:' frontiers ‘ Frontiers in Immunology

@ Check for updates

OPEN ACCESS

José Jiram Torres-Ruiz,
National Institute of Medical Sciences and
Nutrition Salvador Zubirdn, Mexico

Guillermo Arturo Guaracha-Basafiez,
National Institute of Medical Sciences and
Nutrition Salvador Zubirdn, Mexico

Nicola Jane Gullick,

University Hospitals Coventry and
Warwickshire NHS Trust, United Kingdom

James Cheng-Chung Wei
jecwei@gmail.com

Yi-Chiao Bai
einniel56608@gmail.com

27 July 2025
13 October 2025
24 October 2025

Bai W-H, Liao P-L, Bai Y-C and Wei JC-C
(2025) Comparative risk of uveitis with
Janus kinase inhibitors versus tumor
necrosis factor inhibitors in ankylosing
spondylitis and psoriatic diseases:

a target trial emulation study.

Front. Immunol. 16:1673970.

doi: 10.3389/fimmu.2025.1673970

© 2025 Bai, Liao, Bai and Wei. This is an open-
access article distributed under the terms of
the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction
in other forums is permitted, provided the
original author(s) and the copyright owner(s)
are credited and that the original publication
in this journal is cited, in accordance with
accepted academic practice. No use,
distribution or reproduction is permitted
which does not comply with these terms.

Frontiers in Immunology

Original Research
24 October 2025
10.3389/fimmu.2025.1673970

Comparative risk of uveitis with
Janus kinase inhibitors versus
tumor necrosis factor inhibitors
in ankylosing spondylitis and
psoriatic diseases: a target

trial emulation study

Wei-Hsuan Bai*, Pei-Lun Liao™?, Yi-Chiao Bai***
+1,4,5,6%

and James Cheng-Chung Wei

HInstitute of Medicine, Chung Shan Medical University, Taichung, Taiwan, ?Center for Health Data
Science, Department of Medical Research, Chung Shan Medical University Hospital, Taichung, Taiwan,
sDepartment of Optometry, Shu-Zen Junior College of Medicine and Management,

Kaohsiung, Taiwan, “Department of Allergy, Immunology, and Rheumatology, Chung Shan Medical
University Hospital, Taichung, Taiwan, *Graduate Institute of Integrated Medicine, China Medical
University, Taichung, Taiwan, ¢Office of Research and Development, Asia University, Taichung, Taiwan

Objectives: To compare the risk of incident uveitis among patients with axial
spondyloarthritis initiating treatment with Janus kinase inhibitors (JAKi) versus
tumor necrosis factor inhibitors (TNFi).

Methods: We conducted an emulated target trial using real-world electronic
health records from the TriNetX US Collaborative Network. Adults with
ankylosing spondylitis (AS), psoriasis (PsO), or psoriatic arthritis (PsA) who newly
initiated a JAKi or a TNFi between January 1, 2016, and December 31, 2023, were
identified. Patients were stratified into JAKi and TNFi cohorts based on initial
treatment exposure. Propensity score matching (1:1) was performed to balance
baseline demographics, comorbidities, prior medication use, and laboratory
values. Cox proportional hazards models were used to estimate hazard ratio
(HR) and 95% confidence interval(Cl) for the development of incident uveitis, with
TNFi as the reference. Kaplan—Meier analysis was conducted to compare the 9-
year cumulative incidence of uveitis between cohorts. The primary outcome was
incident uveitis following initiation of therapy, with follow-up extending up to
nine years.

Results: Among 697,850 patients identified, 5,874 were included in each group
after 1:1 propensity score matching. JAKi use was associated with a lower risk of
incident uveitis compared with TNFi (HR = 0.630; 95% Cl, 0.418-0.948). These
findings remained consistent after further adjustment for comorbidities,
medications, and laboratory data. Subgroup analyses showed a consistent
protective association in older patients (> 51 years: HR = 0.43, 95% Cl| = 0.24—
0.79), White individuals (HR = 0.59, 95% CI = 0.38-0.93), and those with elevated
inflammatory markers (CRP > 3 mg/L: HR = 0.50, 95% CI = 0.26-0.96; ESR > 20
mm/h: HR = 0.41, 95% Cl = 0.19-0.87). The reduced risk persisted regardless of
concomitant use of conventional synthetic DMARDs (with csDMARDs: HR =
0.50, 95% CI = 0.28-0.92; without csDMARDs: HR = 0.56, 95% CI = 0.33-0.94).
Conclusions: In this large-scale, real-world cohort study, JAKi therapy was
associated with a significantly reduced risk of incident uveitis compared to

01 frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1673970/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1673970/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1673970/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1673970/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1673970/full
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1673970/full
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org
http://crossmark.crossref.org/dialog/?doi=10.3389/fimmu.2025.1673970&domain=pdf&date_stamp=2025-10-24
mailto:jccwei@gmail.com
mailto:einnie156608@gmail.com
https://doi.org/10.3389/fimmu.2025.1673970
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology#editorial-board
https://www.frontiersin.org/journals/immunology#editorial-board
https://doi.org/10.3389/fimmu.2025.1673970
https://www.frontiersin.org/journals/immunology

Bai et al.

