuanusa kbM YMBAJI ,CB. MapuHa“ - BapHa u
npocjiefieHd 3a Nepuoj oT 24 Mecella. AHaJuM3upaHU ca 24-yacoBaTa
NpPOTEUHYPHS U CbOTHOILEHUEeTO NpoTenH /KpeaTuHuH (Pr/Cr) B efHOKpaTHa
ypUHHa mnopuusa. BcuYykuM nanuMeHTH ca  HOJYYWJIM  ONTUMaJHa
HedpONpPOTEKTUBHA Tepanus, a IPpU HaJM4YMe Ha OKa3aHHUs e NpUIaraHo u
MMyHoOCynpecuBHO JsedyeHue. Pedyiaratm: Cpepnara u3xojHa 24-4acoBa
NpOTEUHYpHUS Bb3/Mu3a Ha 594 g/24 h. Jlo TpeTtuss Mecel ce HabJoJaBa
CTAaTUCTUYECKHU 3HAYMMO MOHMKeHUe 10 3,65 g/24 h (p=0,008), nociegBaHo
OT MO-HaTaTblIHA peAyKIus A0 2,7 g/24 h Ha 6-us Mmecen u 10 1,72 g/24 h Ha
12-us mMecen. Hab/1104,aBaHOTO NOHWKEHME € II0OKa3aTeJl 3a PaHEH U YCTOMYUB
TepaneBTHUYeH OTTOBOP B U3CJe/iBaHAaTa MOMyJIalUsl NaleHTU. AHAJIM3bT Ha
CbOTHOIIEHUETO NPOTEUH/KpeaTUHUH NOTBbPK/AaBa ChliaTa 6J1aronpusiTHa
TeHJeHIMA U MOAKpeNs HeroBaTa NPUJI0KUMOCT KaTO HaZleXK/AEeH MapKep 3a
MOHUTOpPHPAaHe Ha NPOTEUHYPUATA B KIMHUYHATA NIPaKTHKA. 3aK/JII0YEeHHE:
PaHHOTO ¥ TpallHO HaMaJiiBaHe Ha NPOTEMHYPUATA € HaJleXJeH UHIUKATOP
3a TepaneBTUYHA ePUKACHOCT IPU XPOHUYHU [JIOMEPYJHU 3a00JIsIBAHUS U €
CBbpP3aHO C TMO0-6/1arompusTHa peHasHa MporHosa. IIpoTeuHypusaTa
NpUTEXaBa ChlLeCTBEHA CTOMHOCT KaKTO KaTO MPOrHOCTUYEH MapKep, TaKa U
KaTo CyporaTeH KpaeH NoKasaTeJ 1 B KIMHUYHOTO NpOoc/e/isiBaHe.

Kimo4yoBu AymMH: npoTeuHypHsi, XPOHUUYEH TrJIOMepyJoHePpPUT, XPOHUYHO
©6b6peyHO 3a60J151BaHe, TepaneBTUYEH OTTOBOP
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Abstract

Cytokines are small, secreted proteins that serve as the principal mediators
of the immune system, orchestrating the complex interplay of cells involved
in inflammation, immunity, and tissue homeostasis. Their dysregulation is

a central feature in the pathophysiology of chronic inflammatory

conditions, particularly autoimmune rheumatic diseases such as
rheumatoid arthritis. This report provides a comprehensive, structured
analysis of the history of cytokines, tracing their evolution from vaguely
understood biological activities to precisely defined molecular targets for
revolutionary therapies. To provide a conceptual foundation, fundamental
definitions and classifications of cytokines are established, with a specific

focus on how the core properties of pleiotropy, redundancy, and network

complexity have profoundly influenced their study and therapeutic

manipulation. The narrative subsequently details landmark discoveries of

key pathogenic cytokines in rheumatology—including the TNF-q, IL-1, and
IL-6 families—while detailing the paradigm shift prompted by the
identification of the IL-23/Th17 axis. Parallel to these discoveries, the
evolution of therapeutic agents is mapped from first-generation biologic
disease-modifying anti-rheumatic drugs (bDMARDs), such as TNF
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inhibitors, to the oral revolution of targeted synthetic DMARDs like Janus
kinase inhibitors, and onward to next-generation strategies including
bispecific antibodies and engineered cytokines. In the final sections, the
current state of the field is synthesized through a critical examination of
unresolved questions and knowledge gaps, such as the mechanisms of
treatment non-response, the challenge of cytokine redundancy, and the
optimal management of systemic comorbidities. Prospective future
directions are outlined, emphasizing an increasing focus on biomarker-
driven patient stratification, multi-target combination strategies, and the
ultimate pursuit of immune tolerance and curative therapies. Together,
these developments represent a clear evolutionary trajectory toward the
realization of precision medicine in rheumatology.

Keywords: cytokines, rheumatic disease, DMARDs, monoclonal antibodies

1. Introduction

Cytokines are a diverse category of small, soluble proteins or glycoproteins,
typically ranging from 5 to 70 kDa, that serve as the primary regulators of
the immune system [1]. Secreted by a wide array of nucleated cells -
including immune cells such as macrophages and T lymphocytes, as well as
non-immune cells like endothelial cells and fibroblasts - they function as
essential intercellular signaling molecules [2]. Historically, their
nomenclature reflected specific cellular origins or perceived functions,
giving rise to terms such as lymphokines, monokines, and interleukins,
though these have since been integrated under the broader "cytokine"
umbrella [2,3]. These molecules exert their influence by binding to high-
affinity receptors via autocrine, paracrine, or endocrine signaling, thereby
directing the maturation, differentiation, and activity of the immune
network [2,4].

The biological impact of cytokines is governed by a set of core properties
that render their network behavior exceptionally complex. These include
pleiotropy, where a single cytokine like Tumor Necrosis Factor-alpha (TNF-
a) exerts multiple effects across different cell types, and redundancy, where
distinct cytokines perform overlapping functions [1,2,5]. Furthermore, the
immune response is fine-tuned through synergy, antagonism, and cascade
induction, where the secretion of one cytokine triggers a self-perpetuating
loop of secondary mediators [2,6]. This inherent complexity has historically
complicated therapeutic efforts; for example, redundancy can lead to
treatment resistance when a single cytokine is blocked, while pleiotropy
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may result in unintended side effects [5,6]. Such challenges have driven the
evolution of the field from simple monoclonal antibodies toward more
sophisticated strategies, including Janus kinase (JAK) inhibitors and
engineered bispecific molecules designed to navigate these intricate
pathways.

To fully understand their clinical relevance, cytokines must be situated
within the broader context of inflammatory mediators and biologically
active molecules. Inflammatory mediators comprise a heterogeneous group
of chemical factors - including vasoactive amines, lipids, and complement
proteins - that orchestrate the physiological signs of inflammation [7,8].
More broadly, cytokines are classified as biologically active molecules, a
term encompassing all proteins, hormones, and growth factors that elicit
specific biological responses to maintain homeostasis [9]. In the field of
rheumatology, the dysregulation of these mediators is the cornerstone of
disease, as their persistent activity drives the chronic inflammation and
joint destruction characteristic of various rheumatic pathologies [8].

The aim of this study is to provide a comprehensive overview of the history
of cytokines and the evolution of molecular knowledge surrounding them
to define a trajectory for future research in rheumatology. By examining the
transition from early phenomenological observations to the current era of
precision medicine, we seek to elucidate the role of cytokine involvement in
the pathogenesis of rheumatic diseases. Ultimately, this perspective aims to
facilitate the development of novel diagnostic biomarkers and next-
generation therapeutic strategies centered on the precise modulation of the
cytokine network.

2. Classification of Cytokines, Mediators, and Biologically
Active Molecules

The expansive diversity of the cytokine network necessitates a multifaceted
classification system to organize these molecules into coherent groups.
Rather than a single universal standard, cytokines are categorized through
several parallel frameworks based on their primary biological function,
three-dimensional protein structure, genetic homology, or the specific
receptor superfamilies they utilize. Each of these classification schemes
provides a distinct perspective essential for understanding cytokine biology
and the subsequent development of targeted rheumatological
interventions.
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2.1 Functional Classification and Context-Dependent Plasticity
From a clinical perspective, cytokines are most intuitively classified by their

principal effect on the inflammatory process, established as a functional
dichotomy between pro-inflammatory and anti-inflammatory mediators.
Pro-inflammatory cytokines, such as TNF-q, Interleukin-1 (IL-1), and IL-6,
are the primary drivers of pathogenesis in rheumatic diseases; they are
responsible for leukocyte recruitment to the synovium, activation of
destructive enzymatic processes, and the perpetuation of chronic tissue
damage [1,10]. More recently, the IL-17 and IL-23 families have emerged as
critical mediators in this group, specifically in the differentiation of
pathogenic Th17 cells [11]. Conversely, anti-inflammatory cytokines,
including IL-10, Transforming Growth Factor-beta (TGF-f3), and IL-37, serve
as regulatory brakes that suppress inflammatory cell activity and promote
tissue repair [1,12]. However, this classification is notably context-
dependent. The biological outcome of cytokine signaling is dictated by the
cellular milieu and timing; for example, while IL-6 is a hallmark pro-
inflammatory driver of the acute-phase response, it can also exhibit anti-
inflammatory properties by inducing specific inhibitors [5]. Similarly, TGF-
B acts as a potent immunosuppressant but can promote highly pathogenic
Th17 differentiation in the presence of IL-6 [13].

2.2 Structural and Familial Categorization
Cytokines are also grouped by their tertiary protein structures, which often

reflect shared evolutionary origins and mechanisms of receptor
engagement. The three primary structural classes include the four-a-helix
bundle cytokines (e.g., [L-2, IL-4, IL-6, and GM-CSF), the 3-sheet cytokines -
characterized by antiparallel beta-strands as seen in the IL-1 and TNF
superfamilies - and the cysteine knot cytokines, such as the TGF-f
superfamily, which possess an interlocked disulfide bond topology that
confers high protein stability [5]. These structural motifs correspond
closely with the division of cytokines into major families. The IL family
represents the largest and most heterogeneous group, mediating complex
communication between leukocytes and various non-immune cells [14].
The Interferon (IFN) family (Types [, II, and III) remains central to antiviral
and immunomodulatory responses, while the TNF superfamily molecules
are typically synthesized as transmembrane proteins critical for apoptosis
and lymphoid organogenesis. Additionally, the chemokine family consists
of small proteins (8-10 kDa) defined by their role in leukocyte chemotaxis
[2,14], and Colony-Stimulating Factors (CSFs) primarily regulate the
proliferation and survival of hematopoietic progenitor cells [15].
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2.3 Receptor Superfamilies and the Molecular Basis of Redundancy
The classification of cytokines by their receptor superfamilies offers the

most profound insight into their signaling mechanisms and the molecular
basis of functional redundancy. Type 1 cytokine receptors (the
hematopoietin family) represent the largest group and are characterized by
shared signal-transducing subunits [16]. This is exemplified by the common
y chain (yc) used by IL-2 and IL-15, the common {3 chain (c) shared by IL-
3 and GM-CSF, and the gp130 subunit utilized by the IL-6 family. Type II
receptors include those for interferons and the IL-10 family, while the TNF
receptor (TNFR) superfamily is distinguished by repeating cysteine-rich
extracellular domains [5]. In contrast, chemokine receptors are seven-
transmembrane G protein-coupled receptors (GPCRs) [17,18], and the TGF-
B receptor family possesses unique intrinsic serine/threonine Kkinase
activity.

