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Abstract

Objective: To describe the incidence rates of inflammatory bowel disease (IBD) and tuberculosis (TB) in Korean patients with ankylosing
spondylitis receiving biologics.

Methods: Data from a Korean claims database between 2010 and 2021 was used to calculate crude incidence rates of TB and IBD using
number of events and total patient-years (PYs).

Results: Overall, 43643 and 43396 patients were included in TB and IBD cohorts, respectively. Exposure-adjusted incidence rates (EAIRs) of
TB for non-exposure, TNF inhibitors (TNFis), and IL-17 inhibitors (IL-17is) were 0.14, 0.25 and 0.12 and of IBD were 0.18, 0.19 and 0.44 per 100
PYs, respectively. Incidence rates during biologic DMARD (bDMARD) non-exposure, adalimumab, etanercept, golimumab, infliximab, secukinu-
mab and ixekizumab exposures for TB were 13.96, 27.79, 14.28, 21.19, 33.62, 12.74 and 0.00 and for IBD were 18.29, 19.98, 22.41, 18.85,
15.73, 44.99 and 0.00 per 10000 PYs, respectively. Compared with bDMARD non-exposure, adalimumab, golimumab and infliximab exposures
were associated with a significantly higher risk of TB. Etanercept and secukinumab exposure showed no significant increase in risk of TB.
Compared with bDMARD non-exposure, exposure to biologics did not show a significant difference in risk of IBD.

Conclusion: EAIRs of TB and IBD with use of IL-17is in patients with AS were within anticipated low range. IL-17is had numerically lower inci-
dence of TB, and numerically higher incidence of IBD compared with TNFis. Notably, secukinumab showed no increased risk of TB compared
with bDMARD non-exposure. Neither TNFis nor IL-17is showed increased risk of IBD compared with bDMARD non-exposure.
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Rheumatology key messages

* Exposure-adjusted incidence rates of TB and IBD with IL-17is in patients with ankylosing spondylitis were within anticipated low range.
® Secukinumab was not associated with the risk of incident TB compared with bDMARD non-exposure.

* Neither TNFis nor IL-17is showed an increased risk of IBD when compared with bDMARD non-exposure.

Introduction

Ankylosing spondylitis (AS) is a chronic immune-mediated
rheumatic disease characterized by inflammation and forma-
tion of new bone, predominantly affecting the axial skeleton
and sacroiliac joints [1, 2]. It has a profound impact on
patients’ health-related quality of life [3, 4] and is associated
with several comorbidities such as cardiovascular disease,
dyslipidaemia, osteoporosis, malignancies, pulmonary dis-
ease and depression [5].

Use of NSAIDs is recommended as the first-line treatment
in AS. Biologic DMARDs (bDMARD:s) including TNF inhib-
itors (TNFis) and IL-17 inhibitors (IL-17is) are recommended
when treatment with NSAIDs is inadequate [6-8].
bDMARD:s are associated with adverse events (AEs) that are
linked to their unique mechanism of action [9]. Moreover,
these drugs have the potential to be responsible for severe
AEs and uncommon, unpredictable AEs that are challenging
to identify during pre-marketing clinical trials [10].
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Post-marketing safety profiles of bDMARDs has been
well-evaluated using retrospective data from the registries
(11, 12].

Tuberculosis (TB) is an opportunistic infection occurring
in patients with autoimmune rheumatic diseases, such as AS.
The risk of latent TB reactivation or de novo TB cases is
increased in these patients treated with biologic agents
especially TNFis [13, 14]. This increased risk is due to cell-
mediated immune defects associated with inflammation and
the impact of TNFis on the structure of TB-related granulo-
mas. TNF-a plays an important role in the formation of gran-
ulomas that are crucial for containing bacterial spread in the
body. TNF-a is essential for activating macrophages and
recruiting immune cells to the granuloma. Granulomas dis-
solve in the absence of TNF-q, allowing re-growth and spread
of mycobacteria [15, 16]. Compared with TNFis, the mecha-
nism of action of IL-17is is more targeted, resulting in fewer
warnings and precautions in general. In patients who are at a
high risk for TB and hepatitis B virus infection, IL-17is have
been proven to be safer [17].

Korea has the second highest incidence of TB (39 per
100000 population) among member countries of the
Organization for Economic Co-operation and Development
[18]. A study from South Korea reported a high risk of TB in
patients with AS on TNFi therapy, with an incidence rate of
600.2 per 100 000 patient-years (PYs) [19].

Inflammatory bowel disease (IBD) is one of the common
extra-articular manifestations of AS [20]. Studies have
reported that patients with AS have a higher occurrence and
prevalence of IBD compared with the general population
21, 22].

For a long time, TNFis were the only biologic agents avail-
able for the treatment of AS in patients who fail NSAIDs.
The emergence of IL-17is and Janus kinase inhibitor (JAKi)
provides additional treatment options to these patients. As
might be expected, the biologics that are approved recently
have limited safety data, and there is a paucity of information
with respect to the long-term safety of biologics in AS apart
from TNFis [6]. The growing use of non-TNFi agents high-
lights the need for more real-life studies that would compare
the safety of TNFis and other biologics used in these patients.

In Korean patients with AS, over the past decade signifi-
cant clinical experience has been gained in the use of biologic
agents including secukinumab, a fully human anti-IL-17A
monoclonal antibody. It is imperative to have a comprehen-
sive understanding of the current status of biologic agents,
which includes assessing the long-term real-world safety out-
comes and monitoring the safety profile of special interest
(SPSI), especially IBD and TB. Using data from a national
claims database, the present study aimed to describe the inci-
dence rates of IBD and TB in patients with AS receiving bio-
logic agents (TNFis and IL-17is) during the study period.

Methods
Data source and study cohort

This retrospective nationwide cohort study used data ac-
quired from the national health service agency and Health
Insurance Review and Assessment (HIRA) Service database,
a Korean nationwide registry that includes information on
demographics, disease diagnoses and medical treatments, and
covers ~97% of South Korea’s population [23]. Patients di-
agnosed with AS and treated with biologic agents between

2010 and 2021 were selected from the database. The follow-
up period of the study cohort was from the diagnosis of AS to
December 2021 or the date of occurrence of TB or IBD,
whichever occurred first.