10.3389/fimmu.2025.1673970

TNFi therapy in patients with AS, PsO, or PsA. These findings suggest a potential
role for JAKi in mitigating ocular inflammation in this population. Further
prospective studies and randomized controlled trials are warranted to validate
these results and inform future clinical guidelines.

janus kinase inhibitors, tumor necrosis factor inhibitors, uveitis, autoimmune disease,

TriNetX, cohort study

1 Introduction

Autoimmune diseases are driven by dysregulated innate and
adaptive immune responses, leading to chronic inflammation (1).
Axial Spondyloarthritis (axSpA), predominantly affecting the
sacroiliac joints and spine, including ankylosing spondylitis (AS)
and some forms of psoriatic arthritis (PsA), is characterized by
shared pathogenic, clinical, and radiographic features, such as axial
arthritis, with or without peripheral arthritis, enthesitis, dactylitis,
and an association with HLA-B27 (2). PsA is strongly associated
with psoriasis (PsO), a chronic inflammatory skin disease, with
approximately 6% to 42% of patients with PsO developing PsA over
time (3). Uveitis is among the most serious extra-articular
manifestations in axSpA due to its potential for irreversible vision
loss, accounting for up to 10% to 15% of legal blindness in
developed countries (4, 5). Uveitis affects approximately 25%-
40% of patients with AS, up to 10% of those with PsA, and 2%-
5% of individuals with PsO (6). When inadequately treated or
recurrent, uveitis may lead to complications including macular
edema, cataracts, retinal detachment, and, ultimately, permanent
visual impairment (4).

The axSpA involves a complex interplay of cytokines, including
tumor necrosis factor-ot (TNF-ov), interleukin (IL)-6, IL-12, IL-23,
and IL-17A, which mediate both musculoskeletal and extra-
articular inflammation (7). TNF-o contributes to intraocular
inflammation by inducing blood-retinal barrier disruption
through activation of the NF-kB and MAPK signaling pathways
(8). In contrast, IL-6, IL-12, and IL-23 activate the Janus kinase
(JAK)-signal transducer and activator of transcription (STAT)
pathway, promoting the differentiation of Thl and Th17 cells (9).
These mechanistic insights have led to the development of targeted
therapies, with tumour necrosis factor inhibitors (TNFi) and JAK
inhibitors (JAKi) both demonstrating efficacy in axSpA. Current
guidelines by EULAR and GRAPPA recommend their use as
second-line therapies in patients with inadequate response to
conventional treatment (10, 11).

Despite their inclusion in treatment guidelines, comparative
data on the relative effectiveness of TNFi and JAKi in reducing the
risk of uveitis remain limited. Previous studies have established the
efficacy of monoclonal antibody TNFi in preventing uveitis onset
and reducing recurrence in patients with AS (12-15). In contrast,
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current evidence on JAKi largely stems from underpowered
investigations, including case reports, small observational studies,
and the prematurely terminated HUMBOLDT trial, all of which
lack robust control groups (16-19). Recent safety concerns
surrounding JAKi have further complicated therapeutic decision-
making in clinical practice (20, 21). Moreover, it remains unclear
whether the distinct immunologic mechanisms of TNFi and JAKi
may differentially influence the risk of uveitis. These knowledge
gaps underscore the urgent need for large-scale, head-to-head
comparative studies evaluating the impact of these targeted
therapies on uveitis risk.

To address this knowledge gap, we conducted a large-scale, real-
world comparative study to evaluate the risk of incident uveitis
among patients with psoriatic disease and AS treated with either
TNFi or JAKI.

2 Methods

This retrospective cohort study utilized data from the TriNetX
Network (https://trinetx.com/), a global health research platform
that provides access to de-identified electronic health records
(EHRs), encompassing diagnoses, procedures, medications,
laboratory results, and genomic data. Data were obtained from a
subset of the TriNetX database, comprising 68 healthcare
organizations (HCOs) and approximately 116 million patients
across the United States. All data analyses were conducted in
November 2024. This study was approved by the Institutional
Review Board (IRB) of Chung Shan Medical University Hospital
(Approval No. CS1-24069) and was conducted in accordance with
the principles of the Declaration of Helsinki.

2.1 Participants

We included adult patients (=18 years) who had at least two
outpatient diagnoses of AS, PsO, or PsA between January 1, 2000,
and December 31, 2023. Diagnoses were identified using the
International Classification of Diseases, 10th Revision, Clinical
Modification (ICD-10-CM) codes, which include AS (M45, M46),
PsO (1L40.0, L40.1, 140.2, 140.3, 1L40.4, L40.8, 140.9), and PsA
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(L40.5). These diagnostic codes have been previously validated in
studies utilizing administrative claims data and electronic health
records (22-24).

2.2 Exposure

In this target trial emulation study, exposure was defined as the
first prescription of either a JAKi or TNFi during the study period.
The date of the first prescription was designated as the index date.
To reduce prevalent user bias, patients with any prior prescription
record of JAKi or TNFi before January 1, 2016, were excluded. The
JAKi cohort included patients who received a new prescription for
any JAKi], identified using the Anatomical Therapeutic Chemical
(ATC) classification code L04AA, encompassing tofacitinib,
baricitinib, and upadacitinib. The TNFi cohort comprised patients
who initiated therapy with any TNFi, specifically TNF monoclonal
antibodies (TNF mAbs), identified by ATC code L04AB, including
infliximab, adalimumab, certolizumab pegol, and golimumab (25).
We further excluded patients who switched between or
concurrently used both JAKi and TNFi at any time after January
1, 2016. Additionally, patients with a history of uveitis prior to the
index date were also excluded.