The discovery of shared signaling chains within these receptor families was
a watershed moment in immunology, explaining why diverse cytokines
often elicit overlapping biological effects. This understanding shifted the
therapeutic paradigm in rheumatology: rather than targeting single
cytokines, researchers recognized that inhibiting shared intracellular hubs
could provide broader control over poly-cytokine-driven inflammation.
This logic directly informed the development of JAK inhibitors [19]. Because
the JAK-STAT pathway is the primary signaling conduit for Type I and Type
Il receptors, small-molecule JAK inhibition effectively dampens the signals
of multiple pathogenic cytokines simultaneously, offering a potent
therapeutic strategy for complex diseases like rheumatoid arthritis (RA)
[20].

3. Discovery of Pathogenic Cytokines and Inhibitors in
Rheumatic Diseases

The historical progression of our comprehension of RA is intrinsically
intertwined with the elucidation of cytokines. This narrative unfolds as a
scientific investigative endeavor, progressing from macroscopic biological
observations to the precise identification of specific molecular effectors,
culminating in the principled development of therapeutic interventions
designed to neutralize their activity. Such seminal discoveries that
established TNF-a, IL-1, IL-6, and the IL-23/Th17 axis are pivotal
constituents within the pathogenesis of rheumatic diseases.
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3.1 The Pre-Cytokine Era: From "Endogenous Pyrogen" to
"Lymphokines”

Before the advent of molecular biology and recombinant DNA technology,
scientists could only characterize the activities of soluble factors, not the
factors themselves. In the mid-20th century, research into fever led to the
concept of an "endogenous pyrogen" (EP) - a substance produced by the
host's own cells, rather than by bacteria, that could induce a febrile
response [21]. This was a crucial conceptual leap, suggesting the body
produced its own inflammatory mediators. Later work would reveal EP to
be primarily IL-1 [22].

Simultaneously, in the field of immunology, researchers studying
lymphocyte cultures in the late 1960s and 1970s observed that activated
lymphocytes released soluble factors that could influence the behavior of
other immune cells. These functionally defined substances were given
names reflecting their origins: "lymphokines" if they came from
lymphocytes and "monokines” if they came from monocytes [2]. The first
such lymphokines were isolated from in vitro cultures in 1969 [23]. These
terms were placeholders for what was essentially a "black box" of biological
activity. The field began to unify in 1979 at the Second International
Lymphokine Workshop, where the term "Interleukin" was proposed to
describe these molecules that acted as signals between leukocytes, marking
a transition toward a more unified nomenclature [22,24].

3.2 The TNF-a Revolution: Unifying "Cachectin" and "Tumor Necrosis
Factor" and Targeting the Lynchpin of RA
The story of TNF is a classic example of scientific convergence, where two

disparate lines of inquiry led to the same molecule, revolutionizing both
oncology and immunology.

In 1975, researchers at Memorial Sloan-Kettering, studying the anti-cancer
effects of bacterial toxins first noted by William Coley in the 1890s,
identified a factor in the serum of endotoxin-treated mice that caused
hemorrhagic necrosis of tumors. They named it "Tumor Necrosis Factor"
[6,25]. In a parallel field, immunoparasitologist Anthony Cerami and his
group at Rockefeller University were investigating the cause of cachexia, the
profound wasting syndrome seen in chronic diseases like cancer and
tuberculosis. They identified a macrophage-secreted factor that suppressed
lipoprotein lipase and induced this wasting state, which they named
"cachectin" [26].

The pivotal moment came in 1985 when Cerami's group, including a young
postdoctoral fellow named Bruce Beutler, purified cachectin and sequenced
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it. They made the stunning discovery that it was the same molecule as TNF
[27]. This unified the fields of cancer biology and immunology. More
importantly, Beutler and Cerami performed a seminal experiment: they
generated antibodies against TNF and showed that passively immunizing
mice with these antibodies protected them from the lethal effects of
endotoxin shock [28]. This was groundbreaking, as it proved that TNF was
not just a correlative marker of disease but a causative mediator of
inflammation and pathology. The therapeutic paradigm shifted from using
TNF to kill tumors to blocking TNF to treat inflammation.

The focus then turned to autoimmune disease. In the UK, Marc Feldmann
and Ravinder Maini were developing a new hypothesis about the
pathogenesis of RA, suggesting that cytokine interactions within the
synovial tissue were key [29]. In 1989, their group made the critical finding
that TNF-a was produced at high levels in synovial cell cultures from RA
patients and appeared to be at the apex of the pro-inflammatory cytokine
cascade, driving the production of other cytokines like IL-1 and IL-6 [30].
Subsequent work confirmed that TNF and its receptors were abundantly
expressed in the rheumatoid joint [31]. This laboratory finding was rapidly
translated into animal models, where anti-TNF antibodies were shown to
be highly effective at ameliorating collagen-induced arthritis [32]. This
provided the direct rationale for human trials. In 1992, Feldmann and Maini
initiated the first open-label clinical trial of a chimeric anti-TNF antibody,
infliximab, in patients with severe RA [33,34]. The results were remarkably
positive, with rapid and dramatic improvements in clinical signs and
symptoms, heralding the dawn of the biologic therapy era in rheumatology.

3.3 The Interleukin-1 Axis: A Parallel Pathway of Inflammation and
Tissue Destruction
Running parallel to the TNF story was the elucidation of the IL-1 pathway,

another critical mediator of inflammation and, particularly, tissue
destruction in RA. As mentioned, the story of IL-1 began with research on
endogenous pyrogen (EP) in the early 1970s [21]. Charles Dinarello was a
key figure in purifying and characterizing EP from human leukocytes [22].
At the same time, in the context of rheumatology, Jean-Michel Dayer and
Stephen Krane's group at Harvard made a seminal observation. They found
that a factor produced by monocytes, which they termed "mononuclear cell
factor" (MCF), could stimulate synovial fibroblasts from RA patients to
produce large quantities of collagenase (now known as MMP-1) and
prostaglandins - key mediators of cartilage and bone destruction [35]. In
1979, at the same meeting where "Interleukin” was coined, it was
recognized that EP, MCF, and another factor called "lymphocyte activating
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factor"” (LAF) were likely the same entity, which was unified under the name
Interleukin-1 [21,24].

The molecular identity of IL-1 was definitively established in 1984-1985
with the cloning of the cDNAs for two distinct but related forms, IL-1a and
IL-1B3, by several groups, including those led by Dinarello and Peter
Lomedico [36-38]. The availability of recombinant IL-1 protein confirmed
that this single cytokine was indeed responsible for the vast array of
biological activities previously attributed to different "factors," from fever
to joint destruction.

A unique and critical chapter in the IL-1 story was the discovery of its own
natural inhibitor. In 1984, Dayer's group reported that a factor present in
the urine of febrile patients could specifically block the activity of IL-1 on
synovial cells without affecting TNF [39,40]. This was the first description
of a naturally occurring, specific cytokine receptor antagonist. This
molecule, named IL-1 receptor antagonist (IL-1Ra), was purified and cloned
in 1990 [21,41]. The existence of a dedicated natural inhibitor highlighted
the potent and dangerous potential of unchecked IL-1 signaling, and it
provided a ready-made template for a therapeutic agent (anakinra) [42].

3.4 The Rise of Interleukin-6: A Pleiotropic Mediator of Systemic
Inflammation and the Acute Phase Response
While TNF-a and IL-1 are potent drivers of local joint inflammation, IL-6

emerged as a key mediator of the systemic features of RA. In the early
1980s, Tadamitsu Kishimoto's group in Japan was investigating the soluble
factors that drive the final differentiation of B cells into antibody-producing
plasma cells. They identified one such factor and named it B-cell stimulatory
factor-2 (BSF-2) [43].

In 1986, Kishimoto's team successfully cloned the cDNA for BSF-2. In a
remarkable coincidence of scientific discovery, other research groups
independently cloned genes for factors with entirely different biological
activities: "interferon-beta2" (a protein with antiviral activity),
"hybridoma/plasmacytoma growth factor,” and "hepatocyte-stimulating
factor" (a factor that induced acute-phase protein production in liver cells)
[43,44]. Upon sequence comparison, all of these molecules were found to be
identical. This pleiotropy was so fundamental to its nature that when the
molecule was officially named Interleukin-6 in 1988, it was already
understood to have a wide range of functions [45].

In RA, IL-6 was found to be produced at high levels in the synovium, often
induced by TNF-a and IL-1 [46]. Its unique role, however, lies in its systemic
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effects. IL-6 is the principal driver of the hepatic acute-phase response,
leading to the elevated levels of C-reactive protein (CRP) and fibrinogen
seen in active RA [47]. It also contributes to the anemia of chronic disease
by inducing hepcidin production, and to the thrombocytosis by acting on
megakaryocytes [45]. This central role in systemic inflammation made the
IL-6 receptor an attractive therapeutic target, culminating in the
development of the monoclonal antibody tocilizumab [43,48].

3.5 The Discovery of the IL-23/Th17 Axis and its Redefinition of T-
Cell-Mediated Autoimmunity
For many years, the "Th1l/ThZ paradigm" dominated immunology,

proposing that autoimmune diseases like RA were primarily driven by a T
helper 1 (Th1) cell response, characterized by the cytokine IFN-y [10].
However, the modest success of therapies targeting Thl pathways
suggested this model was incomplete. The breakthrough came from work
distinguishing the functions of IL-12 and a newly discovered cytokine, IL-
23. These two cytokines are related; they share a common protein subunit
called p40, but are paired with distinct second subunits (p35 for IL-12, and
p19 for IL-23) [11]. Using gene knockout mice in models of autoimmunity,
a team at DNAX research institute led by Daniel Cua made a pivotal
discovery. Mice lacking the IL-12-specific p35 subunit still developed severe
autoimmune inflammation, but mice lacking the IL-23-specific p19 subunit
were completely protected. This seminal finding, published in Nature in
2003, demonstrated that IL-23, not IL-12, was the critical cytokine for
driving T-cell-mediated autoimmunity [49].