Outcomes and covariates

TB was defined as the International Classification of Diseases
(ICD)-10 codes A15-19 with prescription for at least two of
the first-line drugs for TB (isoniazid, rifampin/rifampicin,
pyrazinamide, ethambutol) [24]. IBD was defined as ICD-10
codes K50 and K51 [25].

The primary objective was to evaluate the exposure-
adjusted incidence rates (EAIRs) of SPSI for TNFis and IL-
17is and the incidence rates of SPSI for each individual bio-
logic agent during the study period in patients with AS from
the HIRA database. The secondary objective was to compre-
hensively assess and characterize the risk associated with the
use of TNFis and IL-17is within distinct subgroups stratified
by age, sex and comorbidities.

Comorbidities, such as hypertension, type 2 diabetes, dysli-
pidaemia, chronic kidney disease (CKD), psoriasis and uveitis,
were included as covariates. The definitions of the comorbid-
ities are as follows: hypertension: ICD-10 codes 110-113 and
I15 with prescriptions for antihypertensive agents; type 2 dia-
betes: ICD-10 codes E11-14 and at least one annual claim of
a prescription of anti-diabetic agents; dyslipidaemia: ICD-10
code E78 with prescriptions for lipid-lowering agents; and
CKD: ICD-10 code N18 or N19 [24, 26, 27]. The following
medications used during follow-up were assessed as covari-
ates: methotrexate, sulfasalazine, glucocorticoid, non-selective
NSAIDs and selective cyclooxygenase-2 inhibitors.

Statistical analyses

Patient characteristics are presented as means (s.p.) and num-
ber (%) for continuous and categorical variables, respec-
tively. The crude incidence rates during exposure to TNFis,
IL-17is, or none were calculated using the number of events
and total PYs for the primary outcomes. Time-dependent
Cox regression models were used. Hazard ratios (HRs) and
95% CI for incident primary outcomes were estimated com-
paring those who were exposed to TNFis vs non-exposed,
those who were exposed to IL-17is vs non-exposed, and those
who were exposed to IL-17is vs TNFis. Also, TNFis were fur-
ther categorized into receptor fusion protein (etanercept) and
monoclonal antibodies (adalimumab, golimumab and inflixi-
mab). HRs and 95% CI for incident primary outcomes were
additionally calculated comparing those who were exposed
to receptor fusion protein vs non-exposed, those who were
exposed to monoclonal antibodies vs non-exposed, and those
who were exposed to monoclonal antibodies vs receptor fu-
sion protein. Univariable models were performed followed by
multivariable models adjusted for age, sex, comorbidities and
medications. A P-value <0.05 was considered as significant.
Analyses were conducted using SAS version 9.4 (SAS
Institute, Cary, NC, USA) and R version 4.3.2 (R Foundation
for Statistical Computing, Vienna, Austria).

Ethics approval

This study was conducted in accordance with the principles
embodied in the Declaration of Helsinki and was approved
by the Institutional Review Board (IRB) of the Gangnam
Severance Hospital (IRB approval no.: 3-2022-0159), which
waived the requirement for the acquisition of informed
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consent from patients owing to the retrospective nature of
this study.

Results

A total of 71001 patients with AS were identified. Among
these patients, those who (i) were diagnosed with AS prior to
2010 (n=25943), (ii) were exposed to medication prior to
AS diagnosis (7 =758), (iii) had a history of TB (n=1355) or
IBD (n=69) prior to AS diagnosis, and (iv) developed TB
(n=602) or IBD (n=2835) within 3 months after being diag-
nosed with AS were subsequently excluded. The remaining
43643 and 43 396 patients comprised the TB and IBD study
cohort, respectively (Supplementary Figs S1 and S2, available
at Rheumatology online).

Patient characteristics and incidence rate of TB

Of the 43643 patients (mean age: 41.4[16.4] years; male:
70.7%) included in the TB study cohort, 43 643, 5674, 2614,
2670, 2150, 430 and 31 patients contributed PYs to
bDMARD non-exposure, adalimumab exposure, etanercept
exposure, golimumab exposure, infliximab exposure, secuki-
numab exposure and ixekizumab exposure, respectively
(Supplementary Fig. S1, available at Rheumatology online).
Table 1 presents the prevalence of comorbidities as well as
the medications used during the study period. Uveitis
(28.7%) was the most common comorbidity and non-
selective NSAIDs (91.3%) the most common concomitant
medication. The EAIRs of TB for non-exposure, TNFis and
IL-17is were 0.14, 0.25 and 0.12 per 100 PYs, respec-
tively (Table 2).

The incidence rates of TB during bDMARD non-exposure,
adalimumab exposure, etanercept exposure, golimumab ex-
posure, infliximab exposure, secukinumab exposure and ixe-
kizumab exposure were 13.96, 27.79, 14.28, 21.19, 33.62,
12.74 and 0.00 per 10 000 PYs, respectively (Table 3). As the
PYs of ixekizumab exposure was too short and no events oc-
curred during this short exposure duration, ixekizumab ex-
posure was excluded in the Cox models.

Risk of incident TB across different bDMARDs

Table 4 presents the HRs for incident TB according to
bDMARD exposure. Compared with bDMARD non-
exposure, adalimumab exposure (adjusted HR [aHR], 2.174;
95% CI: 1.613, 2.930; P<0.0001), golimumab exposure
(aHR, 2.296; 95% CI: 1.391, 3.788; P=0.0011) and inflixi-
mab exposure (aHR, 2.403; 95% CL: 1.647, 3.506;
P <0.0001) were associated with a significantly higher risk
of TB. On the other hand, etanercept exposure (aHR, 1.007;
95% CI: 0.585, 1.733) and secukinumab exposure (aHR,
1.531; 95% CI: 0.212, 11.039) showed no significant in-
crease in the risk of TB, compared with bDMARD
non-exposure.

