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Kratak sadr`aj

Uvod:Uvod: Cilj je bo da se ispita prognosti~ka vrednost 
serumskog interleukina-15 (IL-15), faktora tumorske 
nekroze alfa (TNF-a) i proteina 1 sli~nog hitinazi-3 (YKL-
40) u predikciji strukturne i klini~ke progresije osteoartritisa 
kolena (OA).
Metode:Metode: U prospektivnoj kohortnoj studiji u trajanju od 
36 meseci je uklju~eno 320 ispitanika sa simptomatskim 
osteoartritisom kolena (Kellgren-Lawrence [KL] stadi-
jum 2–3). Bazalni serumski biomarkeri su kvantifikovani 
pomo}u visokoosetljivog ELISA testa. Primarni ishod bio 
je radiografska progresija (pove}anje KL stadijuma 1 ili 
su`enje zglobnog prostora [JSN] 0,5 mm). Sekundarni 
ishodi uklju~ivali su klini~ki zna~ajno pogor{anje bola pre-
ma WOMAC skoru (20%) i incidencu totalne artroplas-
tike kolena (TKA).
Rezultati:Rezultati: Povi{eni po~etni nivoi IL-15, TNF-a i YKL-40 su 
bili nezavisni prediktori radiografske progresije nakon mul-
tivarijantne analize (IL-15: OR 2,41; 95% CI 1,52–3,81; 
TNF-a: OR 2,08; 1,31–3,30; YKL-40: OR 2,85; 1,81–
4,49). Kompozitni »High-Risk Inflammatory Phenotype« 
(HRIP), definisan povi{enjem 2 biomarkera, pokazao je 
superiornu prediktivnu vrednost (OR 5,12; 3,02–8,68 za 
radiografsku progresiju; HR 3,45; 1,95–6,10 za TKA). 
Dodavanje HRIP modelu zna~ajno je pobolj{alo njegovu 
diskriminativnu mo} (pove}anje AUC sa 0,68 na 0,79; 
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Summary 

Background:Background: To investigate the prognostic value of 
serum Interleukin-15 (IL-15), Tumour Necrosis Factor-
alpha (TNF-a), and Chitinase-3-like protein 1 (YKL-40) 
for predicting structural and clinical progression in knee 
osteoarthritis (OA). 
Methods:Methods: In a 36-month prospective cohort study, 320 
participants with symptomatic knee OA (Kellgren-
Lawrence [KL] grade 2–3) were assessed. Baseline serum 
biomarkers were quantified via high-sensitivity ELISA. The 
primary outcome was radiographic progression (increase 
in KL grade 1 or joint space narrowing [JSN] 0.5mm). 
Secondary outcomes included clinically important worsen-
ing in WOMAC pain (20%) and incidence of total knee 
arthroplasty (TKA). 
Results:Results: Elevated baseline levels of IL-15, TNF-a, and 
YKL-40 were independent predictors of radiographic 
progression after multivariate adjustment (IL-15: OR 
2.41, 95% CI 1.52–3.81; TNF-a: OR 2.08, 1.31–3.30; 
YKL-40: OR 2.85, 1.81–4.49). A composite High-Risk 
Inflammatory Phenotype (HRIP), defined as elevation in 
2 biomarkers, demonstrated superior predictive capacity 
(OR 5.12, 3.02–8.68 for radiographic progression; HR 
3.45, 1.95–6.10 for TKA). The addition of the HRIP 
to a clinical model significantly improved predictive 
discrimination (AUC increase from 0.68 to 0.79, 
p<0.001). 
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Introduction

Osteoarthritis (OA) is a debilitating whole-joint 
disorder characterised by progressive cartilage deg-
radation, synovial inflammation, and subchondral 
bone remodelling (1). Its clinical course is notori-
ously heterogeneous, with a significant subset of 
patients experiencing rapid structural and symptom-
atic decline (2, 3). This heterogeneity poses a major 
challenge for clinical management and drug devel-
opment, underscoring the urgent need for prognos-
tic biomarkers to identify »rapid progressors« at an 
early stage (4, 5).

