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Abstract

Background: Axial spondyloarthritis (axSpAl is a chronic inflammatory disease primarily
affecting the axial skeleton, with tumor necrosis factor inhibitors (TNFi) as the standard first-
line biologic disease-modifying antirheumatic drugs since the early 2000s. Interleukin-17
inhibitors (IL-17i) have emerged as effective alternatives, but the optimal sequencing after
first-line TNFi discontinuation remains uncertain.

Objectives: To compare real-world treatment persistence of IL-17i and TNFi as second-line
therapies following initial TNFi discontinuation in patients with axSpA.

Design: A nationwide retrospective cohort study using the Korean National Health Insurance
Service-National Health Information Database (2010-2023).

Methods: We included patients with axSpA who initiated TNFi as first-line targeted therapy
and received IL-17i or TNFi as second-line therapy. The primary outcome was discontinuation  yeomiyeuns sane

of the second-line drug within 1 year. Drug retention was analyzed using Kaplan-Meier r‘nz?iyta?gfg:i;iggamlogy
curves, and discontinuation risk was estimated using Cox proportional hazards models with Research, Seoul, Republic
multivariable adjustment, inverse probability of treatment weighting (IPTW], and IPTW with of Korea

covariate adjustment. Subgroup analyses were conducted by type of prior treatment failure EEZiLﬂ?&Tﬁ;’j Hanyang
(primary or secondary). Loty el o
Results: Among 1,660 patients (IL-17i: 375; TNFi: 1285), overall treatment persistence and 222-1 Wangsimni-ro,
discontinuation risk were similar between groups. However, patients with primary treatment ﬁj;’;,‘g_d;’ggggﬁ;ii";;rea
failure had significantly higher discontinuation risk with TNFi versus IL-17i, with adjusted sungyk@hanyang.ac.kr
hazard ratios ranging from 1.54 (95% Cl, 1.14-2.07) to 2.11 (95% ClI, 1.13-3.94). Results Moo U iy
remained consistent across all analytic approaches. Institute for Rheumatology

Research, Seoul, Republic

Conclusion: While overall persistence was comparable, IL-17i showed greater retention than  okorea
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patients may switch either to another TNFi or to an interleukin-17 inhibitor (IL-17i). This
study analyzed nationwide Korean health insurance data from 2010 to 2023 to compare
how long patients continued their second biologic treatment after discontinuing the first
TNFi. We evaluated treatment persistence (drug retention] and the risk of discontinuation
within one year. The analysis included 1,660 patients with axSpA who received either
IL-17i (375 patients) or TNFi (1,285 patients) as second-line therapy. Overall, treatment
persistence was similar between IL-17i and TNFi users. However, in patients whose first
TNFi failed to show sufficient effect (referred to as primary failure), those who switched
to an IL-17i were significantly more likely to continue treatment than those who switched
to another TNFi. These findings were consistent across several statistical analyses. In
conclusion, both IL-17i and TNFi are effective options as second-Lline biologic therapies
for patients with axSpA. However, IL-17i may provide better treatment continuity for those
who did not respond adequately to theirinitial TNFi. These results may assist clinicians and
patients in selecting optimal second-line biologic treatments for axial spondyloarthritis.
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Introduction

Axial spondyloarthritis (axSpA) is a chronic
inflammatory rheumatic disorder that primarily
affects the axial skeleton.! It is classified as radio-
graphic axSpA (r-axSpA), or ankylosing spondy-
litis, when definitive structural changes such as
sacroiliitis are present on X-ray.? Patients with
axSpA require long-term pharmacological man-
agement throughout the disease course. The main
therapeutic goals are to suppress inflammation,
alleviate symptoms, and prevent structural pro-
gression, including fibrosis, calcification, and
eventual spinal ankylosis.?

Tumor necrosis factor inhibitors (TNFi) have
been recommended as first-line biologic disease-
modifying antirheumatic drugs (bDMARDs) for
patients with persistently active disease despite
adequate non-steroidal anti-inflammatory drug
(NSAID) trials, based on the 2003 Assessment of
SpondyloArthritis International Society (ASAS)
consensus and evidence from randomized con-
trolled trials (RCTs) of agents such as etaner-
cept.2*7 Since their introduction, TNFi use has
increased, and they are now widely regarded as
the standard of care for NSAID-refractory axSpA,
with up to 41.6% of patients in Korea receiving
TNFi therapy.?