2.3 Outcome

The primary outcome of interest was the occurrence of incident
uveitis. The diagnostic subtypes of uveitis include chorioretinal
inflammation (ICD-10-CM H30), iridocyclitis (ICD-10-CM H20),
pan-uveitis (ICD-10-CM H44.11), sympathetic uveitis (ICD-10-
CM H44.13), ophthalmia nodosa (ICD-10-CM H16.24), and retinal
vasculitis (ICD-10-CM H35.06). These ICD-10-CM codes are
widely recognized and commonly used in tertiary care settings to
ensure accurate diagnosis (26, 27). To minimize potential
misclassification of preexisting uveitis and to ensure that
identified cases represented incident events, a washout period of
30 days after the index date was implemented. Participants were
subsequently followed from the end of this washout period until the
occurrence of uveitis or the end of the study period, whichever
came first.

2.4 Covariate

Baseline characteristics of eligible patients were extracted from
the TriNetX database. Key demographic variables included age, sex,
ethnicity, race, body mass index (BMI), socioeconomic status, and
lifestyle factors. Pre-existing comorbidities identified in previous
studies, as well as prior use of nonsteroidal anti-inflammatory drugs
(NSAIDs) and conventional synthetic disease-modifying
antirheumatic drugs (csDMARDs), were also recorded (28, 29).
Laboratory markers, including C-reactive protein (CRP) and
erythrocyte sedimentation rate (ESR), were considered potential
confounders (30). Definitions of all variables are detailed in

Frontiers in Immunology

10.3389/fimmu.2025.1673970

Supplementary Table 7. Exposure variables were defined using
data from the 12-month period preceding the index date. To
further evaluate the potential impact of unmeasured confounding,
we calculated E-values for the association between JAKi use and
incident uveitis.

2.5 Statistical analysis

To minimize confounding, we used the built-in 1:1 propensity
score matching (PSM) function in TriNetX. A standardized mean
difference (SMD) of less than 0.1 was considered indicative of
adequate covariate balance between matched groups (31). After
confirming the proportional hazards assumption, we applied Cox
proportional hazards models to estimate hazard ratio (HR) and 95%
confidence interval (CI) for the risk of uveitis. The Kaplan-Meier
method was used to estimate the cumulative incidence of uveitis,
and differences between groups were assessed using the log-rank
test. Statistical significance was defined as a two-sided p-value
of <0.05.

We conducted the following prespecified subgroup analyses.
Stratification by age, sex, and race was performed to assess potential
effect modification. Additional subgroup analyses were based on
underlying disease type, including AS and psoriatic diseases. To
further explore treatment heterogeneity, patients were stratified
according to the specific type of JAKi received. The impact of
concomitant use of csDMARDs during the treatment period was
assessed to determine whether it modified the effect of JAKi or TNFi
therapy on the risk of uveitis. Lastly, analyses stratified by ESR and
CRP levels were conducted to assess whether baseline inflammatory
severity influenced treatment outcomes.

2.6 Sensitivity analyses

We also conducted several sensitivity analyses to evaluate the
robustness of our results. To align with the per-protocol approach
commonly used in clinical trials, we restricted the analysis to
patients who had received at least two prescriptions of the study
drug to ensure treatment adherence. Additionally, to account for
treatment switching, we refined the exclusion criteria by excluding
patients who received both treatments concurrently within the first
three months of follow-up. Given that adalimumab is the only FDA-
approved biologic for uveitis, we conducted a sensitivity analysis
using it as the reference group (32). Lastly, we performed additional
analyses using data from the TriNetX Global Collaborative Network
to further assess the consistency of our results. All analyses were
conducted within the TriNetX platform.

3 Results

From January 1, 2000, to December 31, 2023, a total of 697,850
adult patients with AS, PsO, or PsA were identified from the
TriNetX US Collaborative Network. Between 2016 and 2023,
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62,592 patients without prior exposure to JAKi or TNFi were
deemed eligible. After applying the exclusion criteria, 53,915
patients who initiated treatment with JAKi or TNFi at one of the
68 participating HCOs were included and subsequently categorized
into JAKi and TNFi cohorts (Figure 1). After PSM matching, the
baseline characteristics of 5,874 patients in each group are presented
in Supplementary Table 1, showing well-balanced covariates across
all measures (SMD < 0.1). The mean (SD) age of JAKi participants
was 53.5 (14.3) years, with a mean BMI of 31.6 (7.9). Among the
patients for whom sex data was available, 3,893 (66.3%)
were women.