The pathophysiology of OA extends beyond 
mere »wear and tear,« with low-grade, persistent 
inflammation – driven by a complex network of cy-
tokines and chemokines – playing a central role in 
disease propagation (6, 7). While synovial fluid re-
flects the local joint environment, serum biomarkers 
offer a minimally invasive window into the systemic 
inflammatory milieu that may drive or reflect OA se-
verity (8, 9). However, the prognostic utility of spe-
cific systemic cytokines remains controversial, and 
multibiomarker panels may offer superior predictive 
power than single analytes (10, 11).

This study focuses on three promising yet un-
der-investigated serum biomarkers: Interleukin-15 
(IL-15), Tumour Necrosis Factor-alpha (TNF-a), and 
Chitinase-3-like protein 1 (YKL-40). IL-15 is a po-
tent pro-inflammatory cytokine that activates T-cells, 
natural killer cells, and macrophages, promoting a 
Th1-mediated immune response implicated in sy-
novitis (12, 13). Cross-sectional data suggest its as-
sociation with OA pain and severity, but prospective 
data are lacking (14). TNF-a, a master regulator of 
inflammation, is a validated therapeutic target in in-
flammatory arthritis. Its role in OA is more nuanced; 
while it drives cartilage catabolism in vitro, its prog-
nostic value in serum is inconsistent, perhaps due to 
differences in paracrine vs systemic signalling (15, 
16). YKL-40, secreted by activated chondrocytes 
and macrophages, is involved in tissue remodelling, 
angiogenesis, and protection against apoptosis. It 
has emerged as a promising marker of OA severity 
and progression, potentially reflecting active tissue 
turnover (17, 18).

We hypothesise that elevated baseline serum 
levels of IL-15, TNF-a, and YKL-40, individual-
ly and in combination, predict accelerated radio-
graphic and clinical progression of knee OA over 36 
months. This study aims to validate their prognostic 
utility and define a novel, clinically actionable high-
risk inflammatory phenotype.

Materials and Methods

Study design and participants

This was a prospective, longitudinal study con-
ducted from January 2023 to January 2026. We 
enrolled 320 participants aged 40–75 years with 
symptomatic primary knee OA, defined by American 
College of Rheumatology criteria and a baseline KL 
grade of 2 or 3 in the target knee (19). Key exclusion 
criteria included inflammatory arthritis (rheumatoid, 
psoriatic), recent intra-articular corticosteroid/hyal-
uronic acid injection (within 3 months), history of 
knee surgery or trauma, severe comorbid illness, or 
use of biologics/immunosuppressants. All partici-
pants provided written informed consent. This study 
was conducted in accordance with the principles of 
the Declaration of Helsinki. The study protocol was 
reviewed and approved by the Ethics Committee. All 
participants provided written informed consent be-
fore enrolment. Data were anonymised before anal-
ysis to ensure participant confidentiality. 

Biomarker measurement

Non-fasting venous blood was collected at 
baseline, processed within 2 hours, and serum ali-
quots were stored at -80 °C. Biomarkers were quan-
tified in a single batch at the end of follow-up by in-
vestigators blinded to clinical data. IL-15 and TNF-a 
were measured using high-sensitivity Quantikine 
ELISA kits (R&D Systems, Minneapolis, MN), with 
lower detection limits of 0.1 pg/mL and 0.11 pg/
mL, respectively. YKL-40 was measured using the 
MicroVue YKL-40 ELISA (Quidel, San Diego, CA). 
All inter- and intra-assay coefficients of variation 
were <10%. Values below the detection limit were 
assigned a value of half the lower limit.

p<0,001).
Zaklju~ak:Zaklju~ak: Serumski IL-15, TNF-a i YKL-40 defini{u 
novi sistemski inflamatorni potpis. HRIP panel predstavlja 
sna`an, nezavisan prognosti~ki alat koji identifikuje paci-
jente sa visokim rizikom za brzu progresiju osteoartritisa, 
sa zna~ajnim potencijalom za stratifikaciju u klini~kim 
studijama i personalizovani pristup le~enju.