Recently, interleukin-17 inhibitors (IL.-17i) have
emerged as effective options for axSpA, with
demonstrated efficacy in RCTs and comparable
real-world effectiveness to TNFi.210-12 These
agents are now considered suitable as both first-
and second-line bDMARDs. However, the opti-
mal strategy following TNFi discontinuation
remains uncertain, particularly regarding whether
to cycle to another TNFi or switch to a bDMARD
with a different mechanism, such as IL-17i, due
to limited head-to-head comparative data.

The 2019 American College of Rheumatology
(ACR) guidelines recommend a mechanistic
switch in cases of primary nonresponse—defined
as a lack of meaningful clinical improvement
within 3—6 months of TNFi initiation—on the
premise that early treatment failure may involve
non-TNF-o-mediated pathways.” However, sup-
porting evidence for this strategy remains
limited. In contrast, the 2022 update from the
ASAS and the European Alliance of Associations
for Rheumatology (EULAR) adopts a pragmatic
approach, supporting flexibility in subsequent
treatment selection without requiring a change in
therapeutic class.? The Korean guideline similarly
recommends this flexible approach in choosing
subsequent therapies.!3
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This study aimed to evaluate real-world treat-
ment persistence after discontinuation of initial
TNFi, specifically comparing drug survival
between patients who cycled to a second TNFi
and those who switched to IL-17i.

Methods

Data source

We conducted a nationwide, population-based
study using the Korean National Health Insurance
Service-National Health Information Database
(NHIS-NHID) from January 2010 to December
2023. The NHIS system covers about 97% of the
population, with the remaining 3% receiving
medical aid through Korea’s universal healthcare
system. This comprehensive claim database
includes demographic information, income-based
insurance contribution levels, biannual health
screening data, and detailed records on inpatient
and outpatient visits, procedures, and prescrip-
tions across all healthcare settings.14

Study design and population

This retrospective cohort included patients newly
diagnosed with axSpA between January 2013 and
December 2023. To ensure inclusion of incident
cases, patients with any recorded diagnosis of
axSpA between January 2010 and December
2012 were excluded. Eligible individuals were
required to (i) initiate TNFi as first-line biologic
therapy and (i) subsequently receive either
another TNFi or an IL-17i as second-line therapy
before 2023. Patients who initiated JAK inhibi-
tors or biologic therapies in a non-sequential
manner were excluded. Patients were assigned to
the TNFi or IL-17i group according to their sec-
ond-line agent. TNFi agents included adali-
mumab, etanercept, infliximab, and golimumab,
while IL-17i agents included secukinumab and
ixekizumab. The index date was defined as the
initiation of the second biologic agent.

AxSpA was defined as at least two primary diag-
noses using the International Classification of
Diseases, 10th Revision (ICD-10) code M45.
Patients with concurrent diagnoses of rheumatoid
arthritis (M05, M06) or systemic lupus erythema-
tosus (M32) were excluded. Diagnostic confirma-
tion was strengthened by enrollment in the Korean
Rare Intractable Disease (RID) program, which
provides financial support based on physician-
confirmed diagnoses using standardized criteria.

RID codes were applied for r-axSpA (V140), RA
(V223), and SLE (V136).8:15 RID registration for
r-axSpA requires fulfillment of the modified New
York criteria, which mandate radiographic sacro-
iliitis (bilateral grade =II or unilateral grade III/
IV) and at least two of the following: (1) chronic
back pain lasting >3 months and improving with
exercise, (2) limited lumbar motion, or (3)
decreased chest expansion.16

Outcome

The primary outcome was drug retention of the
second biologic agent (TNFi or IL-171) after dis-
continuation of initial TNFi during follow-up.
Treatment episodes were defined from prescrip-
tion data, with the start date as the prescription
date and the end date calculated by adding the
regimen-specific dosing interval (Supplemental
Table 1). Consecutive prescriptions without a gap
>90 days were combined into a single episode.

