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Background/Aims: Although several studies have shown that specialist care may be associated with better outcomes,
methodological limitations have made it difficult to draw definitive conclusions. Therefore, we examined real-world patterns
of tumor necrosis factor inhibitor (TNFi) use for radiographic axial spondyloarthritis (r-axSpA) across prescribing specialties
and compared TNFi retention between internal medicine and other departments using a nationwide claims database.

Methods: Using Health Insurance Review and Assessment Service claims data (January 1, 2011 to June 30, 2022), we iden-
tified patients diagnosed with r-axSpA who initiated their first TNFi treatment. Baseline characteristics, TNFi retention by spe-
cialty and agent, and discontinuation risk were assessed. HRs for TNFi discontinuation were estimated using Cox proportional
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hazards models.

Results: Among 5,944 TNFi initiators, 2,543 received adalimumab, 1,026 etanercept, 876 infliximab, and 1,499 golimumab.
Most patients were treated in internal medicine (n = 5,102, 85.8%), followed by orthopedics (n = 622, 10.5%), neurosurgery
(n = 185, 3.1%), and other departments (n = 35, 0.6%). TNFi retention was the highest in internal medicine. In multivariable
analyses, the risk of discontinuation was higher in orthopedics (HR 1.24, 95% CI 1.11-1.37, p < 0.001), neurosurgery (HR 1.82,
95% Cl 1.53-2.16, p < 0.001), and other departments than in internal medicine (HR 2.41, 95% Cl 1.72-3.36, p < 0.001).
Conclusions: TNFi retention was the highest in internal medicine, suggesting that care in this department may be associat-
ed with better treatment continuity in r-axSpA. Standardized management protocols and education may help optimize care
across specialties.
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INTRODUCTION

Biologic agents, particularly tumor necrosis factor inhibitor
(TNFi), have considerably improved the management of axi-
al spondyloarthritis (SpA) through rapid relief of symptoms,
inflammation reduction, and improved physical function
[1,2]. These therapies have become a cornerstone in the
treatment of axial SpA, with their use steadily increasing
over the past two decades. With increasing access to TNFi
treatment, substantial improvements have been observed in
physical function and overall quality of life [3,4].

Recently, existing biologics and newly approved agents
have become available for the treatment of axial SpA, of-
fering improved therapeutic options. The availability of di-
verse agents has provided a more individualized approach
to treatment. Owing to the heterogeneous clinical presen-
tations of axial SpA—including varying degrees of disease
severity and extra-musculoskeletal manifestations—person-
alized treatment strategies are increasingly necessary [5,6].
Furthermore, earlier diagnosis and timely initiation of appro-
priate biologic therapies may contribute to better treatment
outcomes [7,8]. These evolving clinical demands highlight
the need for rheumatologists to develop expertise in the
prescription of biologic agents.

Prescribing decisions may differ across medical specialties
depending on clinical experience, familiarity with biologics,
and disease-specific training. Such variations can affect drug
selection and treatment outcomes, including adherence and
long-term persistence. Several studies have shown that spe-
cialist care may be associated with better outcomes; how-
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ever, methodological limitations—such as selection bias
and inadequate adjustment for confounding factors—have
made it difficult to draw definitive conclusions [9,10]. In re-
ality, studies on the evaluation of treatment outcomes are
often influenced by multiple biases beyond the intervention
itself. Moreover, directly comparing the effectiveness of spe-
cialist versus non-specialist care is challenging; nevertheless,
we sought to explore differences in drug retention rates of
TNFi across specialties. Drug retention is influenced by var-
ious factors, including patient characteristics, physician de-
cisions, healthcare costs, and insurance systems; nonethe-
less, it can still provide meaningful insights into treatment
patterns.

In this study, we aimed to compare TNFi prescribing pat-
terns and drug retention rates in the management of radio-
graphic axial SpA across medical specialties. Using nation-
wide health insurance claims data, we sought to investigate
whether differences exist in biologic prescribing behavior
and treatment persistence according to departmental clas-
sification.

METHODS

Patients

Data of patients diagnosed with ankylosing spondylitis (AS)
between January 1, 2011, and June 30, 2022, were ob-
tained from the Health Insurance Review and Assessment
Service (HIRA) derived from the national health insurance
system, which covers the entire Korean population and pro-
vides access to claims-based data. Patients diagnosed with
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AS in the HIRA data were identified using the modified
New York criteria [11]. The following patients were exclud-
ed: those diagnosed with AS before the index date, those
younger than 20 years, patients who did not visit the hos-
pital for 182 days following the AS diagnosis, patients who
were not prescribed biological agents after the AS diagno-
sis, and those who did not receive a TNFi as the first biolog-
ical agent (Fig. 1, Supplementary Table 1, 2).

Data collection

Basic patient information—including age, sex, diagnosis pe-
riod, and the presence of diabetes, hypertension, hyperlipid-
emia, ischemic heart disease, stroke, comorbidities, chronic
obstructive pulmonary disease, and asthma—was collected
in 10-year increments. Additionally, data on TNFi use, as
well as information on the prescribing departments (internal

Patients diagnosed with AS from January 1, 2011 to June 30, 2022

n=61939

\

Final study population
n = 5944
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medicine, orthopedics, neurosurgery, and others) and hos-
pitals (tertiary hospitals, general hospitals, hospitals, clinics,
and others), were also included.