Klju~ne re~i: osteoartritis, biomarkeri, prognoza, cito-
kini, IL-15, TNF-a, YKL-40, zapaljenje

Conclusion:Conclusion: Serum IL-15, TNF-a, and YKL-40 define a 
novel systemic inflammatory signature. The HRIP panel 
is a robust, independent prognostic tool that identifies 
patients at high risk for rapid OA deterioration, with 
significant potential for clinical trial stratification and 
personalised management.

Keywords: osteoarthritis, biomarkers, prognosis, cyto-
kines, IL-15, TNF-a, YKL-40, inflammation
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Outcome assessments

•  Radiographic Progression: Standardised 
fixed- flexion posterior-anterior knee radio-
graphs were obtained at baseline and 36 
months (20). Two experienced musculo-
skeletal radiologists, blinded to biomarker 
and clinical data, independently scored KL 
grades (0–4) and measured minimum joint 
space width (JSW) in millimetres using ded-
icated software (21). The primary outcome 
was radiographic progression, defined as 
either an increase in KL grade 1 or a re-
duction in JSW 0.5mm in the target knee 
(22).

•  Clinical Progression: Patients completed 
the WOMAC pain subscale (0–20) at base-
line and 36 months. Clinically important 
progression was defined as a worsening of 
20% from baseline (23).

•  Total Knee Arthroplasty (TKA): Incidence of 
TKA in the target knee during the follow-up 
period was recorded from medical records.

Inter-rater reliability was assessed using weight-
ed Cohen’s kappa (k) for KL grading and intraclass 
correlation coefficients (ICC) for joint space width 
(JSW) measurements. Discrepancies in KL grading 
were resolved by consensus, and the mean of the 
two measurements was used for JSW analyses.

Covariates

Baseline data included age, sex, body mass 
index (BMI), baseline KL grade (2 vs 3), and base-
line WOMAC pain score. Medication use during 
follow-up, including initiation of statins, metformin, 
and other agents with potential anti-inflammato-
ry or metabolic effects, was recorded where avail-
able from medical records and patient self-report. 
Use of biologic therapies or disease-modifying an-
ti-rheumatic drugs remained an exclusion criterion 
throughout the study period.

Statistical analysis

Biomarker concentrations were non-normally 
distributed and were log-transformed for analysis, 
and results were presented as median [interquar-
tile range]. For categorical analysis, biomarkers 
were dichotomised as »High« or »Low« based on 
the optimal cut-off value for predicting radiographic 
progression determined by Youden’s Index from Re-
ceiver Operating Characteristic (ROC) analysis. The 
composite »High-Risk Inflammatory Phenotype« 
(HRIP) was defined as having »High« levels in 2 of 
the three biomarkers.

Associations between biomarker categories 
and outcomes were analysed using multivariate lo-
gistic regression (for radiographic and WOMAC pro-
gression) and Cox proportional hazards regression 
(for TKA), adjusting for age, sex, BMI, baseline KL 
grade, and baseline pain. Results are presented as 
adjusted odds ratios (aOR) or hazard ratios (aHR) 
with 95% confidence intervals (CI). The incremen-
tal predictive value of adding biomarkers to a clin-
ical model (age, sex, BMI, baseline KL grade) was 
assessed by comparing the area under the ROC 
curve (AUC) using the DeLong test (24). To assess 
the risk of model overfitting, the number of events 
per variable (EPV) was calculated for each multivari-
able model. An EPV10 was considered indicative 
of adequate model stability. Internal validation was 
performed using bootstrap resampling (1,000 iter-
ations) to estimate model performance optimism. 
Optimism-corrected area under the receiver oper-
ating characteristic curve values were calculated for 
the primary models. Baseline KL grade was included 
as a covariate to account for underlying disease se-
verity, given its established role as a strong predictor 
of osteoarthritis progression. To address potential 
bias arising from the inclusion of KL grade in both 
the covariate set and the outcome definition, sensi-
tivity analyses were performed by excluding baseline 
KL grade and using continuous joint space width 
(JSW) change as an alternative outcome measure.