Discontinuation was defined as no subsequent
prescription for the same agent within 90 days after
the end of the previous episode, without switching
to another targeted therapy. Switching was defined
as initiation of a different targeted agent, marking
the start of second-line therapy. Patients who
switched were considered to have experienced
first-line treatment failure. To minimize misclassi-
fication, cases with overlapping prescriptions
for two targeted agents exceeding 8weeks were
excluded from the study population.

Covariates

Baseline characteristics were measured at second-
line therapy initiation. Covariates included age,
sex, employment status, income quartile, body
mass index (BMI <18, 18-22, 23-25, and
=25kg/m2, unknown), and smoking status
(never, past, current, unknown). Healthcare facil-
ity type was classified as tertiary hospital or other.
To account for potential temporal effects related
to the approval of IL-17 inhibitors in 2017, the
calendar period (before vs after 2017) was addi-
tionally included as a covariate.

Disease duration at index date was categorized as
<12, 13-24, 25-48, and =49months. Any
axSpA-related inpatient visits were assessed within
1year prior to the index date. Comorbidities were
identified using diagnostic codes from the 2years
preceding the index date, including dactylitis,
enthesitis, fibromyalgia, psoriasis, inflammatory
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bowel disease (IBD) (Crohn’s disease and ulcera-
tive colitis), uveitis, depression, anxiety, malig-
nancy, and the Charlson Comorbidity Index.
Episodes of pneumonia and serious infections
requiring hospitalization during first-line TNFi
therapy were also evaluated.

Statistical analysis

Baseline characteristics were compared using
t-tests for continuous variables and y? tests for cat-
egorical variables. Median values were compared
using the Mann—Whitney U test. Treatment tran-
sitions were visualized with a Sankey diagram.

Kaplan—Meier curves estimated drug retention,
with group differences assessed by log-rank test.
Patients were followed until discontinuation,
switching to another targeted therapy, or for a
maximum of 1year, whichever occurred first.

To estimate the hazard ratio (HRs) and 95% con-
fidence intervals (CIs) for treatment discontinua-
tion, we used Cox proportional hazard model
with three analytic approaches: (1) a multivaria-
ble-adjusted model, (2) inverse probability of
treatment weighting (IPTW), and (3) IPTW with
additional covariate adjustment.

Five multivariable models (Models 1-5) adjusted
for sex, disease duration, type of treatment fail-
ure, comorbidities, healthcare setting, and year of
second-line therapy initiation. To address poten-
tial confounding, IPTW based on propensity
scores was applied. For variables that remained
imbalanced after weighting, additional covariate
adjustment was performed to enhance compara-
bility between treatment groups.

Subgroup analysis

Treatment failure included discontinuation due
to intolerance, primary nonresponse, or second-
ary nonresponse. In this study, subgroup analyses
assessed drug retention according to the type of
prior TNFi failure, comparing primary or sec-
ondary treatment failure. Primary treatment fail-
ure was defined as discontinuation within
4 months of TNFi initiation, based on the Korean
National Health Insurance Service reimburse-
ment policy requiring Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI) improvement
at 3-4months!?; secondary treatment failure
referred to discontinuation after 4 months.

Sensitivity analyses

Sensitivity analyses were performed to specifically
evaluate discontinuations due to nonresponse,
excluding events likely related to adverse events
or intolerance. Hospitalizations occurring within
3 months before discontinuation of second-line
therapy were reviewed by investigators to deter-
mine probable cause (Supplemental Tables 2-5).
Additional analyses assessed the robustness of
findings by applying alternative definitions of pri-
mary treatment failure, using 3- and 6-month
thresholds.

Results

Study population

Between 2013 and 2022, 1660 patients with
axSpA who initiated a second-line targeted ther-
apy after prior TNFi use were included (IL-17i
group: 375 (22.6%); TNFi group: 1285 (77.4%);
Figure 1).

Treatment sequences

Adalimumab was the most frequently prescribed
first-line TNFi, followed by etanercept and inf-
liximab. For second-line targeted therapy, adali-
mumab remained the most common agent,
followed by secukinumab and golimumab
(Figure 2). Treatment patterns were similar
across primary and secondary treatment failure
groups. Secukinumab was more frequently
selected following secondary treatment failure,
whereas switches from adalimumab to etanercept
were more common in the primary treatment fail-
ure group.

