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Abstract
To compare the preventive effect of tumor necrosis factor (TNF) inhibitors (anti-TNF antibody and soluble TNF receptor fusion
protein (TNFR)) and nonsteroidal anti-inflammatory drugs (NSAIDs) on uveitis in patients with ankylosing spondylitis (AS).
This retrospective cohort study included all AS patients (n = 1055) who have been treated with either TNF inhibitor or NSAIDs at
the Seoul National University Hospital from 2004 to 2016. Treatment episodes of each patient were assigned to anti-TNF
antibody (n = 517), TNFR (n = 341), and NSAID (n = 704) groups. The incidence of uveitis in each group was compared using
a Cox proportional hazardmodel. The incidence rates of uveitis before and after initiation of TNF inhibitors were also assessed. A
propensity score-matched (PSM) comparison was performed for a sensitivity analysis. Uveitis was significantly less common in
the anti-TNF antibody group than the NSAID group (adjusted hazard ratio (HR) 0.53; 95% confidence interval (CI) 0.29–0.96)
while it was higher in the TNFR group (adjusted HR 2.25, 95% CI 1.43–3.53). Anti-TNF antibody further reduced the incidence
of uveitis when prescribed with NSAIDs (combination therapy) (adjusted HR 0.39; 95% CI 0.19–0.79). Combination therapy
was preventive in AS patients with a history of uveitis (adjusted HR 0.31; 95% CI 0.12–0.81), but not in those without history of
uveitis. The incidence rate of uveitis fell from 6.36 to 2.60 per 100 person-years when anti-TNF antibody was added to NSAIDs.
Anti-TNF antibody plus NSAIDs reduces the risk of uveitis to a greater extent than NSAIDs alone in AS patients with a history of
uveitis. Combination therapy may be an effective secondary prevention measure.
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Introduction

Uveitis is a representative extra-articular manifestation of an-
kylosing spondylitis (AS) that can occur at any time during the
disease course, or even before a diagnosis of AS [1]. Uveitis
usually presents as an acute anterior form that affects the iris or
the ciliary body and lasts for less than 3 months [2]. It is
known to be more likely to occur in patients with AS who
are male, are human leukocyte antigen B27 (HLA-B27) pos-
itive, or had previous uveitis [3–5]. Smokers were found to be
at higher risk for infectious uveitis, but not for HLA-B27-
associated uveitis [6]. Unfortunately, AS-related uveitis is
common [7, 8] and can lead to ocular complications such as
cataract, intraocular pressure-related problems, and visual im-
pairment, ultimately reducing both vision and health-related
quality of life [9, 10]. Therefore, prevention of uveitis in
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patients with AS, particularly those suffering recurrent attack,
is of paramount importance.

A small, single retrospective study showed that nonste-
roidal anti-inflammatory drugs (NSAIDs), a first-line ther-
apy for AS [11, 12], reduce recurrence of acute anterior
uveitis [13]. Tumor necrosis factor (TNF) inhibitors have
been shown to be effective in reducing axial symptoms and
are well tolerated in patients with AS, despite increased risk
of latent tuberculosis reactivation and opportunistic infec-
tions [14, 15]. The anti-TNF antibodies are associated with
a greater risk of infections than the chimeric soluble TNF
receptor fusion protein (TNFR) [15]. Recently, several tri-
als also examined the efficacy of TNF inhibitors for treating
the extra-articular features of AS, including uveitis. They
showed that anti-TNF antibodies, including infliximab and
adalimumab, are more effective at preventing recurrence of
uveitis than TNFR, etanercept [16–20].

However, there are no evidence-based guidelines for the
management of extra-articular manifestations such as uveitis
in AS patients. Also, no study has compared the efficacy of
TNF inhibitors and NSAIDs for preventing recurrent uveitis
in patients with AS. In this study, we evaluated the preventive
effects of TNF inhibitors on uveitis in a cohort of AS patients
compared to NSAIDs, to provide evidence for optimal man-
agement of recurrent uveitis.