A sensitivity analysis was performed to evalu-
ate the robustness of the primary findings and to 
address potential bias introduced by the adjustment 
for baseline KL grade. First, all multivariable models 
were repeated, excluding baseline KL grade from 
the covariate set. Second, an alternative analysis 
was conducted using continuous change in mini-
mum joint space width (JSW, mm) over 36 months 
as the outcome, analysed using multivariable linear 
regression adjusted for age, sex, BMI, and baseline 
WOMAC pain. These analyses were designed to mi-
nimise potential collider bias and to confirm consis-
tency of findings across outcome definitions. Statis-
tical analyses were performed using Stata 18.0, with 
a two-sided p-value <0.05 considered significant.

Results

Cohort characteristics

Of the 320 enrolled participants, 298 (93.1%) 
completed the 36-month follow-up. The mean age 
was 62.4±8.1 years, 65% were female, and the 
mean BMI was 29.8±4.5 kg/m2. Baseline charac-
teristics of the overall cohort, stratified by progres-
sion status, are presented in Table I. Radiographic 
progression occurred in 124 participants (41.6%). 
Progressors had a higher baseline BMI than non-pro-
gressors (30.8 vs 29.1 kg/m2), which, although 
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modest in magnitude, was statistically significant. 
They also had a greater proportion of KL grade 3 
disease and higher median serum levels of all three 
biomarkers.

During follow-up, 38 participants (12.8%) ini-
tiated statin therapy and 21 (7.0%) initiated met-
formin. No participants commenced disease-mod-
ifying anti-rheumatic drugs or biologic therapies. 
Adjustment for initiation of these medications in 
sensitivity analyses did not materially alter the associ-
ations between baseline biomarkers and outcomes.

Individual and combined biomarker associations 
with progression

The optimal cut-offs for defining »High« bio-
marker levels were: IL-15>2.0 pg/mL, TNF-a>2.3 
pg/mL, and YKL-40>85 ng/mL. In multivariate 
models, each »High« biomarker category was inde-
pendently associated with radiographic progression 
(Table II). YKL-40 showed the strongest association 
(aOR 2.85). Participants with HRIP (2 high bio-
markers) had a markedly elevated risk of all adverse 
outcomes compared with those with 0–1 high bio-
markers (aOR 5.12 for radiographic progression; 
aOR 3.01 for WOMAC pain progression; aHR 3.45 
for TKA).

Table I Baseline characteristics of the study cohort.

Characteristic Total Cohort (n=298) Non-Progressors (n=174) Progressors (n=124) p-value

Demographics

Age, years (mean ± SD) 62.4±8.1 61.8±8.3 63.2±7.8 0.145

Female, n (%) 194 (65.1) 108 (62.1) 86 (69.4) 0.195

BMI, kg/m2 (mean ± SD) 29.8± 4.5 29.1±4.2 30.8±4.7 0.001

Clinical/Radiographic

KL Grade 3, n (%) 142 (47.7) 68 (39.1) 74 (59.7) <0.001

Baseline WOMAC Pain (0–20) 9.5 [7–12] 9 [6–11] 10 [8–13] 0.003

Serum Biomarkers

IL-15, pg/mL 1.8 [1.2–2.7] 1.5 [1.0–2.2] 2.3 [1.7–3.4] <0.001

TNF-a, pg/mL 2.1 [1.5–3.0] 1.9 [1.3–2.6] 2.5 [1.8–3.5] <0.001

YKL-40, ng/mL 78.4 [52.1–112.5] 68.2 [45.3–98.7] 95.6 [68.4–135.2] <0.001

Data presented as mean ± SD, n (%), or median [IQR]. BMI: Body Mass Index; KL: Kellgren-Lawrence; WOMAC: Western Ontario 
and McMaster Universities Osteoarthritis Index.