Baseline characteristics at second-line

therapy initiation

At second-line therapy initiation, IL-17i users
were significantly older (mean age 43.6years
(standard deviation; SD 13.4) vs 40.9years (SD
13.5); p-value=0.008; Table 1); however, this
difference was not considered clinically relevant.
IL-17i users also had longer disease duration
(mean 38.9months (SD 28.1) vs 30.6 months
(SD 25.0); p-value < 0.001) compared with TNFi
users. IL-17i users were also less likely to have
been hospitalized for axSpA-related issues in the
preceding year (10.1% vs 15.8%; p-value =0.006)
and had a lower proportion of nonsmokers
(33.3% vs 41.9%; p-value =0.007). Comorbidity
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Patients newly diagnosed with axSpA between January 2013 and December 2023
(n =39,904)

Excluded patients who

- Did not receive TNF inhibitor as the first-line biologic
agent (n = 26,448)

- Did not receive TNF inhibitor or IL-17 inhibitor as
second-line biologic agent (n = 11,495)

- Initiated second-line biologic agent in 2023

(n = 301)

y

AxSpA patients received TNF inhibitors as first-line and TNF inhibitor or IL-17 inhibitor as
second-line biologic agent before 2023 (=1 year of follow-up)
(n =1,660)

Second-line IL-17 inhibitor users
(IL-17i group, n = 375; 22.6%)

Second-line TNF inhibitor users
(TNFi group, n = 1,285; 77.4%)

Figure 1. Cohort selection algorithm and exclusion criteria for comparative analysis of second-line TNF

inhibitor and IL-17 inhibitor use.
axSpA, axial spondyloarthritis; IL-17, interleukin-17.

(a) Total population (n=1,660)

Second-line First-line

First-line

Adalimumab

Adalfindinat Adalimumab

Secukinumab

Etanercept

Infiiximab g
Etanercopt Golimumab
- ——
Infliximab
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Golimumab 5
Infliximab
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\

(b) Primary treatment failure (n=438)

Golimumab I Einerespy
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= 7\* - Golimumab
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Infliximab I Golimumab
~ Ixekizumab

Figure 2. Treatment sequences from first-line TNF inhibitors to second-Lline targeted therapies.
The Sankey diagram shows that secukinumab was more frequently used after secondary treatment failure, whereas switches from adalimumab to
etanercept were more common following primary treatment failure. Primary treatment failure: discontinuation within 4 months of TNFi; secondary

treatment failure: discontinuation after 4 months.
TNFi, tumor necrosis factor inhibitors.

patterns differed: psoriasis was more common in
IL-17i users (21.1% vs 6.2%; p-value<<.001),
while IBD (1.6% vs 4.4%; p-value =0.012), uvei-
tis (17.1% vs 23.5%; p-value =.008), and anxiety
(14.4% vs 19.1%; p-value=.039) were more
prevalent in TNFi users.

Regarding first-line TNFi, IL-17i users were
more likely to have received monoclonal antibody
therapies (85.1% vs 74.0%; p-value <0.001) and
had longer treatment duration (median 432 days

(IQR 164-1089) vs 303days (IQR 109-748);
p-value <.001; Table 2). The IL-17i group also
had a lower rate of primary treatment failure to
first-line TNFi (19.5% vs 28.4%; p-value <.001).

Comparative drug retention

Kaplan—Meier analysis showed no significant dif-
ference in overall drug retention between the
IL-17i and TNFi groups in the entire cohort.
However, among the primary treatment failure

(c) Secondary treatment failure (n=1,222)

Second-line

Adalimumab

Secukinumab

Golimumab

Etanercept

Infliximab

Ixekizumab
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Table 1. Baseline characteristics of patients initiating second-line IL-17 inhibitor versus TNF inhibitor therapy.