The immediate question was: what is the cellular target of IL-23? It was
known that IL-23 could stimulate T cells to produce IL-17, a pro-
inflammatory cytokine that had been cloned back in 1993-1995 but whose
cellular source and significance were unclear [50,51]. In 2005, landmark
papers from several independent groups, including those led by Casey
Weaver [52] and Chen Dong [53], described a novel subset of CD4+ T helper
cells. These cells were distinct from Thl and Th2 cells and were
characterized by their signature production of IL-17, leading to their
designation as "Th17" cells [54]. They found that the differentiation of these
cells was driven by a combination of TGF-f3 and IL-6, and that IL-23 was not
required for their initial differentiation but was essential for their
expansion, stabilization, and pathogenic function in vivo.

With the discovery of this new pathogenic T cell lineage, the role of IL-17 in
RA was rapidly clarified. IL-17 was found in high concentrations in the RA
synovium, where it acts as a potent pro-inflammatory mediator [10]. It
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synergizes with TNF-a and IL-1 to drive the production of other
inflammatory molecules, is a powerful recruiter of neutrophils into the
to bone erosion by promoting
osteoclastogenesis [50]. The discovery of the IL-23/Th17 axis revealed an
entirely new arm of the immune response driving autoimmunity and
provided the clear scientific rationale for developing a new class of biologics
targeting IL-23 or IL-17 [11]. Table 1 provides a condensed summary of

joint,

these landmark discoveries.

and directly contributes

Table 1. Summary of the discoveries of key cytokines (TNF-a, IL-1, IL-1Ra, IL-6, IL-

23/Th17 axis).
Cytokine/ Pathway

Key

Discoverer(s)/
Group

Seminal
Finding/
Publication

Pathogenic
Mechanism in RA

TNF-a

IL-1

IL-1Ra

IL-6

Carswell,
Cerami/Beutler,
Feldmann/Maini

Beeson,
Dinarello,
Dayer/Krane

Dayer, Seckinger

Kishimoto

1975-
1992

1940s-
1985

1984-
1990

1980s-
1988

Identification as
tumor  necrosis
factor and
cachectin;
protection from
endotoxin shock
with anti-TNF Ab;
identification as a
pivotal cytokine
in RA synovium
[25-34]
Identification as
endogenous
pyrogen (EP) and
mononuclear cell
factor (MCBE);
cloning of IL-1la
and IL-1f cDNA
[21-24, 36-38],

Discovery of a
specific, natural
IL-1 inhibitor in
human urine;
cloning of the IL-1
Receptor
Antagonist  (IL-
1Ra) [21, 39-42]
Identification as
B-cell stimulatory
factor-2 (BSF-2);

cloning and
unification  with
other factors

(IFN-B2, HSF) to
become IL-6 [43-
48]

Apex of the
inflammatory cascade;
induces other
cytokines (IL-1, IL-6);
promotes cell
adhesion and
recruitment; activates
osteoclasts

Potent pro-
inflammatory

mediator; induces
fever and systemic

symptoms; stimulates
production of matrix
metalloproteinases

(MMPs) leading to
cartilage degradation

Natural brake on IL-1

signaling; its
therapeutic form
(anakinra)

competitively inhibits
IL-1 binding to its
receptor

Key driver of systemic
inflammation; induces
hepatic  acute-phase
response (e.g., CRP);
contributes to anemia,
fatigue, and
thrombocytosis
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Discovery that IL-
23 (not IL-12) is
critical for T-cell
mediated
autoimmunity;
identification of
the Thl7 cell
subset as the
source of IL-17
[10,11,49-52]

IL-23/Th17 Axis Cua, Weaver,  2003-
Dong 2005

IL-17 recruits
neutrophils; promotes
inflammation;
synergizes with
TNF/IL-1; drives
osteoclastogenesis
and bone erosion

APC: Antigen-presenting cell, BSF-2: B-cell Stimulatory Factor-2, DMARD: Biologic
disease-modifying antirheumatic drug, CD20: Cluster of differentiation 20, CTLA4-Ig:
Cytotoxic T-lymphocyte-associated protein 4-immunoglobulin fusion protein, EP:
Endogenous pyrogen, EU: European Union, Fab': Fragment antigen-binding, HSF:
Hepatocyte Stimulating Factor, IFN: Interferon, IL: Interleukin IL-1Ra: Interleukin-1
receptor antagonist, JAK: Janus kinase, MCF: Macrophage Chemotactic Factor, RA:
Rheumatoid arthritis, Th17: T helper 17 cells, TNF-a: Tumor necrosis factor-alpha
TYKZ2: Tyrosine kinase 2, US: United States

4. The Development of Cytokine-based Targeted Therapy in
Rheumatology

The elucidation of the cytokine network in RA, as detailed previously, did
not remain a purely academic exercise. It directly catalyzed a therapeutic
revolution, transforming RA from a progressively disabling condition into a
manageable chronic disease for many patients. This section details the
evolution of these therapies, tracing a clear trajectory from the first targeted
injectable biologics to orally available small molecules and onward to the
innovative strategies of the future. This progression represents a
continuous effort to improve efficacy, enhance safety, broaden the base of
responsive patients, and address the fundamental challenges of cytokine
biology.

4.1 First-Generation Biologics: The Era of Monoclonal Antibodies and
Fusion Proteins
The late 1990s and early 2000s marked the dawn of targeted therapy in

rheumatology. For the first time, drugs were not broad-spectrum
immunosuppressants but were rationally designed, genetically engineered
proteins aimed at neutralizing a single, specific pathogenic molecule.

4.1.1 TNF-a Blockers
Building directly on the foundational work of Feldmann, Maini, Beutler, and

Cerami, TNF-a inhibitors were the first class of biologic disease-modifying
antirheumatic drugs (bDMARDs) to be developed and approved [55]. Their
dramatic success established the "cytokine blockade" principle and set the
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standard for all subsequent biologics. The first approved agents utilized
different molecular strategies to achieve the same goal.
Infliximab, first approved for Crohn’s disease in 1998, is a chimeric
monoclonal antibody, meaning it combines mouse variable regions (for
antigen binding) with a human constant region (to reduce immunogenicity)
[55]. Adalimumab and golimumab are fully human monoclonal antibodies,
further reducing the potential for the patient's immune system to recognize
the drug as foreign and develop anti-drug antibodies [56]. Etanercept, also
approved in 1998, uses a different design. It is a fusion protein that links
two extracellular domains of the human p75 TNF receptor to the Fc portion
of human IgG1 [57]. It acts as a "decoy receptor,” binding to and neutralizing
soluble TNF-a before it can engage with cellular receptors. Certolizumab
pegol, a PEGylated Fab' fragment of a humanized monoclonal antibody,
lacks the Fc region present in other agents and therefore does not mediate
cell-killing mechanisms such as apoptosis, complement-dependent
cytotoxicity, or antibody-dependent cell-mediated cytotoxicity. To
compensate for the poor in vivo pharmacokinetics of the Fab' fragment, a
40 kDa polyethylene glycol moiety is attached to increase its half-life to a
level comparable with whole antibody products [58].

The introduction of TNF blockers transformed RA management. However,
their limitations quickly became apparent. A significant proportion of
patients exhibit a primary non-response, and others lose response over
time [59]. Furthermore, as potent immunosuppressants, they carry an
increased risk of serious infections and other side effects, and being
injectable proteins, they can be inconvenient for patients [60]. These
limitations created a clear unmet need for alternative therapeutic
mechanisms.

4.1.2 IL-1 and IL-6 Receptor Blockade
The success of TNF blockade validated the cytokine-targeting approach and

spurred the development of drugs aimed at other key pathways identified
in the synovium, providing crucial options for patients who failed or were
intolerant to TNF inhibitors.

Anakinra is a recombinant form of the naturally occurring IL-1 receptor
antagonist (IL-1Ra) [61]. [t competitively inhibits the binding of both IL-1«
and IL-1f to the IL-1 receptor. While effective, its clinical efficacy in RA was
generally found to be more modest than that of TNF inhibitors, and its short
half-life requires daily injections, which has limited its use in this indication.
However, it proved highly effective in a group of rare autoinflammatory
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conditions such as cryopyrin-associated periodic syndromes (CAPS), where
IL-1 is the central pathogenic driver [21].

Tocilizumab is a humanized monoclonal antibody that targets the IL-6
receptor (both soluble and membrane-bound forms), preventing IL-6 from
signaling [62]. Approved for RA in 2009, it proved to be a highly effective
therapy, not only for joint inflammation but particularly for the systemic
features of RA, such as fatigue, anemia, and the acute phase response, which
are strongly driven by IL-6 [43]. Its success provided a valuable alternative
for TNF-inadequate responders (TNF-IR).

4.2 The Second Wave of Biologics: Targeting the Th17 Pathway
The discovery of the IL-23/Th17 axis as a new, independent pathway of

autoimmunity provided a fresh set of targets for drug development, leading
to a second wave of biologics.

Secukinumab and ixekizumab are monoclonal antibodies that directly
neutralize IL-17A [63,64]. Bimekizumab represents a further evolution in
this class; unlike secukinumab and ixekizumab, which selectively target IL-
17A, bimekizumab is a humanized IgG1 antibody that dual-neutralizes both
[L-17A and IL-17F. This dual inhibition is hypothesized to provide superior
efficacy, as both isoforms are overexpressed in inflammatory tissues and
synergistically drive synovial inflammation and joint damage [65].
Ustekinumab takes a different approach, targeting the shared p40 subunit
of IL-12 and IL-23, thereby blocking both the Th1 and Th17 pathways [66].
Expanding on this, more selective inhibitors have been developed to target
the p19 subunit of IL-23 specifically [67,68]. Risankizumab is a high-affinity
humanized monoclonal antibody that binds the IL-23 p19 subunit,
effectively inhibiting IL-23 signaling without affecting IL-12, which shares
the p40 subunit [67]. Similarly, guselkumab is a selective IL-23 inhibitor
that has demonstrated significant efficacy in reducing disease activity in
both peripheral and axial forms of psoriatic arthritis by suppressing the IL-
23/Th17 axis [68].

These drugs have demonstrated outstanding efficacy in psoriasis, psoriatic
arthritis (PsA), and ankylosing spondylitis (AS), where the [L-17/23 axis is
a dominant pathogenic driver [69,70]. However, their performance in RA
clinical trials has been surprisingly modest [71]. This discrepancy between
diseases has become a key area of debate and research. It strongly suggests
that while the IL-17 pathway is present in the RA synovium, it may not be
as central or as indispensable to the disease process as the TNF and IL-6
pathways, or that its role is confined to a specific subset of RA patients
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[72,73]. This highlights the critical concept of a "cytokine hierarchy" that
differs between autoimmune diseases, even those that appear clinically
similar [74].

4.3 The Oral Revolution: Targeted Synthetic DMARDs
A major paradigm shift in RA therapy occurred with the development of

targeted synthetic DMARDs (tsDMARDs) [75]. This marked a move away
from large, injectable protein-based biologics to orally available small
molecules that could penetrate the cell membrane and inhibit key
intracellular signaling pathways.