Materials and methods

Patients and data collection

All of the patients with AS (n = 1055), who received at
least one of medications at the Seoul National University
Hospital from January 2004 through December 2016, were
enrolled. A diagnosis of AS was based on the 1984 mod-
ified New York criteria [21]. The patients started with
NSAIDs and could be switched to TNF inhibitors if they
showed high disease activity (Bath Ankylosing Spondylitis
Disease Activity Index [BASDAI] ≥ 4) despite treatment
with NSAIDs for more than 3 months. Otherwise,
NSAID treatment was maintained. Demographic informa-
tion, including gender; age at the time of symptom onset;
symptom duration; history of uveitis before treatment;
smoking status; detailed treatment history including the
use of NSAIDs, TNF inhibitors, and concomitant medica-
tions such as methotrexate (MTX), sulfasalazine, or sys-
temic glucocorticoids; human leukocyte antigen B27
(HLA-B27) status; baseline erythrocyte sedimentation rate
(ESR); and C-reactive protein (CRP) levels at the time of
diagnosis, was collected from electronic medical records.
The index of NSAID intake (NSAID index) was calculated
based on dose, regimen, and prescription duration as rec-
ommended by the Assessment of SpondyloArthritis

International Society (ASAS) [22]. The NSAID index <
50 was defined as low-dose NSAID and ≥ 50 as high-dose
NSAID [23]. The exposure of TNF inhibitor was also
quantified by calculating TNF inhibitor index as (actual
prescribed dose / standard dose) × (standard dosing
interval / actual dosing interval) × 100 [24]. Data was
followed up until 31 December 2016. The study was ap-
proved by the institutional review board of the Seoul
National University Hospital [IRB No. H-1607-111-777]
and was conducted in accordance with the principles of
the Declaration of Helsinki and Good Clinical Practice
guidelines. Informed consent was waived due to the retro-
spective nature of the study.

Study design and outcomes

This study is a single-center retrospective cohort study on
patients with AS. The primary objective of the study was to
compare occurrence of uveitis in AS patients receiving
TNF inhibitors and NSAIDs. The TNF inhibitor group
was subdivided into an anti-TNF antibody group
(adalimumab, infliximab, or golimumab) and TNFR group
(etanercept). Since uveitis was significantly more common
in the latter (Online Resource 1), following analysis was
focused on the anti-TNF antibody group. NSAIDs included
a selective cyclo-oxygenase-2 (COX-2) inhibitor
(celecoxib) and non-selective COX inhibitors (aceclofenac,
naproxen, meloxicam, indomethacin, diclofenac, morni
flumate, nabumetone, etodolac, and piroxicam).

To reflect different treatments in one patient, analysis
was based on Btreatment episode.^ Different variants of
anti-TNF antibody were regarded as an anti-TNF antibody
group and different types of NSAIDs were regarded as an
NSAID group. The observation period for one treatment
episode ran from the start of the intervention with one type
of treatment to the occurrence of uveitis, discontinuation or
change of treatment, death or loss of follow-up, or the right
truncation, whichever came first.

The primary outcome was occurrence of uveitis during
the treatment episodes. Uveitis event was defined as acute
uveitis characterized by sudden onset and limited duration
of 3 months or less, according to the standardized nomen-
clature for uveitis [25]. Uveitis was diagnosed when there
were characteristic symptoms of uveitis and inflammatory
cells were identified in anterior chamber with slit lamp mi-
croscopy by an ophthalmologist. A uveitis diagnosed out-
side the Seoul National University Hospital was also in-
cluded if the diagnosis was made by an ophthalmologist.
The uveitis with relapse in less than 3 months was regarded
as a single event [25]. We compared the incidences of uve-
itis among the different treatments.

Subgroup analysis was performed according to the his-
tory of uveitis before treatment. To identify additive effects
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of TNF inhibitors plus NSAIDs, the effect of combination
therapy (anti-TNF antibody + NSAIDs) was evaluated.
Dose response was also evaluated according to combined
NSAID index. To overcome differences in the baseline
characteristics of individuals in each treatment group, the
incidence rate of uveitis during TNF inhibitor treatment
was compared with that during NSAIDs treatment in a sub-
group of AS patients who started treatment with TNF in-
hibitors after NSAID treatment. Propensity score-matched
(PSM) analysis was also performed between treatment with
TNF inhibitors and NSAIDs as a sensitivity analysis.