Variables Total population p-Value

IL-17i group (n=375) TNFi group (n=1,285)

Age, years, mean (SD) 43.6 (13.4) 40.9 (13.5) 0.008
18-29years 69 (18.4) 314 (24.4) 0.006
30-39years 83 (22.1) 319 (24.8)

40-49 years 87 (23.2) 295 (23.0)

50years or older 136 (36.3) 357 (27.8)
Female, number (%) 102 (27.2) 402 (31.3) 0.130
Currently employed, number (%) 146 (38.9) 479 (37.3) 0.560

Income quartile, number (%)

First quartile (lowest) 96 (25.6) 289 (22.5) 0.170
Second quartile 82 (21.9) 243 (18.9)
Third quartile 95 (25.3) 338(26.3)
Fourth quartile (highest) 102 (27.2) 415(32.3)

Institution type for second-line therapy, number (%)

Tertiary hospital 226 (60.3) 713 (55.5) 0.100
General hospital/clinic/other 149 (39.7) 572 (44.5)

Disease duration, months, mean (SD) 38.9 (28.1) 30.6 (25.0) <0.001
<12months 89 (23.7) 379 (29.5) <0.001
13-24 months 64 (17.1) 300 (23.3)

25-48 months 93 (24.8) 320 (24.9)
=49 months 129 (34.4) 286 (22.3)

axSpA-related inpatient visit, any 38 (10.1) 203 (15.8) 0.006

BMI
<18kg/m? 4(1.1) 42 (3.3) 0.109
18-22kg/m? 78 (20.8) 305 (23.7)
23-25kg/m?2 64(17.1) 214 (16.7)
>25kg/m? 152 (40.5) 493 (38.4)

Unknown BMI 77 (20.5) 231 (18.0)

Smoking status, number (%)
Never smoked 125 (33.3) 538 (41.9) 0.007
Former smoker 67 (17.9) 233 (18.1)

(Continued)
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Table 1. (Continued)

Variables Total population p-Value
IL-17i group (n=375) TNFi group (n=1,285)

Current smoker 106 (28.3) 283 (22.0)
Unknown smoking status 77 (20.5) 231 (18.0)

Comorbidities, number (%)
Dactylitis 80 (21.3) 266 (20.7) 0.791
Enthesitis 71 (18.9) 226 (17.6) 0.550
Fibromyalgia 39 (10.4) 141 (11.0) 0.754
Psoriasis 79 (21.1) 80 (6.2) <0.001
Inflammatory bowel disease 6(1.6) 57 (4.4) 0.012
Uveitis 64(17.1) 302 (23.5) 0.008
Depression 60 (16.0) 234(18.2) 0.324
Anxiety 54 (14.4) 245(19.1) 0.039
Malignancy 22 (5.9) 47 (3.7) 0.059

Charlson Comorbidity Index, mean (SD)  1.47 (0.02) 1.39 (0.02) 0.378
Score=0 143 (38.1) 490 (38.1) 0.638
Score 1-2 143 (38.1) 517 (40.2)
Score =3 89 (23.7) 278 (21.6)

Data are n (%), or mean (SD).

BMI, body mass index; IL-17i, interleukin-17 inhibitor; SD, standard deviation; TNFi, tumor necrosis factor inhibitor.

group, IL.-17i was associated with significantly
longer drug survival (log-rank p-value=0.016;
Figure 3).

In Cox proportional hazards models, TNFi use
was not significantly associated with treatment
discontinuation in the total population (crude
HR 1.27; 95% CI: 0.98-1.64), and this remained
non-significant across adjusted models (adjusted
HRs 1.20-1.24; Table 3). In IPTW analyses,
however, TNFi use was associated with increased
risk of discontinuation (HR 1.22; 95% CI: 1.04—
1.41), and this result persisted after additional
covariate adjustment.

Subgroup analyses by type of prior TNFi failure
Among the secondary treatment failure group,
risk of discontinuation did not differ significantly

between treatment groups. In contrast, among
the primary treatment failure group, TNFi use
was consistently associated with a higher risk of
discontinuation compared to IL-17i. The crude
HR was 2.05 (95% CI: 1.13-3.72), with adjusted
HRs from 1.92 to 2.11. This subgroup effect
largely explained the overall risk elevation
observed in IPTW models. Associations were
consistent in both covariate-adjusted and IPTW-
weighted analyses.