4.3.1 Discovery and Mechanism of the JAK-STAT Pathway
The JAKs are a family of four intracellular tyrosine kinases (JAK1, JAK2,

JAK3, and TYK2) that are essential for transducing signals from Type [ and
Type II cytokine receptors [19]. When a cytokine binds to its receptor, it
brings the associated JAKs into close proximity, allowing them to
phosphorylate and activate each other. The activated JAKs then
phosphorylate the receptor itself, creating docking sites for Signal
Transducer and Activator of Transcription (STAT) proteins (Figure 1). The
JAKs then phosphorylate the STATs, which dimerize, translocate to the
nucleus, and act as transcription factors to alter gene expression [76]. This
JAK-STAT pathway, elucidated in the early 1990s by researchers including
James Darnell, was identified as a critical signaling hub for a multitude of
pro-inflammatory cytokines implicated in RA, including IL-2, IL-6, IL-7, IL-
15, and interferons [19]. This made the JAK family an exceptionally
attractive therapeutic target. A single small molecule inhibitor could, in
theory, block the downstream effects of numerous pathogenic cytokines

A. Canonical JAK-STAT Signaling Pathway. B. Cytokine Receptor Families and JAK/STAT Usage.
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simultaneously, offering a broader mechanism of action than a monoclonal
antibody targeting a single cytokine.

Figure 1. The JAK-STAT Signalling Pathway: Mechanism, Diversity, and
Therapeutic Targeting in Rheumatoid Arthritis.

4.3.2 Clinical Development of Pan-JAK and Selective JAK Inhibitors
Tofacitinib, the first-in-class “jakinib”, began development in the mid-1990s

through a collaboration between the NIH and Pfizer and was approved for
RA by the FDA in 2012 [77]. Tofacitinib is considered a "pan-JAK" inhibitor,
though it shows greater selectivity for JAK1 and JAK3 over JAK2 and TYK2
[78].

Following the success of tofacitinib, a new generation of more selective JAK
inhibitors was developed. The rationale was that by targeting specific JAKs
more precisely, one might be able to retain the therapeutic efficacy while
minimizing off-target effects associated with inhibiting other JAKs (e.g.,
effects on hematopoiesis linked to JAK2Z inhibition). This led to the
development and approval of baricitinib [79], a selective JAK1/2 inhibitor,
and upadacitinib, a highly selective JAK1 inhibitor [80]. Filgotinib further
exemplifies this trend as a potent, once-daily oral highly selective JAK1
inhibitor that has demonstrated rapid, sustained clinical responses and a
favorable safety profile in patients with RA who have had an inadequate
response to methotrexate [81]. These oral agents have demonstrated
efficacy comparable to, and in some cases superior to, injectable biologics,
representing a major advance in the RA treatment armamentarium [82].

4.4 The Next Frontier: Innovative and Future Therapeutic Strategies
The field continues to evolve, driven by the need to treat the remaining

population of patients with refractory disease, improve safety, and move
toward the ultimate goal of consistent remission or cure. Current research
is focused on several innovative frontiers.

4.4.1 Engineered Cytokines and Biosimilars
To address the limitations of natural cytokines (which have short half-lives

and high toxicity when used therapeutically), protein engineering
techniques are being used to create "smarter” cytokines. Strategies like
pegylation (attaching polyethylene glycol) can extend a drug's half-life,
reducing dosing frequency [58]. Fusion proteins can be designed to target
cytokines to specific tissues, enhancing local efficacy while minimizing
systemic side effects [83,84]. In parallel, as patents for the original
blockbuster biologics expire, the market for biosimilars - highly similar,
officially approved copies of the original drug - is expanding rapidly.
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Biosimilars for infliximab, etanercept, and adalimumab are now widely
available, offering the potential for significant cost savings and increased
patient access to these life-changing therapies [57,85].

4.4.2 Bispecific Antibodies and Multi-Target Approaches
In a direct response to the challenge of cytokine redundancy, bispecific

antibodies (BsAbs) are being developed. These engineered molecules have
two different antigen-binding sites, allowing them to engage two distinct
targets simultaneously [86]. This approach essentially builds combination
therapy into a single molecule. In rheumatology, several strategies are being
explored in clinical trials, including BsAbs that can neutralize two different
cytokines at once or that can bridge two different cells together (e.g,
binding to the CD20 marker on a pathogenic B cell and the CD3 marker on
a cytotoxic T cell, bringing the Kkiller cell directly to its target) [87]. This
represents a logical and sophisticated evolution in therapeutic design,
aiming to overcome the therapeutic ceiling seen with single-target agents.

4.4.3 Emerging Modalities
Looking further ahead, several cutting-edge technologies are being

explored that could fundamentally change how autoimmune diseases are
treated.

MicroRNAs (miRNAs) are small non-coding RNAs that can regulate gene
expression post-transcriptionally [88]. Specific miRNAs have been shown
to control the production of pro-inflammatory cytokines like TNF-a.
Developing drugs that can mimic or inhibit these miRNAs could offer a novel
way to fine-tune the inflammatory response at a genetic level [89].

Perhaps the most revolutionary approach is the use of engineered cell
therapies. Chimeric Antigen Receptor (CAR) T-cell therapy, which has
transformed the treatment of certain blood cancers, involves taking a
patient's own T cells, genetically engineering them to recognize a specific
target (e.g., the CD19 marker on B cells), and re-infusing them to eliminate
the target cell population [90]. Stunningly successful reports of using CD19
CAR-T to induce drug-free remission in patients with severe, refractory
systemic lupus erythematosus and systemic sclerosis have ignited immense
excitement about its potential for other B-cell-mediated rheumatic diseases
[91,92].

5. Discussion

The journey of cytokine research in rheumatology is a remarkable story of
scientific progress, illustrating a clear evolutionary path from observing
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broad inflammation to designing precision-targeted therapeutics. This
journey has fundamentally altered the natural history of rheumatic diseases
for millions of people. However, the completion of this journey is not yet in
sight. The very successes of the past have illuminated the remaining
complexities of the immune system, revealing significant knowledge gaps
and unresolved questions. The future of the field lies in addressing these
challenges, moving beyond simple immunosuppression toward the
ambitious goals of personalized medicine, durable remission, and
ultimately, a cure.

5.1 Synthesis of the Evolutionary Trajectory: From Broad
Inflammation to Precision Targets
The narrative arc of cytokines’ history traces a clear and logical progression.

[t begins with the earliest immunological studies, which could only describe
biological phenomena like fever or inflammation as the work of ill-defined
"factors" [21]. The advent of protein biochemistry and molecular biology in
the latter half of the 20th century allowed for the identification of the
specific molecular culprits, namely cytokines like TNF-a, IL-1, and IL-6 [93].
This knowledge directly enabled the first therapeutic revolution: the
development of biologic drugs, such as monoclonal antibodies, that could
neutralize these specific targets with high precision [55].

The clinical limitations of these first-generation biologics - namely, non-
response in a substantial subset of patients and the inconvenience of
injections - drove the next evolutionary step. Scientists looked downstream
of the cytokine-receptor interaction to the intracellular signaling hubs,
leading to the development of orally available small molecule JAK inhibitors
that could block the pathways of multiple cytokines at once [77]. Now,
facing the persistent challenges of treatment resistance and the deep-seated
complexity of the cytokine network, the field is entering a third era. This
new frontier is characterized by even more sophisticated strategies, such as
bispecific antibodies designed to overcome redundancy and cellular
therapies aimed at resetting the immune system entirely [87,91]. This
trajectory is a testament to iterative innovation, where each generation of
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therapy is born from the scientific questions raised by the limitations of the
last (Figure 2).

Limitations driving the Limitations driving the
next evolutionary step ~ > | next evolutionary step

Era 1: Broad Inflammation || Era 2: Precision Targets Era 3: Intracellular Signaling Era 4: New Frontiers
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Figure 2. The evolutionary trajectory of cytokine-targeted therapeutics,
illustrating the progression from early observations of broad inflammation to the
development of precision biologics, intracellular signaling inhibitors, and next-
generation cellular and bispecific therapies.

5.2 Current Knowledge Gaps and Unresolved Debates
Despite the powerful therapeutic armamentarium now available, several

fundamental questions remain unanswered. These knowledge gaps
represent the most active and important areas of current research in
rheumatology.

A significant challenge remains: why do 30-40% of patients diagnosed with
RA fail to achieve a satisfactory therapeutic response to initial biologic
agents, such as TNF inhibitors? [59]. The mechanisms underlying this
primary and secondary non-response are poorly understood. It may be due
to the dominance of alternative, non-targeted cytokine pathways in those
individuals, the influence of genetic background, environmental factors, the
development of anti-drug antibodies, or other unknown biological variables
[94]. Elucidating these mechanisms is paramount to moving beyond the
current "trial-and-error" approach to prescribing.

Our understanding of the cytokine network, with its intricate web of
synergistic, antagonistic, and feedback-regulated interactions, remains
incomplete [1]. While we can block one or two nodes in this network
effectively, we have yet to fully grasp how to modulate the entire system
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back to a state of healthy homeostasis. The inherent redundancy of the
system means that blocking one pathway may simply lead to compensatory
upregulation of another. Developing therapeutic strategies that can account
for and overcome this network-level complexity is a major future challenge.

RA is a systemic disease, and chronic inflammation is a known driver of
serious comorbidities, most notably accelerating cardiovascular disease
(CVD) [95]. A major unresolved debate in clinical practice is how best to
manage this excess risk. Should the focus be on aggressively managing
traditional CVD risk factors like lipids and hypertension, or should it be on
achieving the deepest possible suppression of systemic inflammation
through cytokine blockade? While evidence suggests both are important,
the optimal strategy and the relative contribution of each approach are still
under active investigation and debate [96,97].

The striking difference in the efficacy of IL-17 inhibitors in psoriasis versus
RA is a powerful lesson in disease-specific immunology [50]. It
demonstrates that even in clinically related autoimmune diseases, the
hierarchy and relative importance of pathogenic cytokine pathways can
differ profoundly. Understanding the molecular basis for these differences
is a key knowledge gap that, if filled, could lead to more rational drug
development and application across the spectrum of autoimmune
conditions.

5.3 Future Perspectives: Towards Personalized Medicine and
Curative Strategies
The future of cytokine-based therapy is shifting from the development of

broadly applicable drugs to the creation of intelligent, personalized
therapeutic strategies designed to address the specific needs of individual
patients and achieve more ambitious outcomes.

The paramount objective within the field of rheumatology is the transition
from treatment algorithms based on population-level data to individualized
therapeutic approaches [98]. The future lies in the discovery and validation
of biomarkers - which could be genetic, proteomic (e.g., serum cytokine
profiles), or cellular - that can predict a patient's response to a specific
therapy before it is initiated [99]. This would allow clinicians to stratify
patients and select the most effective treatment from the outset,
maximizing efficacy, minimizing toxicity, and avoiding costly and time-
consuming cycles of failed therapies.