Table II Associations between baseline serum biomarkers and 36-month outcomes.

Biomarker Category Radiographic 
Progression aOR 

(95% CI)*

p-value WOMAC Pain 
Progression† aOR 

(95% CI)*

p-value TKA Incidence 
aHR (95% CI)*

p-value

Individual (High vs. Low)

IL-15 (>2.0 pg/mL) 2.41 (1.52–3.81) <0.001 1.89 (1.20–2.98) 0.006 2.12 (1.14–3.94) 0.018

TNF-a (>2.3 pg/mL) 2.08 (1.31–3.30) 0.002 1.75 (1.11–2.76) 0.016 1.98 (1.06–3.71) 0.033

YKL-40 (>85 ng/mL) 2.85 (1.81–4.49) <0.001 2.20 (1.40–3.46) 0.001 2.65 (1.43–4.91) 0.002

Combined Phenotype

HRIP (2 High 
biomarkers)

5.12 (3.02–8.68) <0.001 3.01 (1.79–5.07) <0.001 3.45 (1.95–6.10) <0.001

*aOR: adjusted Odds Ratio; aHR: adjusted Hazard Ratio. Adjusted for age, sex, BMI, baseline KL grade, and baseline WOMAC 
pain.
†WOMAC Pain progression defined as a 20% worsening from baseline*
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Inter-rater reliability of radiographic 
assessments

Inter-rater agreement for KL grading between 
the two radiologists was excellent, with a weighted 
k of 0.82 (95% CI 0.76–0.88). Agreement for JSW 
measurements was also excellent, with an intraclass 
correlation coefficient of 0.91 (95% CI 0.87–0.94).

Predictive performance of biomarker models

The clinical model (age, sex, BMI, KL grade) 
for predicting radiographic progression had an 
AUC of 0.68 (95% CI 0.62–0.74). Adding individ-
ual biomarkers improved the AUC modestly (IL-15: 
0.72; TNF-a: 0.71; YKL-40: 0.75). The addition 
of the HRIP variable to the clinical model yielded 
the greatest improvement, increasing the AUC to 
0.79 (95% CI 0.74–0.84), a statistically significant 
increase (p<0.001, DeLong test).

Sensitivity analyses

In sensitivity analyses excluding baseline KL 
grade from the multivariable models, the associa-
tions between serum biomarkers and radiographic 
progression remained materially unchanged. The 
HRIP phenotype continued to show a strong, inde-
pendent association with progression (aOR 4.87, 
95% CI 2.91–8.14), comparable to that in the pri-
mary model.

When radiographic progression was assessed 
using continuous JSW change, higher baseline lev-
els of IL-15, TNF-a, and YKL-40 were each signifi-
cantly associated with greater joint space loss over 
36 months. The HRIP phenotype showed the stron-
gest effect, with an adjusted mean JSW reduction 
of -0.42 mm (p<0.001) compared to participants 
without the phenotype.

Model stability and internal validation

For the primary outcome of radiographic pro-
gression, 124 events were observed. The multivari-
able models included six predictors, yielding an EPV 
of 20.7, exceeding recommended thresholds for 
reliable estimation.

Bootstrap validation demonstrated minimal 
optimism in model performance. The apparent 
AUC for the clinical model plus HRIP was 0.79, and 
the optimism-corrected AUC was 0.77, indicating 
limited overfitting. Similar findings were observed 
across models incorporating individual biomarkers.