Sensitivity analyses to assess

robustness of findings

To assess the robustness of the primary findings,
we conducted multiple sensitivity analyses. First,
we evaluated whether hospitalizations potentially
attributable to adverse events influenced discon-
tinuation outcomes (Supplemental Tables 2 and 3).
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Table 2. First-line TNF inhibitor characteristics in patients initiating second-line IL-17 or TNF inhibitor therapy.
Variables Total population p-Value
IL-17i group (n=375) TNFi group (n=1,285)
First-line TNF inhibitor type, number (%) <0.001
Soluble receptor 56 (14.9) 334 (26.0) <0.001
Etanercept 56 (14.9) 334 (26.0)
Monoclonal antibody 319 (85.1) 951 (74.0)
Infliximab 43(11.5) 281(21.9]
Adalimumab 210 (56.0) 448 (34.9)
Golimumab 66 (17.6) 222(17.3)

First-line TNF inhibitor duration, median (IQR), days 432 (164-1089) 303 (109-748) <0.001
0-180 109 (29.1) 467 (36.3) <0.001
181-360 60 (16.0) 236 (18.4)

361-720 60 (16.0) 217 (16.9)
721-1080 52 (13.9) 124 (9.6)
=1081 94 (25.1) 211 (16.4)

First-line TNF inhibitor treatment failure, no. (%)

Primary treatment failure (<4 months) 73 (19.5) 365 (28.4) 0.001
Secondary treatment failure (>4 months) 302 (80.5) 920 (71.6)

Pneumonia-related hospitalization during first-line TNF 5(1.3) 7(0.5) 0.157

inhibitor

Hospitalization for other infections during first-line TNF 22 (5.9) 77 (6.0) 0.928

inhibitor

Data are shown as n (%] or median (IQR).

IL-17i, interleukin-17 inhibitor; IQR, interquartile range; TNFi, tumor necrosis factor inhibitor.

The frequency of such events was similar between Discussion

groups, with infections being the most common
cause. Diagnostic codes for these events are pro-
vided in Supplemental Tables 4 and 5.

A sensitivity analysis using a stricter outcome def-
inition—excluding patients with hospitalizations
suggestive of treatment-related adverse events—
yielded results consistent with the main analysis
(Supplemental Table 6).

Further analyses using alternative definitions of
primary treatment failure at 3 and 6 months also
corroborated the main findings (Supplemental
Tables 7 and 8).

The findings from this large, nationwide cohort
study provide real-world evidence on the com-
parative persistence of IL-17i and TNFi as sec-
ond-line therapies in axSpA following TNFi
discontinuation. The principal finding is that,
while overall drug retention is similar between
IL-17i and TNFi, IL-17i demonstrates signifi-
cantly greater persistence in patients with primary
TNFi failure. Although IL-17i users were older
and other baseline differences existed, covariates
statistically significant in univariable analyses
were adjusted for multivariable models and were
balanced using IPTW. Results remained consist-
ent across these analyses, indicating that baseline
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Figure 3. Kaplan-Meier curves comparing drug retention between second-line IL-17 inhibitor and TNF inhibitors.
Primary treatment failure: discontinuation within 4 months of TNFi; secondary treatment failure: discontinuation after 4 months.
IL-17i, interleukin-17 inhibitor; TNFi, tumor necrosis factor inhibitor.

differences did not account for the observed dif-
ferences in treatment persistence. The robustness
of these findings across multiple analytic
approaches and subgroup analyses supports a
mechanism-based approach to biologic sequenc-
ing in axSpA.

TNFis are recommended as first-line biologic
therapy for axSpA in both EULAR and ACR
guidelines, reflecting their established efficacy
and safety in patients with persistent disease activ-
ity despite NSAID treatment.2” However, a sub-
stantial proportion of patients require a change in
therapy due to inadequate response or intoler-
ance.!® The mechanisms underlying TNFi resist-
ance are heterogeneous. Primary nonresponse is
often attributed to disease driven by patient char-
acteristics and alternative inflammatory path-
ways, such as the IL-17/Th17 axis, while
secondary loss of efficacy is more commonly
related to immunogenicity or pharmacokinetic
factors.19-20