Statistical analysis

Baseline characteristics of two treatment groups were com-
pared using Student’s t test (continuous variables) or the
Chi-square or Fisher’s exact tests (categorical variables).
A Cox proportional hazard model was used to compare
the hazard ratio (HR) with its 95% confidence interval
(CI) for occurrence of uveitis during treatment episode with
TNF inhibitors (anti-TNF antibody or TNFR) or NSAIDs.
A crude HR and an adjusted HR (which reflected gender,
age at the time of symptom onset, history of uveitis, HLA-
B27 status, and baseline ESR) were calculated. Time-by-
covariate interactions were used to test the proportional
hazard assumption and restricted cubic spline functions to
test the linear relationship between continuous variables.
The robust sandwich covariance estimate was applied to
adjust for the clustering effect of each individual during
different treatment episodes in all analyses using treatment
episodes.

The Cox proportional hazard regression model was
then used to analyze subgroups according to a history of
uveitis at the time of enrolment. The same analysis was
performed to compare occurrence of uveitis in the TNF
inhibitor combination therapy (anti-TNF antibody +
NSAIDs or TNFR + NSAIDs) and NSAID monotherapy
groups. For longitudinal comparison, the incidence rate
(IR) was calculated per 100 patient-years as the number
of incident uveitis events divided by total patient-years of
follow-up for each treatment (NSAIDs or TNF inhibitor).
Poisson regression was used to calculate incidence rate
ratio (IRR) and its 95% CI.

1:1 propensity score matching was performed in the
three groups (all treatment episodes, treatment episodes
of patients with or without a history of uveitis) and stan-
dardized difference was used for comparison between the
PSM NSAID and PSM anti-TNF antibody groups. All sta-
tistical analyses were performed using SPSS version 22.0
(IBM SPSS statistical software) and SAS version 9.4 (SAS
Institute, Cary, NC). P < 0.05 was considered statistically
significant.

Results

Patient characteristics

The baseline characteristics of the study population are
summarized in Table 1. Among 1055 patients with AS,
620 were treated with NSAIDs only, while 435 patients
changed to TNF inhibitors during the observation period.
The mean treatment episode duration was 2.7 ± 2.6 years
and mean follow-up duration for one patient was 4.3 ±
3.2 years. The percentage of HLA-B27-positive patients
in both groups was similar. However, patients in the TNF
inhibitor group had higher ESR and CRP levels at the time
point of AS diagnosis (P < 0.001 for both). TNF inhibitor
group also contained a higher percentage of patients with a
history of uveitis before treatment (22.3 versus 15.3%; P =
0.004).

The 435 patients receiving TNF inhibitors experienced a
total 858 treatment episodes: 517 (60.3%) treatment episodes
belonged to the anti-TNF antibody group and 341 (39.7%) to
the TNF receptor group (Table 2). The anti-TNF antibody
group showed higher ESR and CRP levels than the NSAID
group as the whole TNF inhibitor group. (P < 0.001 for both),
but not the proportion of patients with a history of uveitis
before treatment (P = 0.07).

Exposure to NSAIDs and TNF inhibitors

The mean NSAID index over treatment episode was 66.9
± 31.6 in the NSAID group. NSAID was also used con-
comitantly with TNF inhibitors during 72.5% (375/517)
and 72.4% (247/341) of treatment episodes in the anti-
TNF antibody group and TNFR group, respectively. The
mean concomitant NSAID index over treatment episodes
was 32.3 ± 37.3 for the anti-TNF antibody group and 33.0
± 35.9 for the TNF receptor group. Among the anti-TNF
antibody group, adalimumab was most commonly used
(319/517, 61.7%), followed by infliximab (144/517,
27.9%) and golimumab (54/517, 10.4%). The mean TNF
inhibitor index over treatment episode was 89.0 ± 16.9 in
the anti-TNF antibody group, and the standard dose was
maintained in 311 (60.2%) treatment episodes.

Incidence of uveitis during treatment with TNF
inhibitors versus NSAIDs

Uveitis occurred in 13.1% (92/704) of treatment episodes
with NSAIDs, in 12.6% (65/517) with anti-TNF antibody,
and in 30.5% (104/341) with TNFR treatment during the
total follow-up. Since the occurrence of uveitis was signif-
icantly higher during TNFR treatment (Online Resource 1),
we focused on anti-TNF antibody treatment in the follow-
ing analyses.
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Compared with NSAID treatment, the risk of uveitis was
significantly lower during anti-TNF antibody treatment

(adjusted HR 0.53, 95% CI 0.29–0.96) (Table 3). When the
treatment episodes were stratified by history of uveitis before