When compared with etanercept exposure, adalimumab
exposure (aHR, 2.168; 95% CI: 1.205, 3.900; P=0.0098),
golimumab exposure (aHR, 2.134; 95% CI: 1.037, 4.392;
P=0.0396) and infliximab exposure (aHR, 2.430; 95% CI:
1.293, 4.568; P=0.0058) were associated with a signifi-
cantly higher risk of TB. Secukinumab exposure (aHR,
1.477; 95% CI: 0.190, 11.469) was not associated with a
higher risk of TB compared with etanercept exposure.

In the exploratory subgroup analyses, similar results were
observed across all subgroups except for subgroups stratified
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Table 1. Characteristics of the TB and IBD study population

TB (n=43643) IBD (n=43396)
Demographics
Age, mean (s.D.), years 41.4(16.4) 41.6 (16.5)
Male, 7 (%) 30839 (70.7) 30694 (70.7)
Comorbidities
Hypertension, 7 (%) 9061 (20.8) 9098 (21.0)
Type 2 diabetes, 7 (%) 3289 (7.5) 3339 (7.7)
Hyperlipidaemia, 7 (%) 7113 (16.3) 7101 (16.4)
CKD, 7 (%) 664 (1.5) 664 (1.5)
IBD, 7 (%) 1302 (3.0) —
Psoriasis, 7 (%) 2661 (6.1) 2640 (6.1)
Uveitis, 7 (%) 12504 (28.7) 12406 (28.6)
Medications
Methotrexate, 7 (%) 6820 (15.6) 6766 (15.6)
Sulfasalazine, 7 (%) 25434 (58.3) 25216 (58.1)
Glucocorticoids, 7 (%) 36159 (82.9) 35939 (82.8)
Nonselective NSAIDs, 72 (%) 39816 (91.3) 39675 (91.4)
Selective COX-2 22538 (51.6) 22347 (51.5)

inhibitors, 7 (%)

CKD: chronic kidney disease; COX-2: cyclooxygenase-2; IBD:
inflammatory bowel disease; TB: tuberculosis.

Table 2. EAIRs/100 patient-years for TB and IBD

Event Total patient-years EAIRs/100

patient-years

TB IBD TB IBD TB IBD

Non-exposure 251 325 179768.2 177686.4 0.14 0.18
TNFis 120 94 478574 482572 0.25 0.19
IL-17is 1 3 803.8 686.9 0.12 0.44

EAIR: exposure-adjusted incidence rate; IL-17is: IL-17 inhibitors; TNFis:
TNF inhibitors.

Table 3. Incidence rates of TB

Events Patient-years IR/10 000 patient-years
(95% CI)

Non-exposure 251 179768.2 13.96 (12.24,15.69)
Adalimumab 57 20512.4 27.79 (20.58, 34.99)
Etanercept 14 9802.9 14.28 (6.81,21.76)
Golimumab 17 8024.3 21.19 (11.13, 31.25)
Infliximab 32 9517.9 33.62(21.99,45.25)
Secukinumab 1 784.7 12.74 (-12.22,37.71)
Ixekizumab 0 19.1 0.00 (0.00, 0.00)

IR: incidence rate; TB: tuberculosis.

by CKD. The association between golimumab exposure (vs
bDMARD non-exposure) and higher risk of TB was more ro-
bust in patients with CKD than in those without CKD (P for
interaction =0.007) (Supplementary Fig. S3, available at
Rheumatology online).

Patient characteristics and incidence rate of IBD

Of the 43396 patients (mean age: 41.6[16.5] years; male:
70.7%) included in the IBD study cohort, 43396, 6110,
2990, 3063, 2313, 433 and 41 patients contributed PYs to
bDMARD non-exposure, adalimumab exposure, etanercept
exposure, golimumab exposure, infliximab exposure, secuki-
numab exposure and ixekizumab exposure, respectively
(Supplementary Fig. S2, available at Rheumatology online).
Table 1 presents the prevalence of comorbidities as well as
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Table 4. Risk of incident TB according to bDMARD exposure

Univariable model

Multivariable model

Unadjusted HR (95 % CI) P Adjusted HR? (95 % CI) P

bDMARD non-exposure vs

Adalimumab 2.097 (1.573, 2.797) <0.0001 2.174 (1.613, 2.930) <0.0001

Etanercept 1.040 (0.607, 1.782) 0.8857 1.007 (0.585, 1.733) 0.9798

Golimumab 2.189 (1.331, 3.600) 0.002 2.296 (1.391, 3.788) 0.0011

Infliximab 2.392 (1.656, 3.457) <0.0001 2.403 (1.647, 3.506) <0.0001

Secukinumab 1.830(0.255, 13.143) 0.5481 1.531(0.212, 11.039) 0.6728
Etanercept vs

Adalimumab 1.985 (1.106, 3.563) 0.0216 2.168 (1.205, 3.900) 0.0098

Golimumab 1.905 (0.928, 3.912) 0.0791 2.134(1.037,4.392) 0.0396

Infliximab 2.264 (1.208, 4.245) 0.0108 2.430(1.293,4.568) 0.0058

Secukinumab 1.726 (0.223, 13.336) 0.601 1.477(0.19, 11.469) 0.7092

* Adjusted for age, sex, hypertension, type 2 diabetes, hyperlipidaemia, CKD, IBD, psoriasis, uveitis, methotrexate, sulfasalazine, glucocorticoids, non-
selective NSAIDs and selective cyclooxygenase-2 inhibitors. BDMARD: biologic DMARD; CKD: chronic kidney disease; IBD: inflammatory bowel disease;

HR: hazard ratio; TB: tuberculosis.

the medications used during the study period. Uveitis
(28.6%) was the most common comorbidity, and non-
selective NSAIDs (91.4%) comprised the most common con-
comitant medication. The EAIRs of IBD for non-exposure,
TNFis and IL-17is were 0.18, 0.19 and 0.44 per 100 PYs, re-
spectively (Table 2).