Previous real-world studies have also demon-
strated similar effectiveness between IL-17i and
TNFi in patients with prior TNFi exposure. A
cohort study using the Swiss Clinical Quality
Management registry showed comparable drug
retention and no significant difference in
BASDAI50 response at 1year between secuki-
numab and TNFi.!2 Similar results were observed
in the Korean College of Rheumatology Biologics

and Targeted Therapy (KOBIO) registry, which
additionally assessed response outcomes includ-
ing ASAS20, ASAS40, and Ankylosing
Spondylitis Disease Activity Score (ASDAS), and
found no significant difference between treatment
groups.?! These studies provide important
insights into the comparative effectiveness of
secukinumab and TNFi in real-world popula-
tions, both in terms of drug retention and clinical
response. However, differences in prior bDMARD
exposure likely underestimated secukinumab’s
efficacy, as more patients had =2 prior bDMARDs
compared to those on TNFi in both studies. The
present study extends this evidence by analyzing a
larger, nationally representative cohort restricted
to patients who received TNFi as first-line ther-
apy, allowing for a more accurate comparison of
second-line treatment outcomes.

Although prior studies have shown similar effec-
tiveness between IL-17i and TNFi, variability in
individual treatment responses persists. Such
inadequate responses can be subcategorized into
primary and secondary nonresponse, a distinction
recognized by the 2019 ACR guidelines, which
recommend different strategies based on response
type.” The importance of this distinction was fur-
ther highlighted in a prospective cohort study at a
tertiary hospital in Korea, which found that
patients with primary treatment failure to a first
TNFi had a higher risk of discontinuing a second
TNFi, whereas secukinumab was not associated
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Table 3. Risk of second-line treatment discontinuation for TNF inhibitor versus IL-17 inhibitor users in the total population, primary
treatment failure, and secondary treatment failure groups.

Method Total population (N=1,660) Primary treatment failure (N=438) Secondary treatment failure (N=1,222)
HR 95% CI p-Value HR 95% CI p-Value HR 95% CI p-Value
Crude 1.27 0.98-1.64 0.072 2.05 1.13-3.72 0.018 1.05 0.78-1.40 0.766
Multivariable adjustment
Model 12 1.20 0.92-1.56 0.179 1.92 1.05-3.51 0.034 1.02 0.76-1.37 0.896
Model 2° 1.24 0.95-1.61 0.115 1.95 1.06-3.59 0.031 1.05 0.78-1.42 0.732
Model 3¢ 1.24 0.95-1.63 0.116 1.93 1.05-3.55 0.035 1.07 0.79-1.46 0.664
Model 44 1.22 0.93-1.59 0.156 — — — — — —
Model 5¢ 1.24 0.94-1.64 0.125 2.11 1.13-3.94 0.020 1.06 0.77-1.46 0.723
IPTW 1.22 1.05-1.41 0.010 1.63 1.23-2.17 0.009 1.00 0.84-1.20 0.965
IPTW + covariate 1.22 1.05-1.41 0.010 1.54 1.14-2.07 0.004 1.01 0.85-1.21 0.905

adjustment*

Comorbidities included fibromyalgia, uveitis, depression, anxiety, malignancy, Charlson Comorbidity Index, and pneumonia-related hospitalization
during first-line TNFi therapy in the total population. For the primary treatment failure group, anxiety and Charlson Comorbidity Index were
included. For the secondary treatment failure group, fibromyalgia, depression, malignancy, Charlson Comorbidity Index, and pneumonia-related
hospitalization during first-line TNFi therapy were included. Bolded values denote statistical significance (p-value <0.05).

*Additional adjustments comprised IBD and depression in the total population; sex, employment status, axSpA-related inpatient admission, body
mass index, smoking status, IBD, and Charlson Comorbidity Index in the primary treatment failure group; and IBD and uveitis in the secondary
treatment failure group.
aAdjusted for demographics and clinical variables: sex, inpatient admission, disease duration, and BMI.
bModel 1 plus comorbidities.

‘Model 2 plus psoriasis and IBD.

dModel 3 plus previous treatment failure.

eModel 4 plus healthcare setting and prior second-Lline use before 2017.
BMI, body mass index; HR, hazard ratio; IBD, inflammatory bowel disease; IL-17, interleukin-17; IPTW, inverse probability of treatment weighting;
TNFi, tumor necrosis factor inhibitor.

with this risk.22 Although this study was under-
powered to draw statistically robust conclusions
due to a small sample size, it supports the hypoth-
esis that switching to a therapy with a different
mechanism may be more effective in patients with
primary treatment failure. This may reflect an
underlying non-TNF-o—driven disease process
that responds better to IL-17 inhibition.