Table 1 presents the HR for uveitis from four multivariable Cox
proportional hazards models. In all models, patients receiving JAKi
therapy had a consistently lower risk of uveitis compared with those
receiving TNFi therapy. The HR were 0.630 (95% CI, 0.418-0.948)
in Model 1, The HR were 0.530 (95% CI, 0.356-0.789) in Model 2,
The HR were 0.649 (95% CI, 0.43-0.979) in Model 3, and The HR
were 0.596 (95% CI, 0.403-0.880) in Model 4. The E-values for the
point estimates ranged from 2.454 to 3.180, and those for the lower
bounds of the confidence intervals ranged from 1.169 to 1.850.
These values indicate that an unmeasured confounder would need
to be associated with both the exposure and the outcome by a risk
ratio of at least 2.5 to fully explain away the observed associations,
beyond the measured covariates already included in our models.
Figure 2 illustrates that the cumulative incidence of uveitis over a
nine-year follow-up period, following a washout period after the
index date, was significantly lower in patients receiving JAKi

TriNetX US Collaborative Network

l

Patients aged =18 years with ankylosing spondylitis or psoriatic disease
(with=2 visit record ) , from 2000/1/1 to 2023/12/31, n=697,850

|

v v
JAKI new user group

7,738 patients used JAKi from
2016/1/1 10 2023/12/31

TNFi new user group
54,854 patients used TNFi from
2016/1/1 10 2023/12/31

Exclusions:
1. Uveitis before index date, n=291
| 2. Use of TNFi after index date, n=1,561

Exclusions:
1. Uveitis before index date, n=3,140
2. Use of JAKi after index date, n=3,685

JAKIi new user group,
n=5,886

TNFi new user group,
n=48,029

Propensity score matching 1:1 by age at index, sex, race,
hnicity, BMI, medi ic, lifestyle,
comorbidities and medications

1 utilization,

JAKI new user group,
n=5_874

TNFi new user group,
=5,874

FIGURE 1
Participant selection flowchart of study cohort selection.
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therapy compared with those receiving TNFi therapy (log-rank
test, P = 0.009).

Among patients aged =51 years (HR, 0.43; 95% CI, 0.24-0.79)
and in White individuals (HR, 0.59; 95% CI, 0.38-0.93), JAKi
therapy was associated with a significantly lower risk of uveitis
compared with TNFi therapy (Supplementary Figure 1). No
significant difference in uveitis risk was observed between patients
with AS and those with psoriatic disease (Supplementary Figure 2),
or across different JAKi subtypes (Supplementary Figure 3). In
stratified analyses based on csDMARD use during follow-up, JAKi
therapy remained protective in both subgroups. The HR was 0.50
(95% CI, 0.28-0.92) among patients receiving csDMARDs and 0.56
(95% CI, 0.33-0.94) among those not receiving csDMARDs
(Supplementary Figure 4). Inflammatory burden also appeared to
modify treatment effects. JAKi therapy was associated with a
significantly lower risk of uveitis in patients with elevated CRP
(=23 mg/L; HR, 0.50; 95% CI, 0.26-0.96) and elevated ESR (220 mm/
h; HR, 0.41; 95% CI, 0.19-0.87). In contrast, no significant
difference was observed in patients with lower inflammatory
levels (Supplementary Figure 5).

In the on-treatment analysis, which was restricted to patients
with >2 prescriptions, JAKi therapy remained associated with a
significantly lower risk of uveitis compared with TNFi (HR, 0.605;
95% CI, 0.385-0.952; Supplementary Table 3). After excluding
patients who received both therapies within the first three
months, the results remained consistent (HR, 0.675; 95% CI,
0.471-0.969; Supplementary Table 4). Using adalimumab as the
reference group yielded similar findings (Supplementary Table 5).
The results were also consistent in analyses utilizing data from the
TriNetX Global Collaborative Network (Supplementary Table 6).

4 Discussion

In this large-scale cohort study of patients with AS, PsO, or PsA,
initiation of JAKi therapy was associated with a lower risk of
incident uveitis compared with TNFi therapy. These findings
were consistent across all four sensitivity analyses, supporting the
robustness of the primary results. Subgroup analyses showed that
the protective effect of JAKi therapy against uveitis was more
pronounced in older adults, White individuals, and patients with
elevated inflammatory markers (CRP 23 mg/L or ESR 220 mm/h).
Notably, this association remained regardless of concomitant
c¢sDMARD use.

To our knowledge, this is the first study to investigate the
association between targeted synthetic disease-modifying
antirheumatic drugs (tsDMARDs) and biologic agents and the
risk of uveitis using large-scale real-world data. It builds on prior
research into the ocular effects of JAKIi, further supporting their
potential role in inflammatory eye disease management (16-19).
Miserocchi et al. reported reduced intraocular inflammation and
relapse rates in refractory juvenile idiopathic arthritis (JIA)-
associated uveitis treated with JAKi (16). Similarly, Wen et al.
observed clinical improvement in patients with refractory non-
infectious uveitis or scleritis following JAKi therapy (17). In a
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TABLE 1 Risk of incident uveitis events in patients with autoimmune disease treated with JAKi compared to TNFi over a 9-year follow-up period.

Model 1 hazard
ratio* (95% ClI)

Patients with
outcome

Patients in
cohort

Group

Model 2 hazard
ratio (95% Cl)

Model 3 hazard
ratio (95% Cl)

Model 4 hazard
ratio (95% Cl)

JAKi user ‘ 5,874 37 0.63 (0.418,0.948)

TNFi user ‘ 5,874 86 reference

E-value (CI)

2.553(1.295)

0.53 (0.356,0.789) 0.649(0.43,0.979) ‘ 0.596(0.403, 0.880)

reference reference ‘ reference

3.180(1.850) 2.454(1.169) ‘ 2.744(1.530)

*Hazard ratio for outcomes among JAKi group compared to TNFi group subjects (after propensity score matching).