Given the complexity and redundancy of the cytokine network, it is likely
that combination therapy will be key to treating the most refractory
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patients. This can be achieved by combining existing drugs with different
mechanisms of action or through the development of novel multi-targeting
agents like bispecific antibodies [86,100]. The goal is to break through the
"therapeutic ceiling" that limits the efficacy of monotherapy and induce
deeper, more durable levels of remission.

The ultimate ambition of the field is to move beyond chronic suppression of
the immune system and toward the re-establishment of immune tolerance,
potentially leading to drug-free remission or a functional cure. This
represents the most challenging frontier, but promising strategies are
emerging. These include therapies designed to selectively boost the
function of regulatory T cells (Tregs), for example with low-dose IL-2, to
restore the body's natural control over inflammation [101]. Even more
revolutionary are the cellular therapies, such as CAR-T, which have shown
the potential to completely eliminate pathogenic B cell populations and
"reset" the autoimmune response [90]. While still in their infancy for
rheumatic diseases, these strategies represent the most ambitious and
potentially transformative future direction in the long and evolving history
of cytokine-targeted therapy.

6. Conclusions

The journey of cytokine research in rheumatology is a remarkable story of
scientific progress, illustrating a clear evolutionary path from observing
broad inflammation to designing precision-targeted therapeutics. This
journey has fundamentally altered the natural history of rheumatic diseases
for millions of people. However, the completion of this journey is not yet in
sight. The very successes of the past have illuminated the remaining
complexities of the immune system, revealing significant knowledge gaps
and unresolved questions. The future of the field lies in addressing these
challenges, moving beyond simple immunosuppression toward the
ambitious goals of personalized medicine, durable remission, and
ultimately, a cure.
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HUcTopusa HA IUTOKUHUTE NPU peBMAaTUYHUTE 3a00/IsIBAaHUS:
EBOJIIOIIMOHHA NepCNeKTUBA BbPXy MeJUaTOpUTe,
MHXUOUTOPUTE U TEPANIeBTUYHHUTE CPeCTBA

Pe3ome

[lMTOKMHUTE ca MaJIK¥, CeKpeTHUpPaHU NPOTEHWHH, KOUTO CJIAYXKAT KaTo
OCHOBHU MeJlMaTOPU Ha MMYHHATa CUCTeMa, KOOPAUHUPAWKHU CJI0KHUTE
B3aUMOJIEICTBUSA MeX/JAy KJEeTKUTe, y4yacTBallM BbB Bb3NaJeHUETO,
MMyHUTETa M TbKaHHATa XOMeocTa3a. TfAXHaTa JucperyJjanus e
LeHTpaJiHa XapaKTepUCTUKa B MNaTOPU3UOJIOTHUATA HA XPOHUYHUTE
Bb3MaJIMTEJHU CbCTOSAHUSA, 0COOEHO MPU aBTOUMYHHUTE peBMAaTUYHU
3a00/1iIBaHUSA KaTO peBMaTOUJHUA apTpuT. Hacrodamuar poknaaf
NpejACTaBs LSJOCTEH, CTPYKTypHpaH aHalW3 Ha MCTOpUATA Ha
LIUTOKUHUTE, IPOC/IeIsIBAUKH TAAXHATA €BOJIIOLMSA OT HesICHO ieGUHUPAHU
OMOJIOTUYHU AaKTHBHOCTU [0 TMpPELU3HO OINpeJesieHn MOJIEKYISAPHHU
MUILEHHU 32 PEBOJIIMOHHU Tepanuu. 3a OCUTypsiBaHe Ha KOHLEeNTyaHa
OCHOBA Ca YCTaHOBeHU QyHJaMeHTa/lHU JeUHUIUU U KJIacuPUKaL WU Ha
LIUTOKUHUTE, C 0COOEH aKLeHT BbPXy TOBAa KAK OCHOBHUTE UM CBOWCTBA -
IJIEMOTPOIHOCT, PeAYHAAHTHOCT M MpeXOBa CJIO0XHOCT - Ca OKa3aJsu
ABJOOKO BJHWSIHME BbPXy TIXHOTO HU3C/AeBaHe U TepaleBTUYHA
MaHunyJjauus. H3no0xeHHWeTO BIOCJAEACTBUE JeTalju3vpa KJHYO0BHU
OTKPUTHSA Ha NAaTOMeHHU LUTOKWMHU B PEBMATOJIOTUATA - BKJIKYUTETHO
¢amunuute Ha TNF-a, IL-1 u IL-6 - KaTo CblieBpeMeHHO OINUKCBa
npoMsHaTa B MapajurMara, npeJU3BUKaHa OT UJEeHTUPUIMPAHETO Ha
octa IL-23/Th17. [lapasiesHO C Te3W OTKPUTHUS € IPOC/ieileHa eBOJII0LUATA
Ha TepaneBTUYHUTE areHTH - OT MI'bPBOTO IOKOJIEeHHMEe OHOJIOTUYHU
6osiecT-MoAubULIMpPALd aHTUPeBMaTU4YHHU JiekapcTBa (bDMARDs), kaTo
TNF uHxubUTOpPUTE, [0 ,OpajHaTa peBOJOLMA“ Ha TapreTHUTe
cuHTetTudHu DMARDs, karto Janus kKuHa3HuTe wuHxubutopu (JAK-
MHXHWOUTOPHU), U O-HATAT'BK KbM CTpPAaTErHUTe OT CJe/Balllo OKOJIEHHE,
BKJIIOYBAILK OHcrelMPUYHU aHTUTEJAa U HUHKEHEPHO MOoAUPUIHMpaHU
LUTOKUHU. B 3aki0uuTeNHUTE pa3/iesii CbBPEMEHHOTO CbCTOSIHME Ha
06J1aCTTa € CHHTE3WPaHO Ype3 KPUTHUYEH aHa/IM3 Ha HepelleHUTe BbIIPOCH
YW TNpPONYCKUTE B MO3HAHUATA, KAaTO MeXaHHW3MHUTe Ha TepamneBTUYHA
pe3UCTeHTHOCT (JiMIca Ha OTroBOp), NpPeAU3BUKATEJCTBOTO Ha
UTOKMHHATA pPEeAYHJAHTHOCT U ONTHUMAJHOTO VyIpaBJeHHEe Ha
CUCTEMHUTE NpUJpyKaBallly 3abosisiBaHUA. OuepTaHU ca MNepClneKTUBHU
ObJlellM HACOKM, aKLeHTHUpalld BbpXy HapacTBalius QOKyC BbpPXY
cTpaTuUKaLUATA HA NALlMEHTUTE uype3 OUOMapKepw, KOMOMHUPAHUTE
CTpaTeruy ¢ MHOXXECTBO MHULIEHU U KPalHHUS CTpPeMeX K'bM IOCTUraHe Ha
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VMYHEH TOJIepaHC M KypaTHUBHHM TepaluU. B cBoATa CBBKYIHOCT Te3H
pa3paboOTKM IpeAiCTaBAABaT fACHA €BOJIIOLMOHHA TpPAaeKTOpUA KbM
peasu3rMpaHeTo Ha NpelM3HaTa MeJJMIMHA B peBMaTOJIOTUATA.

KiwyoBu aAyMH: UUTOKMHM, peBMaTH4YHU 3abossaBaHus, DMARDs
(BITAPC), MOHOKJ/IOHA/IHM aHTUTeIa
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Abstract

Osteoarthritis (0OA) is the most prevalent musculoskeletal disorder
worldwide and a leading cause of chronic pain, disability, and reduced
quality of life. Traditionally conceptualized as a degenerative condition
driven by mechanical wear and age-related structural deterioration of
articular cartilage, this paradigm does not adequately explain the
heterogeneity of clinical presentation, the weak correlation between
structural damage and pain, or the limited efficacy of many current
therapeutic strategies. Growing evidence supports a conceptual shift in
which OA is understood as a biologically active disorder of impaired
adaptation. Within this framework, OA reflects the reduced capacity of joint
tissues to maintain homeostasis in response to cumulative mechanical,
metabolic, and inflammatory stressors. Rather than representing an
inevitable consequence of aging or mechanical overload alone, OA can be
interpreted as a failure of coordinated adaptive responses across the whole
joint organ. This narrative review aims to synthesize current evidence from
inflammation biology, mechanotransduction, and epigenetic regulation to
develop an integrative model of OA as diminished adaptive capacity.
Physical activity is examined as a biologically active intervention capable of
modulating inflammatory tone, restoring mechanosensitivity, and
supporting functional resilience. This review is based on a structured, non-
systematic literature search conducted in PubMed and Scopus, focusing on
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publications addressing OA, inflammation, mechanobiology, epigenetic
regulation, and physical activity. Emphasis was placed on high-quality
reviews, mechanistic experimental studies, and clinically relevant
translational research published predominantly within the past 15 years,
alongside seminal foundational work.

Keywords: osteoarthritis, physical activity, adaptive capacity of the joint,
epigenetic regulation, mechanotransduction

1. Introduction

Osteoarthritis (0OA) is the most prevalent musculoskeletal disorder
worldwide and a leading cause of chronic pain and disability [1]. Emerging
evidence challenges the traditional view of OA as a purely degenerative
process and instead frames it as a disorder of impaired biological
adaptation of joint tissues to cumulative mechanical, metabolic, and
inflammatory stressors [2].

This narrative review integrates insights from inflammation biology,
mechano-transduction, and epigenetic regulation to propose an adaptive
model of OA. Within this perspective, physical activity is considered a
biologically active stimulus capable of modulating inflammatory tone,
restoring mechano-sensitivity, and promoting joint resilience.

2. Osteoarthritis as a Whole-Joint Disease

OA affects the joint as an integrated biological unit rather than a single
tissue. Cartilage, subchondral bone, synovium, periarticular muscles, and
neural structures interact dynamically to preserve joint stability and
function. Disruption of this coordinated system leads to progressive
functional decline and clinical disease (Figure 1).

Articular cartilage, once considered metabolically inert, is now recognized
as a highly responsive tissue capable of sensing and adapting to mechanical
stimuli. Chondrocytes regulate extracellular matrix turnover through
mechano-transduction pathways that maintain tissue integrity under
physiological loading. In OA, this regulatory balance becomes disrupted,
resulting in a shift toward catabolic activity and matrix degradation [1,2].

Subchondral bone actively contributes to disease progression through
altered remodeling, vascular changes, and biomechanical modifications.
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Bone marrow lesions, frequently observed in OA, are associated with pain
and structural progression, underscoring the functional interdependence
between bone and cartilage [3].

novium - low-grade
Cartilage - altered Symovt e

mechanotransduction synovitis
ubchondral bone - remodeling, /
bone marrow lesion \_‘
,\ \ Muscle - sarcopenia,
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| |
neuromuscular control
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=
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Figure 1. OA as a whole-joint disease. OA affects the joint as an integrated organ
involving cartilage, subchondral bone, synovium, periarticular muscles, and
neural structures. Interactions among these compartments contribute to pain,
functional impairment, and structural progression, supporting the concept of OA
as a disorder of the entire joint system rather than isolated cartilage degeneration.
The figure is original and created by the authors.