Table 1 Baseline characteristics
of the study population Total patients

(n = 1055)

NSAID group

(n = 620)

TNF inhibitor group

(n = 435)

P value

Male, n (%) 484 (78.1) 350 (80.5) 0.35

Age at symptom onset, years 27.2 (11.0) 29.0 (13.1) 0.03

Symptom duration, years 4.0 (6.0) 3.7 (7.0) 0.38

History of uveitis, n (%) 95 (15.3) 97 (22.3) 0.004

Ever smoking, n (%) 129 (20.8) 100 (25.6) < 0.001

ESR, mm/h 23.3 (22.1) 41.1 (33.9) < 0.001

CRP, mg/dL 1.1 (1.9) 2.7 (3.4) < 0.001

HLA-B27 positivity, n (%) 521 (84.2) 373 (91.0) 0.09

Concomitant medications

NSAID, n (%) 620 (100.0) 369 (84.8) –

Sulfasalazine, n (%) 231 (37.1) 52 (11.9) < 0.001

MTX, n (%) 40 (6.4) 102 (23.3) < 0.001

Systemic glucocorticoid, n (%) 145 (23.3) 76 (17.4) < 0.001

Values in table are mean (SD) or n (%)

NSAIDs, nonsteroidal anti-inflammatory drugs; TNF, tumor necrosis factor; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein; HLA-B27, human leukocyte antigen-B27; MTX, methotrexate

Table 2 Baseline characteristics
of the study population according
to treatment episode

Total treatment episodes,
n = 1562

(n = number of
treatment episodes)

NSAID
group

(n = 704)

Anti-TNF antibody
group

(n = 517)

TNF receptor
group

(n = 341)

P
value*

Male, n (%) 539 (76.6) 420 (81.2) 278 (81.5) 0.26

Age at symptom onset, years 27.4 (11.1) 26.9 (12.3) 29.7 (13.1) 0.06

Symptom duration, years 4.5 (6.6) 2.8 (4.1) 3.3 (6.6) 0.001

History of uveitis, n (%) 151 (21.4) 156 (30.2) 99 (29.0) 0.07

Ever smoking, n (%) 146 (20.7) 142 (33.2) 88 (30.9) 0.003

ESR, mm/h 24.2 (22.9) 40.6 (32.9) 45.1 (35.6) < 0.001

CRP, mg/dL 1.2 (1.9) 2.6 (3.2) 3.0 (3.7) < 0.001

HLA-B27 positivity, n (%) 602 (88.8) 450 (91.1) 306 (93.0) 0.19

TNF inhibitor use, n (%)

Etanercept 0 (0.0) 0 (0.0) 341 (100) –

Adalimumab 0 (0.0) 319 (61.7) 0 (0.0) –

Infliximab 0 (0.0) 144 (27.9) 0 (0.0) –

Golimumab 0 (0.0) 54 (10.4) 0 (0.0) –

Concomitant medications

NSAID, n (%) 704 (100.0) 375 (72.5) 247 (72.4) –

Sulfasalazine, n (%) 244 (34.7) 34 (6.6) 18 (5.3) < 0.001

MTX, n (%) 49 (7.0) 59 (11.4) 21 (6.2) 0.04

Systemic glucocorticoid, n (%) 169 (24.0) 200 (38.7) 168 (49.3) < 0.001

Values in table are mean (SD) or n (%)

*P values for the comparison between NSAID group and anti-TNF antibody group, calculated using robust
sandwich covariance estimate

NSAIDs, nonsteroidal anti-inflammatory drugs; TNF, tumor necrosis factor; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein; HLA-B27, human leukocyte antigen-B27; MTX, methotrexate
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treatment, the preventive effect of anti-TNF antibody versus
NSAIDs persisted for patients with a history of uveitis (ad-
justed HR 0.43, 95% CI 0.19–0.96), but disappeared in pa-
tients without history of uveitis (adjusted HR 0.84, 95% CI
0.41–1.76) (Table 3).