Another retrospective cohort study using the
KOBIO registry compared drug retention and
clinical efficacy between secukinumab and TNFi,
including a subgroup analysis by primary and sec-
ondary nonresponse.!” This study found no sig-
nificant difference among primary non-responders
in the risk of drug discontinuation between
groups. However, among secondary non-
responders, secukinumab was associated with a

higher risk of discontinuation and lower odds of
BASDAI50 response. This finding may be
explained by differences in prior treatment expo-
sure: in the secukinumab group, 93% of patients
had received more than two prior TNFi, com-
pared to only 21% in the TNFi group. Since
later-line use of either TNFi or IL-17i is generally
associated with lower response rates, this imbal-
ance in treatment sequencing likely influenced
the observed outcomes.??> Similar findings have
been reported, with higher drug survival in
patients receiving TNFi compared to those
receiving IL.-171i; however, this difference was not
statistically significant after adjustment for the
number of prior bDMARDs.2* Therefore, the
effectiveness of secukinumab may have been
underestimated due to greater prior bDMARDs
in that group. While relatively better outcomes
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with TNFi in secondary non-responders warrant
further investigation, these results should be
interpreted cautiously given baseline imbalances.

Strengths and limitations

This study adds to the growing body of real-world
evidence by examining drug retention among
axSpA patients who, after discontinuing a first
TNFi, initiated second-line targeted therapy,
comparing those cycling to a second TNFi with
those switching to an IL-17i.1217:22 The use of a
large, representative dataset from the Korean
National Health Insurance Service system, where
biologic use is strictly regulated, enhances gener-
alizability in this healthcare setting. Mandatory
BASDAI assessments for reimbursement likely
reduce misclassification of treatment response,
supporting drug retention as a valid proxy for
effectiveness.

Although the 4-month cut-off for defining pri-
mary treatment failure may be affected by docu-
mentation or administrative delays, sensitivity
analyses using 3- and 6-month thresholds yielded
consistent results, supporting this definition.
Analytically, the study employed rigorous meth-
ods, including multivariable adjustment and
IPTW, to address confounding. Clinical adjudi-
cation of potential adverse event-related discon-
tinuations by independent physicians further
strengthened outcome classification. Consistency
across sensitivity analyses supports the robustness
of these findings.

However, several limitations should be consid-
ered when interpreting these findings. Non-
radiographic axSpA could not be identified in
Korean administrative claims data and was there-
fore not included. Disease duration reflected time
since radiographic diagnosis rather than symptom
onset. However, this inherent limitation of claim-
based data does not affect internal comparability.
In addition, the absence of detailed clinical vari-
ables such as ASDAS and inflammatory markers
(e.g., CRP) limits direct assessment of disease
activity. While inflammatory burden may influ-
ence biologic selection and response, this limita-
tion does not undermine the observed differences
in treatment retention by primary and secondary
failure status and highlights the need for studies
incorporating clinical data.

Reliance on claims data also prevents definitive
determination of discontinuation reasons, despite

adjudication efforts. Although previous studies
indicate that reasons for first TNFi discontinua-
tion do not reliably predict second-line out-
comes,?>26  residual confounding—including
unmeasured factors such as radiographic progres-
sion—cannot be ruled out. A formal sample size
calculation was not performed because the cohort
size was determined by the retrospective study
design and the available eligible population.
Although the sample size of the primary treat-
ment failure subgroup was limited, the con-
sistency of findings across multiple analytic
approaches supports the reliability of our results.
Finally, because treatment selection in real-world
practice is influenced by multiple patient- and
physician-level factors that cannot be fully cap-
tured in claims data, these findings should be
interpreted with appropriate caution.

Conclusion

This real-world cohort study demonstrated that,
following TNFi treatment failure, overall drug
retention was similar between IL-171 and TNFi.
However, among patients with primary treatment
failure, IL-17i showed significantly higher reten-
tion than TNFi, suggesting potentially greater
effectiveness of II.-17i in this subgroup. These
findings highlight the importance of considering
treatment response type when selecting second-
line biologic therapy. Nevertheless, head-to-head
RCTs are necessary to confirm these results, and
further studies should explore optimal treatment
sequences following IL-17i use to preserve long-
term therapeutic options.
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