Low-grade synovial inflammation further amplifies joint dysfunction.
Unlike the intense inflammatory response seen in inflammatory arthritides,
OA-associated synovitis is characterized by persistent but subtle immune
activation. Synovial macrophages and fibroblast-like synoviocytes produce
cytokines and mediators that influence adjacent tissues and contribute to
nociceptive sensitization.

Periarticular muscles are central to load distribution and joint stabilization.
Muscle weakness, altered motor control, and impaired proprioception are
common in OA and may precede overt structural damage. These
neuromuscular alterations increase mechanical stress and reduce adaptive

How to cite: Momcheva, I, Gonchev, V., & Valkov, M. (2025). Osteoarthritis as a Failure of Adaptation:
Biological Complexity and the Therapeutic Role of Physical Activity. Rheumatology (Bulgaria), 33(4).
https://doi.org/10.35465/s1zjet88

77


https://doi.org/10.35465/s1zjet88

Rheumatology (Bulgaria) 2025, Vol. 33, Issue 4 https://doi.org/10.35465/s1zjet88

movement capacity, thereby contributing both to disease initiation and
progression.

Together, these interdependent processes support the concept of OA as a
disorder of the entire joint organ rather than a localized cartilage disease

[4].

This whole-joint perspective raises a fundamental question: what
mechanisms drive the progressive decline in adaptive capacity? Increasing
evidence suggests that age-related inflammatory processes—collectively
termed inflammaging—provide a permissive biological background linking
systemic aging to local joint dysfunction.

3. Inflammaging as a Biological Background of
Osteoarthritis

Aging is accompanied by a chronic, low-grade inflammatory state
termed inflammaging (Figure 2). Unlike acute inflammation, inflammaging
is characterized by persistent immune activation driven by cellular
senescence, metabolic dysregulation, mitochondrial dysfunction, and
impaired immune clearance mechanisms [5].

Substantial evidence supports the role of inflammaging as a contributing
factor in OA pathophysiology. Senescent cells accumulate in cartilage,
synovium, and subchondral bone and adopt a senescence-associated
secretory phenotype (SASP), releasing pro-inflammatory cytokines,
chemokines, growth factors, and matrix-degrading enzymes [6,7]. This
altered microenvironment promotes matrix breakdown, disrupts
intercellular communication, and reduces regenerative capacity.

Systemic low-grade inflammation further modulates local tissue responses.
Circulating mediators such as IL-6, TNF, and IL-1f influence synovial
activation, bone remodeling, and nociceptive signaling, thereby
contributing to pain and functional decline. The association between OA
and other age-related conditions—including sarcopenia, metabolic
syndrome, and cardiovascular disease—supports the concept of shared
inflammatory pathways [8].

While inflammaging establishes a permissive biological background, it does
not fully determine disease expression. Emerging evidence suggests that
the interaction between inflammatory tone and mechanical loading
critically shapes tissue responses. In this context, chronic inflammation may
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alter cellular mechanosensitivity, amplify catabolic signaling, and lower the
threshold for maladaptive responses to biomechanical stress.

Importantly, inflammatory mediators also influence peripheral and central
pain processing. Neuroimmune interactions contribute to symptom
variability and help explain the frequently observed discordance between
structural damage and pain severity.

Recognizing inflammaging as a foundational but modulatory mechanism in
OA underscores the limitations of purely structural approaches and
highlights the need for strategies targeting systemic biological
vulnerability.

Aging organism
- T Senescent cells
£ 1 SASP
1 IL-6, TNF, IL-1B

Systemic low-grade inflammation

@ Structural change

@ Inflammatory activity

Figure 2. Inflammaging as a biological background of OA. Age-related
accumulation of senescent cells promotes a chronic low-grade inflammatory state
(inflammaging) characterized by increased secretion of pro-inflammatory
mediators, including IL-6, TNF, and IL-1B. This systemic inflammatory
environment influences the joint microenvironment and contributes to synovial
activation, cartilage degradation, and pain in OA. Abbreviations: SASP -
senescence-associated secretory phenotype; IL - interleukin; TNF - tumor
necrosis factor. The figure is original and created by the authors.
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4. Mechanotransduction and Epigenetic Regulation

Mechanical loading is a fundamental biological stimulus governing joint
health. Extensive experimental and translational research has established
that chondrocytes and other joint-resident cells translate mechanical forces
into biochemical signals through mechanotransduction pathways that
regulate gene expression, extracellular matrix turnover, and cellular
behavior [9].

Physiological loading promotes tissue resilience and functional integrity. In
contrast, both insufficient and excessive mechanical stimuli disrupt
homeostasis and initiate maladaptive responses, including catabolic
signaling and matrix degradation. The concept of “mechanoflammation”
further supports the close interaction between biomechanical stress and
inflammatory pathways in OA (Figure 3) [10].

Epigenetic Regulation

® DNA methylation

A <3
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e miR-140 | @ o NSC Y
emiR-146a1 *~ AN © @
‘,\7- ¥ o b
® Histone modifications &8
Tissue
homeostasis
Optimal

loading >

Underloading Optimal loading Overloading

Loss of stimulus Adaptive Inflammation
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Figure 3. Interaction between mechanical loading and epigenetic regulation in OA.
Mechanical loading functions as a biological signal influencing gene expression
through epigenetic mechanisms, including DNA methylation, histone modification,
and microRNA regulation. Physiological loading maintains tissue homeostasis,
whereas both insufficient and excessive loading induce maladaptive responses,
inflammation, and matrix degradation contributing to OA progression.
Abbreviations: miR - microRNA. The figure is original and created by the authors.

Emerging evidence suggests that mechanical stimuli may influence cellular
behavior not only through immediate signaling cascades but also via
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epigenetic mechanisms, including DNA methylation, histone modifications,
and microRNA regulation [11,12]. Experimental models indicate that
mechanical stress can alter epigenetic marks associated with inflammation,
extracellular matrix remodeling, and senescence-related pathways.
However, the extent to which these mechanisms drive long-term disease
progression in human OA remains an area of ongoing investigation.

Chronic low-grade inflammation may further modify cellular
mechanosensitivity, lowering the threshold for maladaptive responses to
biomechanical stress. This bidirectional interaction between inflammation
and mechanotransduction provides a unifying framework for
understanding how structural, molecular, and functional changes reinforce
one another over time. [13]

Importantly, epigenetic plasticity also represents a potential substrate for
therapeutic modulation. Although clinical evidence remains limited,
preclinical data suggest that adaptive pathways may be partially restored
under favorable mechanical and metabolic conditions.[14]

Recognizing the interplay between mechanical forces, inflammatory tone,
and epigenetic regulation reframes OA as a condition influenced by dynamic
biological signaling rather than irreversible structural decline.

5. Physical Activity as a Disease-Modifying Intervention

Physical activity represents a biologically active intervention capable of
influencing several mechanisms implicated in OA. Beyond its mechanical
effects, structured movement modulates inflammatory signaling, metabolic
regulation, neuromuscular coordination, and—potentially—epigenetic
expression [15].

Robust clinical evidence supports the role of exercise in reducing pain and
improving function in OA [16]. In addition to symptomatic benefits, regular
physical activity is associated with reductions in systemic inflammatory
markers, improved mitochondrial function, and enhanced metabolic
resilience. Skeletal muscle acts as an endocrine organ, releasing myokines
with immunomodulatory properties that may counterbalance aspects of
chronic low-grade inflammation.

At the biomechanical level, physical activity improves motor control, joint
stability, and load distribution. Neuromuscular dysfunction—characterized
by impaired proprioception and altered activation patterns—contributes to
abnormal joint loading. Exercise-based interventions can partially restore
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coordinated movement patterns, thereby reducing excessive mechanical
stress on vulnerable tissues (Figure 4) [17, 18].

Emerging evidence suggests that physical activity may also influence gene
expression through epigenetic mechanisms, including DNA methylation
and microRNA regulation. While most data derive from experimental and
non-0A-specific studies, these findings support the concept of biological
plasticity in response to mechanical and metabolic stimuli [19]. The extent
to which such epigenetic modulation contributes to long-term structural
modification in OA remains to be fully elucidated.

naaptive capacity resg,

Structured
physical activity

4 Inflammaging T Muscle
strength
4 Pain 1 DAA 1 Neuromuscular
control

Figure 4. Physical activity as a disease-modifying biological intervention in OA.
Structured physical activity exerts multimodal biological effects, including
reduction of low-grade inflammation, improvement of muscle strength and
neuromuscular control, and modulation of epigenetic pathways. These
mechanisms enhance adaptive capacity and counteract core pathophysiological
processes in OA beyond symptomatic relief. The figure is original and created by
the authors.

Importantly, the therapeutic effect of physical activity depends on
appropriate dosing, progression, and individualization [20]. Excessive
loading may aggravate symptoms, whereas insufficient stimulus may fail to
induce adaptive responses. Personalized prescription—guided by
phenotype, functional capacity, pain sensitivity, and comorbidities—
optimizes the likelihood of restoring adaptive capacity.
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Within this integrative framework, physical activity should be viewed not
merely as adjunctive therapy but as a modifiable biological signal capable
of enhancing joint resilience when appropriately applied.

6. Clinical Implications and Future Directions

Reconceptualizing OA as a disorder of impaired adaptation has profound
implications for clinical practice. Rather than focusing exclusively on
symptom control or structural preservation, management strategies should
aim to enhance adaptive capacity across biological systems.

This approach supports personalized, mechanism-based interventions that
integrate physical activity, behavioral modification, and, when necessary,
pharmacological support. It also emphasizes the importance of
interdisciplinary collaboration and longitudinal care.

We propose a conceptual model (Figure 5) integrating biological,
functional, and adaptive dimensions of OA:

Osteoarthritis — the limit of adaptation

Osteoarthritis is not the end of the joint

it is the limit of its adaptive capacity.
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i > » P Aoverment quality
'aél Metabolic s w :
cartilage bone synovium
stress =
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Figure 5. Adaptive capacity model of OA. OA is conceptualized as a failure of joint
adaptation resulting from chronic exposure to biological and mechanical
stressors, including aging, metabolic dysfunction, mechanical overload, and
inflammation. Adaptive mechanisms such as physical activity, neuromuscular
control, and movement quality improve resilience, reduce pain, and support joint
function. The figure is original and created by the authors.