Combination treatment with anti-TNF antibody
and NSAIDs

As patients with AS often use anti-TNF antibodies alongside
NSAIDs, we compared the effect of combination therapy (an-
ti-TNF antibody + NSAIDs) with that of NSAID monothera-
py. Combination therapy resulted in 61% reduction in the risk
of uveitis compared with NSAID monotherapy (adjusted HR
0.39, 95% CI 0.19–0.79) (Table 3). In addition, the preventive
effect of combination therapy persisted in AS patients with a
history of uveitis, resulting in 69% reduction in the risk of
uveitis versus NSAID monotherapy (adjusted HR 0.31, 95%
CI 0.12–0.81) (Table 3). Of note, there was no difference in
the preventive effect on uveitis between anti-TNF antibody
and NSAIDs in patients without history of uveitis, and this
finding was true irrespective of whether anti-TNF antibody
treatment was given alongside NSAIDs or not.

The effect of combination therapy was more prominent
when high-dose NSAIDs were combined. The risk of uveitis
during combination therapy with a high-dose NSAIDs plus an
anti-TNF antibody was lower than that during combination
therapy with a low-dose NSAIDs plus an anti-TNF antibody
(adjusted HR 0.32, 95% CI 0.14–0.76 versus 0.51, 95% CI
0.28–0.92) (Table 4).

Even though the proportion of treatment episodes using
sulfasalazine concomitantly was higher in the NSAID group
than the anti-TNF antibody group, the preventive effect of
combination therapy persisted in those without concomitant
sulfasalazine (adjusted HR 0.55, 95% CI 0.32–0.93).

Incidence rates of uveitis after a change of treatment
from NSAID to anti-TNF antibody

Overall, 390 patients in the TNF inhibitor group (and whose
history of uveitis was ascertained in detail during NSAID
treatment) took NSAIDs before the use of TNF inhibitors.
Among these, 211 patients had received anti-TNF antibodies,
but not TNF receptor. The incidence rate of uveitis in these
211 patients fell significantly by 46% after introduction of an
anti-TNF antibody (IRR 0.54; 95% CI 0.34–0.84) (Fig. 1).

Table 3 Hazard ratios for uveitis in AS patients with anti-TNF antibody and/or NSAIDs

Medications All treatment episodes Treatment episodes in patients
with a history of uveitis*

Treatment episodes in patients
without history of uveitis†

Unadjusted HR
(95% CI)

Adjusted HR‡

(95% CI)
Unadjusted HR

(95% CI)
Adjusted HR§

(95% CI)
Unadjusted HR

(95% CI)
Adjusted HR

(95% CI)

Total treatment episodes (n = 1221)

NSAID group (n = 704) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Anti-TNF antibody group (n = 517) 1.16
(0.76–1.76)

0.53
(0.29–0.96)

0.54
(0.35–0.84)

0.43
(0.19–0.96)

1.90
(0.90–3.83)

0.84
(0.41–1.76)

Anti-TNF antibody monotherapy
(n = 134)

1.54
(0.82–2.74)

1.11
(0.51–2.32)

0.998
(0.53–1.89)

0.93
(0.33–2.66)

1.90
(0.75–4.83)

1.63
(0.66–4.06)

Combination of NSAIDs and
anti-TNF antibody (n = 383)

1.07
(0.67–1.71)

0.39
(0.19–0.79)

0.46
(0.28–0.76)

0.31
(0.12–0.81)

1.84
(0.83–4.10)

0.63
(0.26–1.54)

PSM-matched treatment episodes (n = 432)

NSAID group (n = 216) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Anti-TNF antibody group (n = 216) 0.73
(0.42–1.30)

0.65
(0.36–1.15)

0.33
(0.15–0.72)

0.26
(0.11–0.61)

1.27
(0.46–3.46)

1.26
(0.44–3.60)

Anti-TNF antibody monotherapy
(n = 56)

1.58
(0.69–3.59)

1.51
(0.64–3.55)

0.82
(0.24–2.78)

0.66
(0.18–2.52)

3.06
(0.79–11.90)

3.63
(0.25–14.77)

Combination of NSAIDs and
anti-TNF antibody (n = 160)

0.56
(0.29–1.09)

0.49
(0.25–0.96)

0.25
(0.10–0.64)

0.20
(0.08–0.53)

0.88
(0.26–3.02)

0.84
(0.25–2.90)