The incidence rates of IBD during bDMARD
non-exposure, adalimumab exposure, etanercept exposure,
golimumab exposure, infliximab exposure, secukinumab ex-
posure and ixekizumab exposure were 18.29, 19.98, 22.41,
18.85, 15.73, 44.99 and 0.00 per 10000 PYs, respectively
(Table 5). The incidence rates of Crohn’s disease (CD) during
bDMARD non-exposure, adalimumab exposure, etanercept
exposure, golimumab exposure, infliximab exposure, secuki-
numab exposure and ixekizumab exposure were 6.00, 10.16,
9.14, 8.81, 6.68, 29.85 and 0.00 per 10 000 PYs, respectively
(Table 5). The incidence rates of ulcerative colitis (UC) during
bDMARD non-exposure, adalimumab exposure, etanercept
exposure, golimumab exposure, infliximab exposure, secuki-
numab exposure and ixekizumab exposure were 12.25, 9.69,
13.23, 9.97, 8.92, 14.98 and 0.00 per 10000 PYs, respec-
tively (Table 5). As the PYs of ixekizumab exposure was too
short and no events occurred during this short exposure dura-
tion, ixekizumab exposure was excluded in the Cox models.

Risk of incident IBD across different bDMARDs

Table 6 presents the HRs for incident IBD according to
bDMARD exposure. Compared with bDMARD non-
exposure, adalimumab exposure (aHR, 0.880; 95% CI:
0.632, 1.224), etanercept exposure (aHR, 1.001; 95% CI:
0.647, 1.547), golimumab exposure (aHR, 0.922; 95% CI:
0.564, 1.508), infliximab exposure (aHR, 0.692; 95% CI:
0.404, 1.186) and secukinumab exposure (aHR, 1.807; 95%
CI: 0.573, 5.698) did not show significant difference in the
risk of IBD. Similar results were observed when CD and UC
were analysed separately. When adalimumab exposure was
used as the comparator, etanercept exposure (aHR, 1.118;
95% CI: 0.665, 1.878), golimumab exposure (aHR, 0.932;
95% CI: 0.525, 1.657), infliximab exposure (aHR, 0.774;
95% CI: 0.421, 1.422) and secukinumab exposure (aHR,
2.061; 95% CI: 0.624, 6.814) showed no significant differ-
ence in risk of IBD. Similar results were observed when CD
and UC were analysed separately. In the exploratory sub-
group analyses, similar results were observed across all

Table 5. Incidence rates of IBD

Events  Patient-years  IR/10000 patient-years
(95% ClI)

IBD
Non-exposure 325 177 686.4 18.29 (16.30, 20.28)
Adalimumab 41 205221 19.98 (13.87,26.09)
Etanercept 22 9816.3 22.41 (13.06, 31.77)
Golimumab 17 9016.6 18.85(9.90, 27.81)
Infliximab 14 8902.2 15.73 (7.49, 23.96)
Secukinumab 3 666.8 44.99 (-5.81,95.79)
Ixekizumab 0 20.2 0.00 (0.00, 0.00)

CD
Non-exposure 107 178463.9 6.00 (4.86,7.13)
Adalimumab 21 20660.3 10.16 (5.82, 14.51)
Etanercept 9 9844.1 9.14 (3.17, 15.11)
Golimumab 8 9078.2 8.81(2.71,14.92)
Infliximab 6 8979.0 6.68 (1.34,12.03)
Secukinumab 2 670.1 29.85 (0.00, 71.15)
Ixekizumab 0 20.2 0.00 (0.00, 0.00)

ucC
Non-exposure 218 177 946.0 12.25 (10.63, 13.88)
Adalimumab 20 20648.0 9.69 (5.44,13.93)
Etanercept 13 9824.5 13.23 (6.04, 20.42)
Golimumab 9 9031.3 9.97 (3.46,16.47)
Infliximab 8 8964.1 8.92 (2.74,15.11)
Secukinumab 1 667.3 14.98 (-14.36,44.33)
Ixekizumab 0 20.2 0.00 (0.00, 0.00)

CD: Crohn’s disease; IBD: inflammatory bowel disease; IR: incidence rate;
UC: ulcerative colitis.

subgroups  (Supplementary  Fig. S4, available at

Rheumatology online).

Discussion

Our real-world study describes the long-term SPSI (TB and
IBD) in Korean patients with AS receiving biologic agents.
Overall, exposure of IL-17is was associated with numerically
lower incidence of TB and numerically higher incidence of
IBD compared with TNFi exposure. When looking at individ-
ual biologic agents, compared with bDMARD non-exposure,
adalimumab exposure, golimumab exposure and infliximab
exposure were associated with a higher risk of TB; con-
versely, etanercept and secukinumab exposures showed no
significant increase in the risk of TB. With etanercept expo-
sure as a comparator, adalimumab exposure, golimumab
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Table 6. Risk of incident IBD according to bDMARD exposure
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Univariable model