Future research should focus on identifying biomarkers of adaptive
capacity, refining phenotypic classification, and developing interventions
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that target both biological and functional dimensions of OA. Personalized
management of OA requires identification of dominant phenotypic drivers
- mechanical overload, inflammatory activity, metabolic dysfunction, or
neuromuscular impairment. Rather than treating these components in
isolation, an integrated approach acknowledges their interdependence and
cumulative effect on joint adaptation.

7. Conclusions

0OA should not be understood solely as the consequence of mechanical wear,
but as a condition characterized by diminished adaptive capacity within the
joint system. Viewing OA through this lens integrates biological aging,
mechanical stress, and functional decline into a coherent conceptual
framework.

By shifting emphasis from irreversible degeneration toward modifiable
adaptive processes, clinicians and researchers may identify more effective
strategies for prevention, personalized intervention, and long-term
functional preservation. While structural changes remain central to disease
characterization, restoration and support of adaptive resilience may
represent a meaningful direction for future OA management.
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OcTeoapTpo3aTa KaTO MPOBAJ HA A/ANTALUATA: OMOJOTUYHA
CJIOKHOCT M TepPaneBTHYHA POJisi HA (PU3MIECKATA AKTUBHOCT

Pe3oMme

OcteoapTposaTa (OA) e Hall-pa3npoOCTPaHEHOTO 3a60JIBaHE HA OMIOPHO-
JIBUTaTeJIHUSl amapaT M BoJella MpPUYMHA 3a XpPOHHUYHA OOJIKa,
WHBAJIMIU3ALUsI U BJIOIIEHO KAyeCTBO HA KUBOT. TPaJUIMOHHO T Ce
pasrJiex/a KaTo JereHepaTUBHO ChCTOSIHUE, 00YCJI0BEHO OT MEXaHUYHO
W3HOCBaHE U Bb3PACTOBO OOYCJOBEHH CTPYKTYPHH MPOMEHU B CTABHUSA
xpyusi. To3u Mojesn o6adye He ycnsiBa Ja OOSICHU KJIUHUYHOTO
pasHoobpa3ue Ha 3abosisiBaHeTo, cjabaTta  KopeJalus — MeXAy
CTPYKTYpPHUTE NMPOMEHH U OOJIKOBUS CHHJPOM, KaKTO U OTpaHUYeHaTa
epeKTUBHOCT Ha MHOrO OT CbBPEMEHHUTE TepaneBTUYHU MOAXOAHU.
HaTpynBamuTe ce JaHHU HaJlaraT IPeOCMUCJIsTHEe HAa 0CTe0apTPOo3aTa KaTo
OUOJIOTUYHO aKTUBHO W IUHAMHUYHO CbCTOSIHUE, XapaKTepHU3Upalo ce C
HapyluleHa CIIOCOOHOCT 3a ajanTalusl KbM MeXaHWYHH, METAa00JUTHU U
B'b3MaJIMTEJHU CTUMYJIU. B To3u KoHTeKCT OA MOXe J1a ce pa3ryexja He
KaTo Heu30eXXHa MocaeJulla OT CTapeeHeTo, a KaTo pe3yJaTaT oT
v34yeprBaHe Ha aIalITUBHUSA KallallUTET Ha cTaBarta. To3u nperJsies uMa 3a
nesJ Ja CUHTe3Wpa HACTOSUIM  J0Ka3aTeJCTBa, MOJKpensuu
OCTeoapTpo3aTa KaTo pa3CTPOWCTBO Ha HapylleHaTa aJanTalus,
WHTErPUPANKH JaHHU OT Bb3NaJIEHUETO, MeXaHOOHOJIOTHATA U
enureHeTvukata. Ypes mpeocMHC/IsiHE Ha O0OCTeoapTpo3aTa KaTo
JUHAMHUYeH U MOAUQUIIMpPyeM Mpollec, HUe MpeJijilaraMe KOHIleNTyalHa
OCHOBA 3a Mo-NepCcoHaJU3upPaHH, 6a3UpaHU HAa MEXaHU3MU TepaleBTUYHU
cTpaTerud, Karo d¢u3nyeckaTa aKTUBHOCT € TMO3MWIMOHHUpPAHA KaTo
[eHTpaJIeH 6UO0JIOTHY€eH MO/IyJIaTOP, @ HE KaTO JOM'bJHUTEJHO JIeYeHHe.

KiwuyoBu AymMu: ocTeoapTpo3a, ¢u3MyYecka aKTUBHOCT, aJlallTUBEH
KalnauUTeT Ha CTaBaTa, eNUreHeTHYHA peryJanus, MeXxaHoTpaHCAYKI s
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Abstract

In the past, rheumatoid arthritis and axial spondyloarthritis were
considered mutually exclusive diseases because of their distinct genetic and
clinical profiles. We present the case of a 74-year-old man with seropositive
rheumatoid arthritis and long-standing axial spondyloarthritis, illustrating
the diagnostic and therapeutic challenges associated with this rare overlap.
The patient presented with symmetrical erosive-destructive polyarthritis
involving joints of the upper extremities, strongly positive immunological
markers, a history of chronic inflammatory low back pain beginning at
approximately 35 years of age, positive HLA-B27, radiographic sacroiliitis
and spondylitis with syndesmophyte formation and complete bony bridges
between vertebral bodies. Given the predominant clinical manifestations,
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distinct inflammatory joint diseases and discusses the importance of
individualized therapeutic strategies.

Keywords: seropositive rheumatoid arthritis, axial spondyloarthritis, HLA-
B27, methotrexate, tocilizumab, synovitis, spondylitis

1. Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory joint disease
characterized by erosive-destructive polyarthritis involving joints of the
upper extremities and positive immunological markers. The pathogenesis
of RA includes autoimmune activation of B- and T-lymphocytes, formation
of autoantibodies (rheumatoid factors, RF and anti-cyclic citrullinated
peptide antibodies, anti-CCP), and chronic synovial inflammation leading to
erosive joint changes and functional impairment [1].

Modern treatment of RA is based on the recommendations of the European
Alliance of Associations for Rheumatology (EULAR) and includes
conventional synthetic (csDMARDs), biologic (bDMARDs) and targeted
synthetic disease-modifying antirheumatic drugs (tsDMARDs), as well as
nonsteroidal anti-inflammatory drugs (NSAIDs) and glucocorticoids. The
primary therapeutic goal is to achieve and maintain remission or low
disease activity, assessed by validated indices such as the disease activity
score (DAS28) [1]. Treatment choice depends on disease activity, structural
damage progression, comorbidities, and safety profile.

Axial spondyloarthritis (axial SpA) is an immune-mediated chronic
inflammatory disease characterized by chronic inflammatory low back pain
with onset before 45 years of age and imaging evidence of sacroiliitis, often
accompanied by extra-musculoskeletal manifestations. The primary sites of
inflammation are the enthesis, sacroiliac joints, and facet joints. Clinical
features include axial skeleton involvement, peripheral arthritis, enthesitis,
and dactylitis [3]. The disease is characterized by new bone formation with
syndesmophyte development, complete bony bridges between vertebral
bodies, and progressive spinal ankylosis.

The pathogenesis of axial SpA involves genetic predisposition (particularly
HLA-B27), immune mechanisms, and a local enthesis-driven inflammatory
response, distinct from the synovial inflammation observed in RA [3].

Current treatment of axial SpA is based on ASAS-EULAR (2022)
recommendations [4]. NSAIDs are first-line therapy for pain and stiffness.
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In patients with persistently high disease activity despite optimal
conventional treatment, bDMARDs are recommended, most commonly
tumor necrosis factor-alpha (TNFa) inhibitors, interleukin-17 (IL-17)
inhibitors, or tsDMARDs such as Janus kinase inhibitors (JAKi). To date,
other biological classes, including interleukin-6 (IL-6) inhibitors, have not
demonstrated clinical efficacy in axial SpA.

The therapeutic goal in both RA and axial SpA is control of inflammation,
prevention of structural damage, and improvement of quality of life.

Although traditionally regarded as distinct nosological entities, rare cases
of overlap syndrome between RA and axial SpA have been reported. Herein,
we present the case of a 74-year-old man with seropositive RA and long-
standing axial SpA. The coexistence of these two diseases in a single patient
is rare and presents unique diagnostic and therapeutic challenges [5].

2. Case Presentation

A 74-year-old man was admitted to the Rheumatology Clinic of University
Hospital “St. Ivan Rilski” with a three-month history of pain, swelling, and
morning stiffness in the small joints of the hands, wrists, and shoulders. The
pain was inflammatory in nature, most pronounced in the morning, with
night pain awakening the patient. Morning stiffness lasted approximately
45 minutes.

Additionally, the patient reported the presence of chronic inflammatory
back pain for approximately 40 years, with limited cervical and lumbar
spine mobility. He reported no history of psoriasis, inflammatory bowel
disease, acute anterior uveitis, enthesitis or dactylitis.

He had not received systemic anti-rheumatic treatment previously. He had
been taking NSAIDs on demand for back and peripheral joint pain, with
partial and temporary clinical efficacy. He had not been treated with
targeted therapies.

In March 2021, he was diagnosed with well-differentiated prostate
adenocarcinoma (Gleason score 3+3=6) and was treated with radiotherapy
and hormonal therapy, currently being in remission. There was no history
of allergies or family history of rheumatic disease. He had long-term
occupational exposure to physical strain as a truck driver, likely
contributing to misinterpretation of spinal symptoms as mechanical.

On physical examination, the patient was in good general condition with a
hypersthenic body habitus, the skin was normally coloured without any
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rashes. No abnormalities were detected on examination of the internal
organs. Musculoskeletal examination revealed tenderness in
metacarpophalangeal and wrist joints, synovitis of the left wrist, pain and
limited shoulder motion, and restricted spinal mobility in all segments
(Bath Ankylosing Spondylitis Metrology Index (BASMI) score 2).

Laboratory tests showed elevated CRP (55.7 mg/L) and ESR (76 mg/L).
Immunology revealed strongly elevated rheumatoid factor IgM (>500
U/mL) and anti-CCP antibodies (1000 U/mL). The patient was HLA-B27
positive.

Radiographs demonstrated erosive-destructive changes in the hand joints,
as well as spondylitis (syndesmophytes and complete bony bridges
between vertebral bodies) and bilateral sacroiliitis stage IV. (Figures 1-3).

Figure 1. Radiography of wrists with palms and fingers at the time of diagnosis.
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Figure 2. Lateral radiography of thoracolumbar segment of the spine and the
sacroiliac joints at the time of diagnosis.

Figure 3. Computed tomography of the sacroiliac joints at the time of diagnosis.

Ultrasound confirmed bilateral synovitis in wrist and small joints of the
hands - gray-scale grade II on the right and III on the left, with positive
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Power Doppler (PD) signal grade I on the right and II on the left, as well as
synovitis of PIP II on the right, without PD signal.