95% CI, 95% confidence interval.

prospective cohort study conducted within the international
AutoInflammatory Disease Alliance (AIDA) Network, ocular flare
incidence dropped from 125 to 28.6 events per 1,000 person-
months after JAKi initiation (IRR 4.37, 95% CI 1.3-14.7; p=0.02)
(18). Additionally, the phase 2 HUMBOLDT trial showed filgotinib
significantly reduced treatment failure in active non-infectious
uveitis versus placebo (37.5% vs. 67.6%; p=0.006) (19). By
contrast, a network meta-analysis of axial spondyloarthritis by
Bechman et al. found that TNF monoclonal antibodies, JAKi, and
IL-17 inhibitors all reduced the risk of anterior uveitis, with no
significant differences between them (33). However, SUCRA
ranking suggested the lowest risk with TNF monoclonal
antibodies, followed by JAK inhibitors, IL-17 inhibitors, and
finally etanercept (33). These discrepancies highlight the need for
future head-to-head comparative and randomized studies to more
clearly delineate the relative effectiveness of JAKi compared to
established biologic therapies in the prevention and management
of uveitis across diverse patient populations.

Neverteless, potential channelling bias should be considered
when interpreting our findings. In clinical practice, TNFi are
typically used as first-line biologics for AS and PsA, particularly
in patients with axial involvement or a prior history of uveitis (10).
In contrast, JAKi are more commonly reserved for patients with
more severe disease or those who have not responded adequately to
conventional therapies (34). To minimize potential bias, we
restricted the cohort to patients without a prior diagnosis of
uveitis and adjusted for disease severity proxies, including
baseline CRP, ESR, and prior exposure to conventional synthetic
DMARD:s within the year before treatment initiation.

The lower risk of uveitis observed among patients receiving JAK
inhibitors suggests potential mechanistic differences compared with
TNF inhibitors. JAK inhibitors modulate multiple inflammatory
pathways by suppressing key cytokines, including IL-6, IL-12, and
IL-23, which are implicated in the pathogenesis of both
spondyloarthritis and ocular inflammation (9, 35). Given the
pivotal role of IL-23 in Thl7-mediated immune responses, the
broader cytokine inhibition achieved by JAK inhibitors may
contribute to reduced uveitis risk (36, 37). Furthermore, JAK
inhibitors, being small molecules, may penetrate the blood-retina
barrier more effectively than biologics, allowing for direct
modulation of intraocular inflammation (38). However, these
remain theoretical hypotheses that require validation through
future research.

This study has several important implications. When
randomized controlled trials are prohibitively expensive or time-
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consuming, emulated target trials using observational data provide
a valuable source of real-world evidence on the effectiveness of
interventions (39). Further studies employing similar
methodologies are warranted to validate and build upon these
findings. Additionally, we were unable to assess detailed clinical
data, such as uncoded measures of disease activity, joint pain, and
medication dosages. Incorporating more detailed clinical variables
in future observational studies will help mitigate potential residual
confounding and enhance the validity of comparative effectiveness
research. While our study focused on the long-term risk of uveitis,
emerging concerns have been raised regarding the safety of
prolonged JAKi use, particularly in older adults (20). The FDA
has issued black box warnings highlighting potential risks,
including major adverse cardiovascular events and malignancies
(20, 21). Further studies are warranted to evaluate the long-term
safety profile of JAKi and to inform clinical decision-making.

The strengths of our study include the use of a large real-world
database, a new-user design, an active comparator approach,
multiple sensitivity analyses supporting the main findings, and
stratified analyses to mitigate potential confounding. However,
several limitations should be acknowledged. First, reliance on
electronic health records may introduce coding errors or
misclassification, which could potentially affect the accuracy of
the study findings. Second, the TriNetX database lacks detailed
information on medication dosage, disease severity, smoking status,

----- JAKi user = TNFi user

7 Log-rank p =0.009

&
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FIGURE 2

Kaplan-Meier curves showing the cumulative probability (%) of
uveitis, comparing the risk of incident uveitis events in patients with
autoimmune diseases treated with JAKi compared to TNFi over a 9-
year follow-up period. JAKI, Janus kinase Inhibitors; TNFi, tumor
necrosis factor-alpha inhibitors.
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and imaging findings, which may limit the precision of linking drug
exposure to clinical outcomes. Moreover, due to the absence of
imaging data, we were unable to distinguish between radiographic
and non-radiographic axSpA. Third, a further limitation is the
inability to restrict diagnoses to those made exclusively by
ophthalmologists, as the TriNetX platform does not capture
physician specialty information. Fourth, the majority of patients
in our cohort were White. Although race and ethnicity were
balanced between treatment groups after propensity score
matching (SMD <0.1), the limited racial and ethnic diversity may
restrict the external validity and generalizability of our results.
Finally, although the TriNetX database is extensive, it only
includes outpatient data from HCOs that are part of the TriNetX
network. Patients who discontinue treatment or seek care outside
the network are lost to follow-up, which limits the generalizability
of our findings, particularly in regions with less comprehensive
healthcare coverage.