Discussion

This prospective study provides evidence that 
a systemic inflammatory signature, defined by se-
rum IL-15, TNF-a, and YKL-40, predicts structural 
and clinical deterioration in knee OA. Our key novel 
finding is that a composite High-Risk Inflammatory 
Phenotype (HRIP), defined by concurrent elevation 
of at least 2 of these biomarkers, identifies a patient 
subset with a 5-fold increased risk of radiographic 
progression and a 3.5-fold increased hazard of un-
dergoing TKA within 3 years.

The independent prognostic value of each 
biomarker illuminates distinct pathogenic path-
ways. The association of IL-15 supports emerging 
evidence of adaptive immune system involvement in 
OA progression. IL-15 promotes the survival and ac-
tivation of synovial CD8+ T cells and macrophages, 
driving a pro-catabolic environment (25, 26). Our 
prospective data extend prior cross-sectional work 
(27, 28), positioning IL-15 as a key mediator link-
ing systemic immunity to joint damage. The role 
of TNF-a, though widely studied, has been ambig-
uous in serum (16, 29). Our findings confirm its 
relevance as a prognostic, if not purely diagnostic, 
systemic marker, potentially reflecting a more ag-
gressive inflammatory synovitis phenotype (30, 31). 
The strongest individual association was with YKL-
40, a glycoprotein implicated in tissue remodelling 
and chondrocyte stress response (18, 32). Its high 
levels likely indicate active extracellular matrix turn-
over and attempted repair, aligning with its correla-
tion with rapid joint space loss (33, 34).

The synergistic predictive power of the HRIP 
panel is the most significant translational contribu-
tion. This aligns with the evolving paradigm of OA 
as a complex disorder with multiple inflammatory 
endotypes (35, 36). A single cytokine is unlikely to 
capture this complexity. The HRIP likely identifies 
patients with concurrent activation of immune-cell 
(IL-15), master inflammatory (TNF-a), and tis-
sue-remodelling (YKL-40) pathways, representing a 
»perfect storm« for rapid progression (37). This pan-
el significantly outperformed traditional clinical pre-
dictors, offering a practical tool for risk stratification.

Clinical implications

The HRIP panel could transform patient man-
agement and clinical trial design. It enables the 
identification of »rapid progressors« for inclusion in 
trials of disease-modifying OA drugs (DMOADs), 
enriching study cohorts and potentially reducing trial 
duration and cost (38, 39). Clinically, it could guide 
more frequent monitoring and justify earlier, more 
aggressive multimodal interventions (40).
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Strengths & Limitations

Strengths include the prospective design, 
standardised outcome assessment, and analysis of 
a novel biomarker combination. This study has lim-
itations, including: first, biomarker measurements 
were obtained at a single baseline time point, which 
limits the ability to assess the temporal dynamics of 
systemic inflammation. Serial measurements at in-
termediate intervals (e.g., 12 and 24 months) could 
provide additional prognostic insight by capturing 
trajectories of biomarker change or cumulative in-
flammatory burden over time (e.g., area-under-the-
curve analyses). Such approaches may further refine 
risk stratification and should be explored in future 
studies (41–43).

Second, this was a single-centre study, which 
may limit generalisability. Although the cohort was 
well-characterised, external validation in indepen-
dent populations is essential. In particular, validation 
across diverse ethnic groups, geographic regions, 
and healthcare systems is required to confirm the 
reproducibility and transportability of the High-Risk 
Inflammatory Phenotype (HRIP) before clinical im-
plementation.

Conclusion

We define and validate a novel High-Risk In-
flammatory Phenotype in knee OA based on serum 

IL-15, TNF-a, and YKL-40. This simple, blood-
based composite panel is a powerful, independent 
prognostic tool that outperforms clinical factors 
alone. Its implementation could pave the way for 
a more personalised, prognostic approach to OA 
management and accelerate the development of 
targeted therapies.
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