Ultrasound of shoulder joints demonstrated bilateral proliferative
tenosynovitis of the long head of the biceps tendon, erosions along the
humeral head contour, bilateral glenohumeral joint effusion with marked
synovial hypertrophy and bilateral subacromial-subdeltoid bursitis.

The patient had very high peripheral arthritis activity with DAS using CRP
(DAS28-CRP) of 6.6, an Ankylosing Spondylitis Disease Activity Score using
CRP (ASDAS-CRP) of 3.9 and Bath Ankylosing Spondylitis Disease Activity
Index (BASDAI) of 5.8.

A diagnosis of seropositive RA with high disease activity combined with
long-standing, previously untreated radiographic axial SpA was made.
Treatment was initiated with methotrexate 15 mg/week orally with folic
acid supplementation and NSAIDs for axial SpA.

After 3 months, remission or low disease activity was not achieved. Despite
significant improvement in back pain and stiffness, synovitis persisted in
wrists and shoulders. Addition of a bDMARDs was recommended. Due to
concomitant prostate carcinoma, consultation with the treating urology
team advised avoiding TNFa inhibitors. Considering prevailing
recommendations and limited safety data at that time, anti-TNFa therapy
was not initiated.

Given the predominance of active seropositive RA, treatment with the IL-6
inhibitor tocilizumab 162 mg/week was started. JAKi were considered
unsuitable due to the patient’s age, the lack of specific safety data regarding
JAKi use in patients with a history of carcinoma and concomitant risk
factors (cardiovascular risk).

After 6 months of treatment with methotrexate 15 mg/week and
tocilizumab 162 mg/week, low disease activity was achieved - chronic
synovitis in shoulder joints persisted, but with improved range of motion.
The patient reported significant reduction in pain and stiffness, there was
no night pain and no functional deficit. Control indices of activity were
calculated - DAS28-CRP 2.4, ASDAS-CRP 2.1, BASDAI 3.2. Acute-phase
reactants normalized.

At 12 months, clinical remission was achieved - there was no synovitis of
peripheral joints, morning stiffness was significantly reduced, there was no
night pain and acute-phase markers remained within normal range. Control
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indices of activity were calculated - DAS28-CRP 1.6, ASDAS-CRP 1.2,
BASDAI 1.3.

At 24 months, on continued tocilizumab (162 mg/week) and reduced
methotrexate (5 mg/week), the patient remained in persistent clinical
remission with no radiographic progression (Fig. 4).
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Figure 4. Radiography of wrists with palms and fingers at the 24th month of
follow-up.

3. Discussion

The coexistence of seropositive RA and axial SpA is exceptionally rare. Until
the mid-1990s, approximately 40-50 confirmed cases were reported, with
an estimated prevalence of approximately 1:100 000 [5], although
subsequent reports suggest wide variability, ranging from 1:50 000 to 1:2
000 000 [6]. This reflects the lack of population studies and the fact that the
available data originate predominantly from individual clinical cases and
small studies.

RA and axial SpA have distinct pathogenetic mechanisms, resulting in
different clinical manifestations and requiring a disease-specific
therapeutic approach. In RA, inflammation is primarily synovial, leading to
synovitis, erosions and joint deformities. In contrast, axial SpA is
characterized predominantly by enthesitis and perifibrocartilaginous
osteitis. This distinction is particularly relevant in overlap cases such as the
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present one, in which both synovial inflammation typical of RA and
enthesopathic inflammation characteristic of axial SpA were observed.

An additional important aspect of this case is the concomitant prostate
carcinoma. In routine clinical practice this represents a frequent
therapeutic challenge. In this case, close collaboration with a urologist is
essential to minimize potential treatment-related risks. Therapeutic
decisions must therefore be carefully individualized, balancing rheumatic
disease activity with oncological considerations and current
recommendations. More recent EULAR recommendations and expert
opinions regarding the initiation of biological therapy in patients with
inflammatory joint diseases and a history of malignancy suggest that TNFa
inhibitors may be an appropriate therapeutic option in selected patients [2].
In the present case, however, modification of the therapeutic strategy was
not required due to the achievement of low disease activity and a stable
clinical condition.

This case also illustrates the diagnostic challenges in such overlap. The
presence of erosive-destructive polyarthritis involving the small joints of
the hands, together with strongly positive anti-CCP antibodies and RF
fulfilled the classification criteria for seropositive RA with high disease
activity (DAS28 6.6). Additionally, a history of chronic inflammatory low
back pain with onset before the age of 45 years, reduced spinal mobility,
HLA-B27 positivity, and radiographic evidence of bilateral grade IV
sacroiliitis, syndesmophytes, and complete vertebral bony bridging fulfilled
the ASAS criteria for radiographic axial SpA [4].

On the other hand, the limited cervical spine mobility raised an important
differential-diagnostic consideration. In patients with seropositive RA,
atlantoaxial joint involvement must always be considered, as it is a well-
recognized complication, particularly in long-standing or highly active
disease [7]. Careful clinical and imaging evaluation is therefore required to
differentiate ankylosis related to axial SpA from potential RA-associated
cervical instability.

The therapeutic approach in patients with overlapping RA and axial SpA
requires an individualized strategy, based on predominant clinical
manifestations, disease stage and comorbidities [12]. In the present case
priority was given to controlling the high RA activity. Methotrexate was
initiated as a conventional synthetic DMARD in accordance with
international RA treatment recommendations [13]. Anti-TNFa therapy was
not implemented due to the concomitant oncological disease and the
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consultation by the attending urology team, taking into account the limited
safety data available at that time regarding TNFa inhibitors in patients with
prostate carcinoma. At the time of therapeutic decision-making (2022-
2023) no recommendations endorsed the use of TNFa inhibitors as an
appropriate treatment option in patients with inflammatory arthritis and a
history of malignancy. The existing EULAR and ASAS-EULAR
recommendations emphasized individual risk assessment and a
multidisciplinary approach. In clinical practice caution generally
predominated regarding the use of TNFa inhibitors in patients with a recent
history of malignancy [2]. More recent 2024 EULAR “points to consider”
support the use of TNFa inhibitors as a potential therapeutic option in
selected patients with a history of solid tumors [11].

The potential use of JAKi was also considered, as this therapeutic class is
recommended for both RA and axial SpA. However, in this case the patient
was 74 years old, had concomitant oncological disease and increased
cardiovascular risk. Available data indicating a higher incidence of
cardiovascular events and venous thromboembolism in patients over 65
years of age treated with JAKi led to avoidance of this therapeutic class [8].

Tocilizumab was chosen due to marked systemic inflammation and
persistent high RA activity despite methotrexate therapy. Although IL-6
inhibitors have not shown efficacy in axial SpA [9], axial disease in this
patient was longstanding with established structural damage, shifting the
primary therapeutic focus to peripheral arthritis. Combination therapy with
methotrexate and tocilizumab resulted in low disease activity at 6 months
and clinical remission at 12 months.

Similar cases of overlap between seropositive RA and axial SpA have been
reported in the literature, however, available data remain limited to
individual case reports or small series. The publications highlight the
complexity and the absence of established therapeutic algorithms, as these
two conditions have traditionally been regarded as mutually exclusive
entities, often leading to delayed diagnosis [5,6,14]. Combined biological
therapy (e.g., anti-IL-17 plus anti-IL-6) could theoretically provide more
control of both diseases, however, no randomized trials have demonstrated
its safety or efficacy, and the risk of infection remains a major limitation
[10].
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4. Conclusions

The coexistence of RA and axial SpA is rare but clinically meaningful. The
presence of classic seropositive RA does not exclude axial SpA in patients
with a history of longstanding inflammatory back pain.

Treatment should be individualized, based on the predominant clinical
manifestations, with the aims of achieving sustained remission, preventing
radiographic progression, and optimizing quality of life. Early recognition
and personalized therapy can significantly improve clinical outcomes and
overall quality of life in patients with rheumatic diseases.
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KJIWHUYEH CJIYYAU HA 74-TOAUIIEH MALMEHT C IPUITIOKPUBAHE
HA PEBMATOU/JEH APTPUT U AKCHUAJIEH CIIOHAUJIOAPTPUT

Pe3oMme

B MHHa/MOTO, peBMaTOUAHUAT apTPUT U aKCUAJIHUAT CIIOHUJIOAPTPUT ca
ce CYMUTaAJM 3a B3aMMHO MU3KJIWOYBALIM ce 3abo0/igBaHUA NOpaju
pa3/MYHATE WM TE€HETUYHU U KJAUHUYHU npoduau. IlpexacraBsame
KJIMHWYEH CIy4Yal Ha 74-roAyileH MbX CbC CEPONIO3UTHBEH pEBMaTOU/eH
aApTPUT U J'bJTOTOJIUIIEH aKCHAJIEH CIIOHAUI0APTPUT, KOUTO UJIIOCTPUpPA
JUArHOCTUYHUTE U TepalneBTUYHUTE NpeAH3BUKATEJICTBA, CBbP3aHU C
TOBa pAAKO MNpunokpuBaHe. [laMeHTHT ce npexAcTaBA € KJIMHUYHA
KapTHUHA Ha CUMETPUYEH €epPO3UBHO-AECTPYKTHBEH IMOJHUAPTPHUT,
aHTraKHpall, CTaBUTE Ha PbleTe, CbC CUJIHO MOJIOXKUTEJTHU UMYHOJOTUYHU
MapKepH, aHaMHe3a 3a XpOHWYHA Bb3MajJUTe/NHA 60JIKa HUCKO B I'bpbHa
(low back pain) Bb3HHKHaJa 0KOJI0 35-ToAUIIIHA BB3PACT, OJ0KHATEEH
HLA-B27 u peHTreHorpadckyd CakpoOUJUHUT U CIIOHAUJIUT C pOpMHUPaAHE HA
CUHJeCMOPUTH U MbJIHU KOCTHU MOCTOBE MeX/y npelieHHUTe Tesa. C
orjes  BojelljaTa CUMIOTOMAaTHMKa, OTYUMTAMKMA  HaJlW4YUETO Ha
npujpy-KaBall] KapIiIMHOM Ha MpocTaTaTa U MpoBeJeHaTa KOHCYJITaLUs C
ypoJIOT, THalMeHTBbT € JIeKyBaH C KOMOWHauusl OT MeTOTpeKcaT U
TOLM/IM3yMab, C TMOCTUraHe Ha HUCKAa 0Oo0JieCTHA aKTUBHOCT.
[IpeacTaBeHUAT Ccaydyad moAdepTaBa MpeAU3BUKATeJICTBAaTa IpPH
JAUAarHOCTULIUPAHETO W JIeYeHWEeTO Ha MalyUeHTU C J[Be pas/IuyHHU
Bb3NAJMUTEJHA CTaBHU 3a00JiIBaHUS U O0OCHXKJA 3HAYEeHUeTO Ha
VH/JWBU/lyaJIU3UPaHHTe TEPANleBTUYHHU CTPATETUH.
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