Multivariable model

Unadjusted HR (95 % CI) P Adjusted HR? (95% CI) P
IBD
bDMARD non-exposure vs
Adalimumab 1.100 (0.795, 1.523) 0.564 0.880 (0.632, 1.224) 0.447
Etanercept 1.237(0.803, 1.905) 0.335 1.001 (0.647, 1.547) 0.997
Golimumab 1.047 (0.642, 1.709) 0.853 0.922 (0.564, 1.508) 0.746
Infliximab 0.864 (0.506, 1.476) 0.593 0.692 (0.404, 1.186) 0.181
Secukinumab 2.485 (0.794, 7.784) 0.118 1.807 (0.573, 5.698) 0.312
Adalimumab vs
Etanercept 1.125 (0.670, 1.888) 0.657 1.118 (0.665, 1.878) 0.674
Golimumab 0.928 (0.525,1.642) 0.798 0.932 (0.525,1.657) 0.811
Infliximab 0.792 (0.431, 1.454) 0.451 0.774 (0.421, 1.422) 0.409
Secukinumab 2.071 (0.632, 6.779) 0.229 2.061 (0.624, 6.814) 0.236
CD
bDMARD non-exposure vs
Adalimumab 1.683 (1.054, 2.688) 0.029 1.389 (0.860, 2.245) 0.179
Etanercept 1.546 (0.783, 3.054) 0.210 1.295 (0.651, 2.576) 0.461
Golimumab 1.350 (0.656, 2.775) 0.415 1.192 (0.578,2.458) 0.635
Infliximab 1.123 (0.493, 2.556) 0.782 0.934 (0.408,2.142) 0.873
Secukinumab 4.416 (1.081,18.031) 0.039 3.345 (0.807,13.867) 0.096
Adalimumab vs
Etanercept 0.909 (0.416, 1.984) 0.810 0.897(0.410, 1.959) 0.784
Golimumab 0.819 (0.361, 1.858) 0.633 0.814 (0.356, 1.861) 0.625
Infliximab 0.669 (0.270, 1.659) 0.385 0.655(0.263,1.628) 0.362
Secukinumab 2.596 (0.597,11.288) 0.203 2.704 (0.612, 11.949) 0.190
UuC
bDMARD non-exposure vs
Adalimumab 0.803 (0.508, 1.270) 0.349 0.632 (0.398, 1.006) 0.053
Etanercept 1.088 (0.621, 1.904) 0.769 0.865(0.492,1.521) 0.615
Golimumab 0.878 (0.449,1.717) 0.704 0.772 (0.394, 1.512) 0.451
Infliximab 0.731 (0.361, 1.480) 0.384 0.573(0.282, 1.165) 0.124
Secukinumab 1.340 (0.187, 9.608) 0.771 0.954 (0.132, 6.881) 0.963
Adalimumab vs
Etanercept 1.361 (0.677,2.736) 0.388 1.367(0.679,2.752) 0.382
Golimumab 1.051 (0.474, 2.328) 0.903 1.072 (0.481, 2.389) 0.864
Infliximab 0.918 (0.404,2.087) 0.838 0.894 (0.393, 2.037) 0.790
Secukinumab 1.478 (0.195, 11.209) 0.706 1.406 (0.183, 10.779) 0.743

#  Adjusted for age, sex, psoriasis, uveitis, methotrexate, sulfasalazine, glucocorticoids, non-selective NSAIDs and selective cyclooxygenase-2 inhibitors.
bDMARD: biologic DMARDj; CD: Crohn’s disease; IBD: inflammatory bowel disease; HR: hazard ratio; UC: ulcerative colitis.

exposure and infliximab exposure were associated with a
higher risk of TB whereas secukinumab exposure was not as-
sociated with a higher risk of TB.

The results observed in this study were found to be similar
to previously reported findings. In a study from Korea in
patients (rheumatoid arthritis, AS, psoriatic arthritis and
IBD) receiving TNFis, Jung et al. reported that the incidence
of TB was higher in patients treated with infliximab (inci-
dence rate ratio [IRR], 6.8; 95% CI: 3.74, 12.37) and adali-
mumab (IRR, 3.45; 95% CI: 1.82, 6.55) when compared
with patients treated with etanercept as reference [28].
Another Korean study using the nationwide insurance claims
database of the HIRA Service in patients with AS receiving
TNFis reported that patients receiving infliximab showed a
significantly higher IRR of TB than those receiving etanercept
(IRR, 9.05; 95% CI: 1.10, 74.54) [29]. In a Brazilian study
among rheumatic disease patients, patients receiving adali-
mumab presented a higher risk for TB compared with etaner-
cept users (risk ratio [RR], 3.11; 95% CI: 1.16, 8.35) [30].

In a large, pooled cohort study from 28 clinical trials
(19 trials in psoriasis, five trials in psoriatic arthritis and four
trials in AS) of secukinumab involving 12319 patients, no
active cases of TB were reported as an AE for any indication

[31]. A recent pooled analysis that combined data from 47
clinical trials of secukinumab, including 30 trials in psoriasis,
nine in psoriatic arthritis, and eight in AS, which included a
total of 15 644 patients, with an overall exposure of 27765
PYs, reported that there were rare cases of mycobacterial
infections (RR, 0.03/100 PYs). The study also examined
post-marketing surveillance data, which encompassed a
much larger sample size of 1159260 PYs. During this period,
TB and latent TB infections (RR 0.02 and 0.008/100 PYs, re-
spectively) with secukinumab treatment were uncom-
mon [32].

A study reviewing the evidence for TB risk in patients with
autoimmune rheumatic diseases treated with JAKis or
bDMARDs, other than TNFis, based on randomized con-
trolled trials and long-term extension studies, reported that
the risk of TB was generally lower with the use of most of the
non-TNFi agents, when compared with TNFis. The study
also reported that the risk of de novo TB infection or reacti-
vation of latent TB was low with apremilast, ustekinumab,
secukinumab and rituximab treatment [13].

Evidence from real world data and clinical trials suggests
that patients treated with TNFis have an increased risk of
new TB infection or latent TB infection reactivation [33-36].
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In a recent retrospective, observational, multinational study
in patients with psoriasis and latent TB infection, IL-17 or IL-
23 inhibitors did not appear to have an increased risk of TB
reactivation and were recommended to be preferred over
TNFis especially when TB reactivation is a concern [35].

In the subgroup analysis, golimumab exposure was associ-
ated with a particularly higher risk of TB in patients with
CKD. Based on this finding, other biologic agents could be
preferable in patients with CKD in terms of TB risk.
However, further studies are needed to reveal the mechanism
underlying this finding.