5 Conclusions

In this real-world cohort study, JAK inhibitor therapy was
associated with a reduced risk of incident uveitis compared with
TNF inhibitors among patients with ankylosing spondylitis,
psoriasis, or psoriatic arthritis. These findings support a potential
therapeutic role for JAK inhibitors in mitigating ocular
inflammatory risk in this population. Further prospective studies
are warranted to validate these results and elucidate the
underlying mechanisms.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

Ethics statement

The studies involving humans were approved by The use of
TriNetX for the present study was approved under the authority of
the Institutional Review Board of Chung Shan Medical University
Hospital (No: CS1-24069). The studies were conducted in
accordance with the local legislation and institutional
requirements. The ethics committee/institutional review board
waived the requirement of written informed consent for
participation from the participants or the participants’ legal
guardians/next of kin because The study did not meet the criteria

Frontiers in Immunology

06

10.3389/fimmu.2025.1673970

for human subjects research, as this was an analysis of an existing
anonymized dataset.

Author contributions

W-HB: Writing - original draft. P-LL: Writing — original draft,
Formal Analysis. Y-CB: Writing - review & editing, Supervision.
JW: Writing - review & editing, Project administration.

Funding

The author(s) declare that no financial support was received for
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declare that no Generative AI was used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this
article has been generated by Frontiers with the support of artificial
intelligence and reasonable efforts have been made to ensure
accuracy, including review by the authors wherever possible. If
you identify any issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fimmu.2025.
1673970/full#supplementary-material.

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fimmu.2025.1673970/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fimmu.2025.1673970/full#supplementary-material
https://doi.org/10.3389/fimmu.2025.1673970
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Bai et al.

References

1. Davidson A, Diamond B. Autoimmune diseases. N Engl ] Med. (2001) 345:340—
50. doi: 10.1056/NEJM200108023450506

2. Taitt HA, Balakrishnan R. Spondyloarthritides. Emerg Med Clin North Am. (2022)
40:159-78. doi: 10.1016/j.emc.2021.08.005

3. Raharja A, Mahil SK, Barker JN. Psoriasis: a brief overview. Clin Med (Lond).
(2021) 21:170-3. doi: 10.7861/clinmed.2021-0257

4. Durrani OM, Tehrani NN, Marr JE, Moradi P, Stavrou P, Murray PI. Degree,
duration, and causes of visual loss in uveitis. Br ] Ophthalmol. (2004) 88:1159-62.
doi: 10.1136/bjo.2003.037226

5. Sharma SM, Jackson D. Uveitis and spondyloarthropathies. Best Pract Res Clin
Rheumatol. (2017) 31:846-62. doi: 10.1016/j.berh.2018.08.002

6. Zeboulon N, Dougados M, Gossec L. Prevalence and characteristics of uveitis in
the spondyloarthropathies: a systematic literature review. Ann Rheum Dis. (2008)
67:955-9. doi: 10.1136/ard.2007.075754

7. Del Vescovo S, Venerito V, Iannone C, Lopalco G. Uncovering the underworld of
axial spondyloarthritis. Int ] Mol Sci. (2023) 24(7):6463. doi: 10.3390/ijms24076463

8. Jiang Q, Li Z, Tao T, Duan R, Wang X, Su W. TNF-o. in uveitis: from bench to
clinic. Front Pharmacol. (2021) 12:740057. doi: 10.3389/fphar.2021.740057

9. Hu X, Li J, Fu M, Zhao X, Wang W. The JAK/STAT signaling pathway: from
bench to clinic. Signal Transduct Target Ther. (2021) 6:402. doi: 10.1038/s41392-021-
00791-1

10. Ramiro S, Nikiphorou E, Sepriano A, Ortolan A, Webers C, Baraliakos X, et al.
ASAS-EULAR recommendations for the management of axial spondyloarthritis: 2022
update. Ann Rheum Dis. (2023) 82:19-34. doi: 10.1136/ard-2022-223296

11. Coates LC, Soriano ER, Corp N, Bertheussen H, Callis Duffin K, Campanholo
CB, et al. Group for Research and Assessment of Psoriasis and Psoriatic Arthritis
(GRAPPA): updated treatment recommendations for psoriatic arthritis 2021. Nat Rev
Rheumatol. (2022) 18:465-79. doi: 10.1038/s41584-022-00798-0

12. van Bentum RE, Heslinga SC, Nurmohamed MT, Gerards AH, Griep EN,
Koehorst CBJM, et al. Reduced occurrence rate of acute anterior uveitis in ankylosing
spondylitis treated with golimumab - the GO-EASY study. ] Rheumatol. (2019) 46:153-
9. doi: 10.3899/jrheum.180312

13. van Denderen JC, Visman IM, Nurmohamed MT, Suttorp-Schulten MS, van der
Horst-Bruinsma IE. Adalimumab significantly reduces the recurrence rate of anterior
uveitis in patients with ankylosing spondylitis. ] Rheumatol. (2014) 41:1843-8.
doi: 10.3899/jrheum.131289

14. van der Horst-Bruinsma I, van Bentum R, Verbraak FD, Rath T, Rosenbaum JT,
Misterska-Skora M, et al. The impact of certolizumab pegol treatment on the incidence
of anterior uveitis flares in patients with axial spondyloarthritis: 48-week interim results
from C-VIEW. RMD Open. (2020) 6(1):¢001161. doi: 10.1136/rmdopen-2019-001161