*NSAID group (n = 151), anti-TNF antibody group (n = 156), anti-TNF antibody monotherapy (n = 37), and combination of NSAIDs and anti-TNF
antibody (n = 119) in total treatment episodes. NSAID group (n = 46), anti-TNF antibody group (n = 46), anti-TNF antibody monotherapy (n = 11), and
combination of NSAIDs and anti-TNF antibody (n = 35) in PSM-matched treatment episodes
†NSAID group (n = 553), anti-TNF antibody group (n = 361), anti-TNF antibody monotherapy (n = 97), and combination of NSAIDs and anti-TNF
antibody (n = 264) in total treatment episodes. NSAID group (n = 177), anti-TNF antibody group (n = 177), anti-TNF antibody monotherapy (n = 45),
and combination of NSAIDs and anti-TNF antibody (n = 132) in PSM-matched treatment episodes
‡Adjusted for gender, age at the time of symptom onset, history of uveitis, HLA-B27 status, and baseline ESR level
§ Adjusted for gender, age at the time of symptom onset, HLA-B27 status, and baseline ESR level

AS, ankylosing spondylitis; NSAIDs, nonsteroidal anti-inflammatory drugs; TNF, tumor necrosis factor; PSM, propensity score matching
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The incidence rate of uveitis fell even further after switching
to combination therapy fromNSAIDmonotherapy (IRR 0.41;
95% CI 0.23–0.68) (Fig. 1). This effect of combination ther-
apy persisted in a subgroup of patients with a history of uveitis
(IRR 0.44; 95% CI 0.27–0.68).

PSM analyses

PSM analysis was performed after adjusting for gender, age at
the time of symptom onset, symptom duration, history of uve-
itis, HLA-B27 status, smoking status, baseline ESR, and CRP,

and there were 216 PSM treatment episodes in each NSAID
and anti-TNF antibody treatment group (Online Resource 3).
The result of PSM in terms of primary outcome was consistent
with the results of our primary comparison of data from
NSAID and anti-TNF antibody treatment. The Cox propor-
tional hazardmodel revealed that the combination of anti-TNF
antibody and NSAID group showed a 51% reduction in the
incidence of uveitis when compared with the PSM NSAID
group (Table 3). Of note, combination therapy reduced the
risk of uveitis to a greater extent than NSAIDs in a subgroup
of patients with a history of uveitis (Table 3).

Table 4 Hazard ratios for uveitis in AS patients with combination therapy of anti-TNF antibody and NSAIDs, according to dose of concomitant
NSAIDs

Medications All treatment
episodes

Treatment episodes in patients
with a history of uveitis*

Treatment episodes in patients
without history of uveitis†

Adjusted HR‡ (95% CI) Adjusted HR§ (95% CI) Adjusted HR (95% CI)

NSAIDs (n = 704) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Anti-TNF antibody monotherapy (n = 134) 1.11 (0.51–2.32) 0.93 (0.33–2.66) 1.63 (0.66–4.06)

Combination of low-dose NSAIDs and
anti-TNF antibody (n = 232)

0.51 (0.28–0.92) 0.44 (0.22–0.89) 0.65 (0.23–1.88)

Combination of high-dose NSAIDs and
anti-TNF antibody (n = 149)

0.32 (0.14–0.76) 0.27 (0.09–0.76) 0.59 (0.14–2.61)

*NSAID group (n = 151), anti-TNF antibody monotherapy (n = 37), combination of low-dose NSAIDs and anti-TNF antibody (n = 64), and combina-
tion of high-dose NSAIDs and anti-TNF antibody (n = 55)
†NSAID group (n = 553), anti-TNF antibody monotherapy (n = 97), combination of low-dose NSAIDs and anti-TNF antibody (n = 168), and combi-
nation of high-dose NSAIDs and anti-TNF antibody (n = 94)
‡Adjusted for gender, age at the time of symptom onset, history of uveitis, HLA-B27 status, and baseline ESR level
§ Adjusted for gender, age at the time of symptom onset, HLA-B27 status, and baseline ESR level

AS, ankylosing spondylitis; NSAIDs, nonsteroidal anti-inflammatory drugs; TNF, tumor necrosis factor

Fig. 1 Incidence rates of uveitis
during NSAID treatment before
anti-TNF antibody start and
during anti-TNF antibody
treatment in AS patients who
received anti-TNF antibody
monotherapy or combination
therapy (a) and combination
therapy only (b). Anti-TNFAb,
anti-tumor necrosis factor
antibody; TNFi, tumor necrosis
factor inhibitor; NSAIDs,
nonsteroidal anti-inflammatory
drugs
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Discussion

Here, we showed that anti-TNF antibody was more effective
than NSAIDs alone at suppressing uveitis attacks in patients
with AS. The preventive effect was greatest when patients
received a combination of anti-TNF antibody plus NSAIDs.
The preventive effect of combination therapy persisted in AS
patients with a history of uveitis, but not in patients without a
history of uveitis. To the best of our knowledge, this is the
first study to compare the ability of anti-TNF antibodies and
NSAIDs to prevent uveitis in patients with AS.