The results for IBD from our study highlight that when
compared with bDMARD non-exposure, none of the bio-
logic agents showed significant difference in the risk of IBD.
Similarly, when adalimumab exposure was used as the com-
parator, other biologics showed no significant difference in
the risk of IBD. The association of TNFis and IBD has been
studied previously. The occurrence of new onset and flare of
IBD is found to be rare among patients with AS who are un-
dergoing anti-TNF therapy [37]. TNFis are used for the man-
agement of IBD and have resulted in notable advancements
in patient outcomes [38]. A study evaluating the incidence of
IBD AEs across 75 adalimumab trials reported that the inci-
dence of IBD was low across diseases. The rate of IBD events
occurring over 1 year of adalimumab exposure was 0.5 (95%
CIL: 0.1, 0.6)/100 PYs for AS [39]. In contrast, a large, real-
world study from the USA reported that patients with AS
who were treated with TNFis had higher incidence rates of
newly diagnosed IBD (HR, 2.0; including CD [HR, 2.45] and
UC [HR, 1.65]) compared with patients not treated with
TNFis [40]. The association between the usage of anti-TNF
treatments and the development of IBD has been described as
a paradoxical effect of these therapies as a possible explana-
tion [41].

Similarly, the association of IL-17is and IBD has also been
extensively studied. A large safety analysis (7 =7355; cumu-
lative exposure =162 260.9) across 21 clinical trials reported
that the occurrence of IBD events was infrequent in patients
undergoing treatment with secukinumab. Furthermore, the
observed EAIR of IBD did not increase over time [42]. In ad-
dition, in a comprehensive meta-analysis, which included
>19000 patients with an exposure of over 6 years undergo-
ing treatment for psoriasis, psoriatic arthritis, AS, or rheuma-
toid arthritis with secukinumab, ixekizumab or brodalumab,
no evidence was found to suggest an elevated risk of develop-
ing IBD among these patients [43].

A study using the US FDA Adverse Event Reporting
System database reported that IL-17is treatment is associated
with exacerbation and new onset of IBD and colitis [44]. The
incidence of CD with secukinumab was reported to be higher
than UC in our study. A previous study has reported similar
results. In an integrated analysis of pooled data from clinical
trials and post-marketing surveillance of secukinumab over a
5-year period, the incidence of CD was reported to be 0.4%,
while that of UC was 0.2% in patients with AS [45].
Secukinumab may be associated with the worsening of CD;
while the underlying cause and pathophysiological mecha-
nisms have not been fully outlined, blocking IL-17A might in-
terfere with its protective role in the intestine, which could be
a possible explanation [46]. Therefore, it is crucial to gather a
comprehensive patient history prior to initiating treatment
with IL-17is and to actively monitor gastrointestinal symp-
toms and intestinal inflammatory biomarkers throughout the

course of treatment. These measures are essential for ensuring
the safe and appropriate use of these biologics [44].

This study has certain limitations that warrant acknowl-
edgement. While we meticulously adjusted for covariates
influencing the selection of bDMARDSs within the multivari-
able model, it is imperative to recognize that this was a retro-
spective study, and the potential for confounding by
indication remains. Additionally, given the nature of utilizing
a claims database, intricate disease characteristics of AS, such
as the presence of peripheral symptoms of spondyloarthritis,
were not accessible. In addition, the diagnosis of IBD in our
study was based on ICD-10 codes and was not a histologi-
cally confirmed diagnosis. Furthermore, the differentiation
between pre-existing IBD and new-onset IBD was not feasi-
ble. Moreover, the duration of exposure to IL-17is was rela-
tively brief. Lastly, the study exclusively focused on Korean
patients, thus constraining the generalizability of our findings
to other ethnic groups. Consequently, there is a need for fur-
ther research encompassing prolonged IL-17i exposure dura-
tions and diverse ethnic populations to enhance the
comprehensiveness of our understanding.

In conclusion, this study shows that the EAIRs of TB and
IBD with the use of IL-17is in patients with AS were within
the anticipated low range. IL-17is showed numerically lower
incidence of TB, and numerically higher incidence of IBD
compared with TNFis. When compared with bDMARD non-
exposure, the risk of TB was significantly higher with TNFis
(adalimumab, golimumab and infliximab). Secukinumab was
not associated with the risk of incident TB when compared
with bDMARD non-exposure, highlighting that IL-17is did
not increase the EAIR for TB in patients with AS. In terms of
IBD, neither TNFis nor IL-17is showed increased risk when
compared with bDMARD non-exposure. Overall, these out-
comes confirm the favourable safety profile of secukinumab,
without increasing risk of TB or IBD, in managing patients
with AS. These data are reassuring and provide valuable in-
formation, which could inform treating physicians.

Supplementary material

Supplementary material is available at Rheumatology online.

Data availability

The datasets generated and/or analysed during the current
study are not publicly available. Novartis is committed to
sharing access to patient-level data and supporting clinical
documents from eligible studies with qualified external
researchers. These requests are reviewed and approved on the
basis of scientific merit. All data provided are anonymized to
respect the privacy of patients who have participated in the
trial in line with applicable laws and regulations. The data
may be requested from the corresponding author of the
manuscript.

Funding
This study was sponsored by Novartis Korea Ltd.
Disclosure statement: O.C.K., H.S.L., J.Y. and M.-C.P. have

no conflicts of interest to declare. T.P. and Y.L. are employ-
ees of Novartis Korea Ltd, Seoul, South Korea. H.]J. was an


https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaf038#supplementary-data

3524

employee of Novartis Korea Ltd, Seoul, South Korea until
the final stages of this manuscript development.

Acknowledgements
The authors thank Mansi Deshwal, Rajib Hazam Kishore

and Kshama

Chitnis (Novartis Healthcare Pvt Ltd,

Hyderabad, India) for providing editorial support and medi-
cal writing support, which was funded by Novartis Korea, in
accordance with the Good Publication Practice (GPP 2022)
guidelines (https://www.ismpp.org/gpp-2022).

References

1.

2.

10.

11.

12.

13.

14.

15.

Agrawal P, Tote S, Sapkale B. Diagnosis and treatment of ankylos-
ing spondylitis. Cureus 2024;16:¢52559.

Braun J, Sieper J. Ankylosing spondylitis.
369:1379-90.

Rosenbaum JT, Pisenti L, Park Y, Howard RA. Insight into the
quality of life of patients with ankylosing spondylitis: real-world
data from a US-based life impact survey. Rheumatol Ther 2019;
6:353-67.