15. Braun J, Baraliakos X, Listing ], Sieper J. Decreased incidence of anterior uveitis in
patients with ankylosing spondylitis treated with the anti-tumor necrosis factor agents
infliximab and etanercept. Arthritis Rheum. (2005) 52:2447-51. doi: 10.1002/art.21197

16. Miserocchi E, Giuffrée C, Cornalba M, Pontikaki I, Cimaz R. JAK inhibitors in
refractory juvenile idiopathic arthritis-associated uveitis. Clin Rheumatol. (2020)
39:847-51. doi: 10.1007/s10067-019-04875-w

17. Wen ], Hu H, Chen M, Yang H, Zhao Y, Liu Y. Role of janus kinase (JAK)
inhibitor in autoimmune ocular inflammation: A systematic review. J Immunol Res.
(2021) 2021:2324400. doi: 10.1155/2021/2324400

18. Vitale A, Palacios-Olid ], Caggiano V, Ragab G, Hernandez-Rodriguez J,
Pelegrin L, et al. Efficacy and safety of Janus kinase inhibitors in non-infectious
inflammatory ocular diseases: a prospective cohort study from the international AIDA
network registries. Front Med (Lausanne). (2024) 11:1439338. doi: 10.3389/
fmed.2024.1439338

19. Srivastava SK, Watkins TR, Nguyen QD, Sharma S, Scales DK, Dacey MS, et al.
Filgotinib in active noninfectious uveitis: the HUMBOLDT randomized clinical trial.
JAMA Ophthalmol. (2024) 142:789-97. doi: 10.1001/jamaophthalmol.2024.2439

20. Yang V, Kragstrup TW, McMaster C, Reid P, Singh N, Haysen SR, et al.
Managing cardiovascular and cancer risk associated with JAK inhibitors. Drug Saf.
(2023) 46:1049-71. doi: 10.1007/s40264-023-01333-0

Frontiers in Immunology

07

10.3389/fimmu.2025.1673970

21. Samuel C, Cornman H, Kambala A, Kwatra SG. A review on the safety of using
JAK inhibitors in dermatology: clinical and laboratory monitoring. Dermatol Ther
(Heidelb). (2023) 13:729-49. doi: 10.1007/s13555-023-00892-5

22. Wang W, Wang YH, Huang CH, Hsieh TH, Ibarburu GH, Wei JC. Paxlovid use
is associated with lower risk of cardiovascular diseases in COVID-19 patients with
autoimmune rheumatic diseases: a retrospective cohort study. BMC Med. (2024)
22:117. doi: 10.1186/s12916-024-03331-0

23. Huo AP, Liao PL, Leong PY, Wei JC. From psoriasis to psoriatic arthritis:
epidemiological insights from a retrospective cohort study of 74,046 patients. Front
Med (Lausanne). (2024) 11:1419722. doi: 10.3389/fmed.2024.1419722

24. Singla S, Putman M, Liew J, Gordon K. Association between biological
immunotherapy for psoriasis and time to incident inflammatory arthritis: a
retrospective cohort study. Lancet Rheumatol. (2023) 5:¢200—e7. doi: 10.1016/S2665-
9913(23)00034-6

25. Tsai JJ, Liu LT, Chen CH, Chen LJ, Wang SI, Wei JC. COVID-19 outcomes in
patients with rheumatoid arthritis with biologic or targeted synthetic DMARDs. RMD
Open. (2023) 9(3):¢003038. doi: 10.1136/rmdopen-2023-003038

26. Hsia NY, Hsu AY, Wang YH, Li JX, Chen HS, Wei JC, et al. The risk assessment
of uveitis after COVID-19 diagnosis: A multicenter population-based study. J Med
Virol. (2023) 95:€29188. doi: 10.1002/jmv.29188

27. McKay KM, Apostolopoulos N, Dahrouj M, Nguyen HV, Reddy A, Blazes M,
et al. Assessing the uniformity of uveitis clinical concepts and associated ICD-10 codes
across health care systems sharing the same electronic health records system. JAMA
Ophthalmol. (2021) 139:887-94. doi: 10.1001/jamaophthalmol.2021.2045

28. Bai YC, Perng WT, Huang JY, Liao PL, Wei JC. Risk of uveitis in autoimmune
diseases patients treated with hydroxychloroquine: A population-based retrospective
cohort study. Int ] Rheum Dis. (2024) 27:¢15099. doi: 10.1111/1756-185X.15099

29. Barisani-Asenbauer T, Maca SM, Mejdoubi L, Emminger W, Machold K, Auer
H. Uveitis- a rare disease often associated with systemic diseases and infections- a
systematic review of 2619 patients. Orphanet ] Rare Dis. (2012) 7:57. doi: 10.1186/1750-
1172-7-57

30. Groen-Hakan F, Eurelings L, van Laar ], Rothova A. Relevance of erythrocyte
sedimentation rate and C-reactive protein in patients with active uveitis. Graefes Arch
Clin Exp Ophthalmol. (2019) 257:175-80. doi: 10.1007/s00417-018-4174-7