Uveitis is the most common extra-articular manifestation of
AS, irrespective of whether AS is HLA-B27-related or not [2]. It
occurs in about 25% of patients and recurs frequently [1].
Sometimes, recurrent uveitis is a more annoying clinical problem
than inflammatory back pain, leading to visual loss in patients
with physical and mobility impairment. NSAIDs, sulfasalazine,
or methotrexate reduces occurrence of uveitis in patients with AS
[26–28], and recent studies showed similar effects for different
TNF inhibitors on uveitis [4, 16–18]; however, optimal strategy
to prevent recurrence of uveitis remains to be known.

Here, we found that TNFR (etanercept) was no better at
preventing uveitis than anti-TNF antibody, which is con-
sistent with other reports [18–20, 29, 30]. One possible
explanation for this is that upregulation of the ability of T
cells to produce TNFα via etanercept-induced counter-reg-
ulatory mechanism prevents apoptosis of inflammatory
cells [31]. Another possible reason is that etanercept binds
TNF and prevents its clearance from the eye [29, 32].
Therefore, a cautious approach is recommended when
using soluble TNF receptor fusion protein to treat AS pa-
tients at risk of uveitis.

Anti-TNF antibody was significantly better than NSAIDs at
prevention of uveitis; indeed, risk of uveitis reduced by 47%
with anti-TNF antibody compared with NSAIDs. Anti-TNF
antibodies are supposed to be effective because TNFα is a
key inflammatory mediator responsible for the development
of uveitis. TNFα levels in the serum and aqueous humor of
patient with uveitis are elevated and correlate with disease
activity of AS [33–35]. The greatest preventive effects were
observed with combination treatment of anti-TNF antibody
plus NSAIDs rather than with anti-TNF antibody alone.
When high-dose NSAIDs were used alongside an anti-TNF
antibody, protection was more pronounced. Consistent with
our results, Gensler et al. reported that radiologic progression
among AS patients who took TNF inhibitors plus high-dose
NSAIDs was slower than that in patients taking TNF inhibitors
alone (adjusted OR = 0.17, 95%CI 0.05–0.55, P = 0.003) [36].

Combination treatment with anti-TNF antibody plus
NSAIDs effectively prevented uveitis in AS patients with a
history of uveitis while there was no significant effect in pa-
tients without history of uveitis. The results suggest that com-
bination therapy with an anti-TNF antibody plus NSAIDs is an

optimal strategy for secondary prevention of uveitis, while
NSAID therapy alone may be sufficient for primary prevention.

This study has several limitations due to its retrospective
nature. First, a history of NSAID and TNF inhibitor treatment
was solely based on medical records. Therefore, patient com-
pliance cannot be measured. Second, episodes of uveitis were
ascertained by review of hospital medical records; therefore,
some cases could be missed if they were treated at another
hospital. However, such cases were rare and, furthermore, the
incidence rate of uveitis observed herein was very similar to that
in the Swedish biologics register data [20]. Third, there was an
imbalance between the baseline clinical characteristics of pa-
tients receiving TNF inhibitors and those receiving NSAIDs,
which is an inherent limitation of a retrospective study.
However, PSM analysis also showed that anti-TNF antibody
treatment was effective. Furthermore, the effect of anti-TNF
antibody was also observed in a longitudinal cohort in which
NSAID therapy was switched to anti-TNF antibodies, suggest-
ing that the results are valid even in balanced population be-
tween anti-TNF antibody andNSAIDs. Despite the consistency
of the results, hidden confounder problems can be clearly ad-
dressed only by a randomized prospective study.

In conclusion, combination therapy with an anti-TNF anti-
body plus NSAIDs is more effective in reducing the risk of
uveitis in AS patients than NSAIDs alone. Combination thera-
py is recommended for AS patients who suffer recurrent uveitis.
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