Choi AR, Park KJ, Kang JH et al. The effectiveness of tumor necro-
sis factor-a blocker therapy in patients with axial spondyloarthritis
who failed conventional treatment: a comparative study focused
on improvement in ASAS Health Index. ] Rheum Dis 2024;
31:171-7.

Walsh JA, Song X, Kim G, Park Y. Evaluation of the comorbidity
burden in patients with ankylosing spondylitis using a large US ad-
ministrative claims data set. Clin Rheumatol 2018;37:1869-78.
Ramiro S, Nikiphorou E, Sepriano A et al. ASAS-EULAR recom-
mendations for the management of axial spondyloarthritis: 2022
update. Ann Rheum Dis 2023;82:19-34.

Seo MR, Yeo J, Park JW et al; Korean Society of
Spondyloarthritis Research. Korean treatment recommendations
for patients with axial spondyloarthritis. ] Rheum Dis 2023;
30:151-69.

Lancet 2007;

. Kwon OC, Park MC. Drug retention rate and factors associated

with discontinuation of interleukin-17 inhibitors in patients with
axial spondyloarthritis. Yonsei Med J 2023;64:697-704.
Cutroneo PM, Isgro V, Russo A et al. Safety profile of biological
medicines as compared with non-biologicals: an analysis of the
Italian spontaneous reporting system database. Drug Saf 2014;
37:961-70.

Barbieri MA, Cicala G, Cutroneo PM et al. Safety profile of biolog-
ics used in rheumatology: an Italian prospective pharmacovigi-
lance study. J Clin Med 2020;9:1227.

Sepriano A, Kerschbaumer A, Bergstra SA et al. Safety of synthetic
and biological DMARD:s: a systematic literature review informing
the 2022 update of the EULAR recommendations for the manage-
ment of rheumatoid arthritis. Ann Rheum Dis 2023;82:107-18.
Webers C, Ortolan A, Sepriano A et al. Efficacy and safety of bio-
logical DMARDs: a systematic literature review informing the
2022 update of the ASAS-EULAR recommendations for the man-
agement of axial spondyloarthritis. Ann Rheum Dis 2023;
82:130-41.

Evangelatos G, Koulouri V, Iliopoulos A, Fragoulis GE.
Tuberculosis and targeted synthetic or biologic DMARDs, beyond
tumor necrosis factor inhibitors. Ther Adv Musculoskelet Dis
2020;12:1759720x20930116.

Fragoulis GE, Constantinou CA, Sipsas NV, Hyrich KL, Nikiphorou
E. Tuberculosis in inflammatory arthritis: are biological therapies the
only culprits? Lancet Rheumatol 2019;1:¢138—¢40.

Solovic I, Sester M, Gomez-Reino JJ et al. The risk of tuberculosis
related to tumour necrosis factor antagonist therapies: a TBNET
consensus statement. Eur Respir ] 2010;36:1185-206.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Oh Chan Kwon et al.

Robert M, Miossec P. Reactivation of latent tuberculosis with
TNF inhibitors: critical role of the beta 2 chain of the IL-12 recep-
tor. Cell Mol Immunol 2021;18:1644-51.

Huang J, Zhang L, Wei JC. Interleukin-17 inhibitor, is it safer than
tumor necrosis factor inhibitor? Int ] Rheum Dis 2021;24:865-8.
Global tuberculosis report [Internet]. World Health Organization,
2023. https://www.who.int//news-room/fact-sheets/detail/tubercu
losis/?gad_source=1&gclid=EATalIQobChMI4M-vkPTthwMVEaRm
AhOLyQGIEAAYASAAEgIm0_D_BwE.

Kim HW, Park JK, Yang JA et al. Comparison of tuberculosis inci-
dence in ankylosing spondylitis and rheumatoid arthritis during
tumor necrosis factor inhibitor treatment in an intermediate bur-
den area. Clin Rheumatol 2014;33:1307-12.

Stolwijk C, van Tubergen A, Castillo-Ortiz JD, Boonen A.
Prevalence of extra-articular manifestations in patients with anky-
losing spondylitis: a systematic review and meta-analysis. Ann
Rheum Dis 2015;74:65-73.

Stolwijk C, Essers I, van Tubergen A et al. The epidemiology of
extra-articular manifestations in ankylosing spondylitis: a
population-based matched cohort study. Ann Rheum Dis 2015;
74:1373-8.

Wang S, Tsou HK, Chiou JY et al. Increased Risk of Inflammatory
Bowel Disease Among Patients With Ankylosing Spondylitis: a 13-
Year Population-Based Cohort Study. Front Immunol 2020;
11:578732.

Kim JA, Yoon S, Kim LY, Kim DS. Towards actualizing the value
potential of Korea Health Insurance Review and Assessment
(HIRA) data as a resource for health research: strengths, limita-
tions, applications, and strategies for optimal use of HIRA data.
J Korean Med Sci 2017;32:718-28.

World Health Organization. ICD-10 Version:2019. icd.who.int.
2019. https://icd.who.int/browse10/2019/en

World Health Organization. ICD-10 Version:2019. icd.who.int.
2019. https://icd.who.int/browse10/2019/en#/K50-K52

Kim MK, Han K, Koh ES et al. Variability in total cholesterol is as-
sociated with the risk of end-stage renal disease: a nationwide
population-based study. Arterioscler Thromb Vasc Biol 2017;
37:1963-70.

Kang YM, Cho YK, Lee SE ez al. Cardiovascular diseases and life
expectancy in adults with type 2 diabetes: a Korean national sam-
ple cohort study. J Clin Endocrinol Metab 2017;102:3443-51.
Jung SM, Ju JH, Park MS et al. Risk of tuberculosis in patients
treated with anti-tumor necrosis factor therapy: a nationwide
study in South Korea, a country with an intermediate tuberculosis
burden. Int J Rheum Dis 2015;18:323-30.