31. Austin PC. Balance diagnostics for comparing the distribution of baseline
covariates between treatment groups in propensity-score matched samples. Stat Med.
(2009) 28:3083-107. doi: 10.1002/sim.3697

32. Hasegawa E, Takeda A, Yawata N, Sonoda KH. The effectiveness of adalimumab
treatment for non-infectious uveitis. Immunol Med. (2019) 42:79-83. doi: 10.1080/
25785826.2019.1642080

33. Bechman K, Yang Z, Adas M, Nagra D, Uguzlar S A, Russell MD, et al. Incidence
of uveitis in patients with axial spondylarthritis treated with biologics or targeted
synthetics: A systematic review and network meta-analysis. Arthritis Rheumatol. (2024)
76:704-14. doi: 10.1002/art.42788

34. Danve A, Deodhar A. Treatment of axial spondyloarthritis: an update. Nat Rev
Rheumatol. (2022) 18:205-16. doi: 10.1038/s41584-022-00761-z

35. Tanaka Y, Luo Y, O’Shea JJ, Nakayamada S. Janus kinase-targeting therapies in
rheumatology: a mechanisms-based approach. Nat Rev Rheumatol. (2022) 18:133-45.
doi: 10.1038/s41584-021-00726-8

36. Egwuagu CE, Alhakeem SA, Mbanefo EC. Uveitis: molecular pathogenesis and
emerging therapies. Front Immunol. (2021) 12:623725. doi: 10.3389/
fimmu.2021.623725

37. WuX, Tao M, Zhu L, Zhang T, Zhang M. Pathogenesis and current therapies for
non-infectious uveitis. Clin Exp Med. (2023) 23:1089-106. doi: 10.1007/s10238-022-
00954-6

38. Pleyer U, Neri P, Deuter C. New pharmacotherapy options for noninfectious
posterior uveitis. Int Ophthalmol. (2021) 41:2265-81. doi: 10.1007/s10792-021-01763-8

39. Fu EL. Target trial emulation to improve causal inference from observational
data: what, why, and how? ] Am Soc Nephrol. (2023) 34:1305-14. doi: 10.1681/
ASN.0000000000000152

frontiersin.org


https://doi.org/10.1056/NEJM200108023450506
https://doi.org/10.1016/j.emc.2021.08.005
https://doi.org/10.7861/clinmed.2021-0257
https://doi.org/10.1136/bjo.2003.037226
https://doi.org/10.1016/j.berh.2018.08.002
https://doi.org/10.1136/ard.2007.075754
https://doi.org/10.3390/ijms24076463
https://doi.org/10.3389/fphar.2021.740057
https://doi.org/10.1038/s41392-021-00791-1
https://doi.org/10.1038/s41392-021-00791-1
https://doi.org/10.1136/ard-2022-223296
https://doi.org/10.1038/s41584-022-00798-0
https://doi.org/10.3899/jrheum.180312
https://doi.org/10.3899/jrheum.131289
https://doi.org/10.1136/rmdopen-2019-001161
https://doi.org/10.1002/art.21197
https://doi.org/10.1007/s10067-019-04875-w
https://doi.org/10.1155/2021/2324400
https://doi.org/10.3389/fmed.2024.1439338
https://doi.org/10.3389/fmed.2024.1439338
https://doi.org/10.1001/jamaophthalmol.2024.2439
https://doi.org/10.1007/s40264-023-01333-0
https://doi.org/10.1007/s13555-023-00892-5
https://doi.org/10.1186/s12916-024-03331-0
https://doi.org/10.3389/fmed.2024.1419722
https://doi.org/10.1016/S2665-9913(23)00034-6
https://doi.org/10.1016/S2665-9913(23)00034-6
https://doi.org/10.1136/rmdopen-2023-003038
https://doi.org/10.1002/jmv.29188
https://doi.org/10.1001/jamaophthalmol.2021.2045
https://doi.org/10.1111/1756-185X.15099
https://doi.org/10.1186/1750-1172-7-57
https://doi.org/10.1186/1750-1172-7-57
https://doi.org/10.1007/s00417-018-4174-7
https://doi.org/10.1002/sim.3697
https://doi.org/10.1080/25785826.2019.1642080
https://doi.org/10.1080/25785826.2019.1642080
https://doi.org/10.1002/art.42788
https://doi.org/10.1038/s41584-022-00761-z
https://doi.org/10.1038/s41584-021-00726-8
https://doi.org/10.3389/fimmu.2021.623725
https://doi.org/10.3389/fimmu.2021.623725
https://doi.org/10.1007/s10238-022-00954-6
https://doi.org/10.1007/s10238-022-00954-6
https://doi.org/10.1007/s10792-021-01763-8
https://doi.org/10.1681/ASN.0000000000000152
https://doi.org/10.1681/ASN.0000000000000152
https://doi.org/10.3389/fimmu.2025.1673970
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Comparative risk of uveitis with Janus kinase inhibitors versus tumor necrosis factor inhibitors in ankylosing spondylitis and psoriatic diseases: a target trial emulation study
	1 Introduction
	2 Methods
	2.1 Participants
	2.2 Exposure
	2.3 Outcome
	2.4 Covariate
	2.5 Statistical analysis
	2.6 Sensitivity analyses

	3 Results
	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