Koo BS, Lim YC, Lee MY et al. The risk factors and incidence of
major infectious diseases in patients with ankylosing spondylitis
receiving tumor necrosis factor inhibitors. Mod Rheumatol 2021;
31:1192-201.

Sartori NS, Picon P, Papke A, Neyeloff JL, da Silva Chakr RM. A
population-based study of tuberculosis incidence among rheu-
matic disease patients under anti-TNF treatment. PLoS One 2019;
14:¢0224963.

Elewski BE, Baddley JW, Deodhar AA et al. Association of secuki-
numab treatment with tuberculosis reactivation in patients with
psoriasis, psoriatic arthritis, or ankylosing spondylitis. JAMA
Dermatol 2021;157:43-51.

Sun R, Bustamante M, Gurusamy VK et al. Safety of Secukinumab
from 1 Million Patient-Years of Exposure: experience from Post-
Marketing Setting and Clinical Trials. Dermatol Ther (Heidelb)
2024;14:729-43.

Cantini F, Nannini C, Niccoli L ez al.; SAFEBIO (Italian multidiscipli-
nary task force for screening of tuberculosis before and during bio-
logic therapy). Guidance for the management of patients with latent
tuberculosis infection requiring biologic therapy in rheumatology
and dermatology clinical practice. Autoimmun Rev 2015;14:503-9.
Miller EA, Ernst JD. Anti-TNF immunotherapy and tuberculosis
reactivation: another mechanism revealed. J Clin Invest 2009;
119:1079-82.


https://www.ismpp.org/gpp-2022
https://www.who.int//news-room/fact-sheets/detail/tuberculosis/?gad_source=1&gclid=EAIaIQobChMI4M-vkPTfhwMVEaRmAh0LyQGIEAAYASAAEgIm0_D_BwE
https://www.who.int//news-room/fact-sheets/detail/tuberculosis/?gad_source=1&gclid=EAIaIQobChMI4M-vkPTfhwMVEaRmAh0LyQGIEAAYASAAEgIm0_D_BwE
https://www.who.int//news-room/fact-sheets/detail/tuberculosis/?gad_source=1&gclid=EAIaIQobChMI4M-vkPTfhwMVEaRmAh0LyQGIEAAYASAAEgIm0_D_BwE
https://icd.who.int/browse10/2019/en
https://icd.who.int/browse10/2019/en#/K50-K52

Incidence rates of tuberculosis and inflammatory bowel disease with biologics for ankylosing spondylitis in Korea

35.

36.

37.

38.

39.

40.

Torres T, Chiricozzi A, Puig L et al. Treatment of Psoriasis
Patients with Latent Tuberculosis Using IL-17 and IL-23
Inhibitors: A Retrospective, Multinational, Multicentre Study. Am
] Clin Dermatol 2024;25:333-42.

Zhang Z, Fan W, Yang G et al. Risk of tuberculosis in patients treated
with TNF-a antagonists: a systematic review and meta-analysis of
randomised controlled trials. BM]J Open 2017;7:¢012567.

Braun J, Baraliakos X, Listing ] ez al. Differences in the incidence
of flares or new onset of inflammatory bowel diseases in
patients with ankylosing spondylitis exposed to therapy with anti-
tumor necrosis factor alpha agents. Arthritis Rheum 2007;
57:639-47.

Peyrin-Biroulet L, Sandborn W], Panaccione R et al. Tumour
necrosis factor inhibitors in inflammatory bowel disease: the story
continues. Therap Adv Gastroenterol 2021;14:1756284821105
9954.

Elewaut D, Braun J, Anderson JK ef al. Low incidence of inflam-
matory bowel disease adverse events in adalimumab clinical trials
across nine different diseases. Arthritis Care Res (Hoboken) 2021;
73:289-95.

Walsh JA, Song X, Kim G, Park Y. Evaluation of the comorbidity
burden in patients with ankylosing spondylitis treated with tu-
mour necrosis factor inhibitors using a large administrative claims
data set. ] Pharm Health Serv Res 2018;9:115-21.

41.

42.

43.

44,

4S.

46.

3525

Mihai IR, Burlui AM, Rezus II et al. Inflammatory bowel disease
as a paradoxical reaction to anti-TNF-a treatment-a review. Life
(Basel) 2023;13:1779.

Schreiber S, Colombel JF, Feagan BG et al. Incidence rates of
inflammatory bowel disease in patients with psoriasis, psoriatic ar-
thritis and ankylosing spondylitis treated with secukinumab: a ret-
rospective analysis of pooled data from 21 clinical trials. Ann
Rheum Dis 2019;78:473-9.

Burisch J, Eigner W, Schreiber S et al. Risk for development of in-
flammatory bowel disease under inhibition of interleukin 17: a sys-
tematic review and meta-analysis. PLoS One 2020;15:¢0233781.
Deng Z, Wang S, Wu C, Wang C. IL-17 inhibitor-associated in-
flammatory bowel disease: A study based on literature and data-
base analysis. Front Pharmacol 2023;14:1124628.

Gottlieb AB, Deodhar A, Mcinnes IB et al. Long-term safety of
secukinumab over five years in patients with moderate-to-severe
plaque psoriasis, psoriatic arthritis and ankylosing spondylitis: up-
date on integrated pooled clinical trial and post-marketing surveil-
lance data. Acta Derm Venereol 2022;102:adv00698.

Hueber W, Sands BE, Lewitzky S et al.; Secukinumab in Crohn's
Disease Study Group. Secukinumab, a human anti-IL-17A mono-
clonal antibody, for moderate to severe Crohn's disease: unex-
pected results of a randomised, double-blind placebo-controlled
trial. Gut 2012;61:1693-700.

© The Author(s) 2025. Published by Oxford University Press on behalf of the British Society for Rheumatology.

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Rheumatology, 2025, 64, 3518-3525
https://doi.org/10.1093/rheumatology/keaf038
Original Article



	Active Content List
	Introduction
	Methods
	Results
	Discussion
	Supplementary material
	Data availability
	Funding
	Acknowledgements
	References