Statistical analysis

Baseline characteristics were extracted from the HIRA data-
base. Age was categorized into intervals following the pri-
vacy policy outlines in the HIRA. All variables are expressed
as number (%), and statistical significance was set at p <
0.05. Participants were further stratified by the type of the
first biological agent they received. Kaplan—Meier survival
curves were generated to compare the retention rates by
TNFis and departments. Factors associated with the reten-
tion rate were identified using Cox proportional hazards
models. Sensitivity analyses were conducted using a 91-day
discontinuation criterion, in addition to the primary 182-

Diagnosed with AS within 1 year prior to the index date
n=17312

Other rheumatic diseases (SLE, RA, Behget's disease, PsA, and IBD)

prior to AS diagnosis
n=21,162

Aged < 20 years or 2 85 years
n=1461

No medical institution visits after 182 days post-AS diagnosis
n=194

No biologics prescribed after AS diagnosis
n = 15,861

No first-line biologics (TNF inhibitors) prescribed after AS diagnosis

n=5

Figure 1. Study flow. AS, ankylosing spondylitis; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; PsA, psoriatic arthritis; IBD,

inflammatory bowel disease; TNF, tumor necrosis factor.
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day criterion. Statistical analyses were performed using SAS
Enterprise Guide (version 6.1; SAS Institute, Inc., Cary, NC,
USA) and R (version 3.5.2; R Foundation for Statistical Com-
puting, Vienna, Austria). Additional graphs were produced
using Microsoft Excel.

Ethics approval

This study was reviewed by the Inje University llsan Paik
Hospital Institutional Review Board (ISPAIK 2023-11-003-
001) in accordance with the ethical principles of the Helsinki
Declaration. All patient information was anonymized, and
the processed data were provided by the Health Insurance
Review & Assessment Service. Consequently, informed con-
sent was not required.

RESULTS

Baseline characteristics

Table 1 presents the baseline characteristics of patients with
radiographic axial SpA treated with a first-line biologic. More
than half of the patients (56.5%) were under 39 years of
age, and the majority were male (79.3%). In addition, over
half of these patients (53.3%) received treatment at tertia-
ry hospitals. Approximately 74.8% of patients were treat-
ed in the internal medicine department, with smaller pro-
portions treated in orthopedic (17.4%) and neurosurgery
(5.2%) departments. The most frequently selected first-line
biological agent was adalimumab, followed by golimumab,
etanercept, and infliximab. Figure 2 shows the trends in TNFi
prescriptions between January 2012 and June 2022. Golim-
umab use increased rapidly but showed a gradual decline
over time. Most recently, adalimumab has become the most
commonly prescribed biologic agent.

Table 2 presents the treatment patterns of patients who
received their first biologic agent. More than 60% of pa-
tients receiving adalimumab, etanercept, or infliximab were
prescribed these drugs at tertiary hospitals, with over 90%
receiving them from internal medicine departments. In con-
trast, only 39.2% of golimumab prescriptions were from
tertiary hospitals, of which 51.8%, 35.4%, and 11.8% were
prescribed by the internal medicine, orthopedic surgery,
and neurosurgery departments, respectively. Approximately
11% of patients initially diagnosed by a non-internal med-
icine specialist went on to receive TNFi treatment in the in-
ternal medicine department. Specifically, 17.4% of patients
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Table 1. Baseline characteristics of the study population

Variable n (%)
Total patients 5,944 (100.0)
Age group (yr)
20-29 1,769 (29.8)
30-39 1,590 (26.7)
40-49 1,307 (22.0)
50-59 831 (14.0)
60-84 447 (7.5)
Sex
Male 4,715 (79.3)
Female 1,229 (20.7)
Year of AS diagnosis
2012-2015 2,117 (35.6)
2016-2018 2,128 (35.8)
2019-2022 1,699 (28.6)
Type of medical institution
Tertiary Hospital 3,170 (53.3)
General Hospital 1,937 (32.6)
Hospital 611 (10.3)
Clinic 226 (3.8)
Clinical specialty
Internal medicine 4,446 (74.8)
Orthopedics 1,033 (17.4)
Neurosurgery 311 (5.2)
Others 154 (2.6)
Department
Internal medicine 4,446 (74.8)
Non-internal medicine 1,498 (25.2)
Comorbidities (1 year prior to AS index date)
Diabetes mellitus 545 (9.2)
Dyslipidemia 1,654 (27.8)
Hypertension 903 (15.2)
Ischemic heart disease 76 (1.3)
Stroke 201 (3.4)
Asthma 458 (7.7)
COPD 32(0.5)
Charlson comorbidity index
0 3,033 (51.0)
1 1,634 (27.5)
2+ 1,277 (21.5)
First use of biologics
Adalimumab 2,543 (42.8)
Etanercept 1,026 (17.3)
Infliximab 876 (14.7)
Golimumab 1,499 (25.2)

AS, ankylosing spondylitis; COPD, chronic obstructive
pulmonary disease.
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were diagnosed in the orthopedic surgery department; nev-
ertheless, only 10.5% remained under orthopedic care for
TNFi; similarly, 5.2% were diagnosed in the neurosurgery
department, but just 3.1% received TNFi within this depart-
ment. The majority of these transitioned patients were treat-
ed with golimumab.

TNFi prescription patterns across medical
specialties
Figure 3 presents the Kaplan—Meier curves illustrating TNFi
drug retention based on clinical specialty. The highest re-
tention was observed in internal medicine, followed by
orthopedic surgery, neurosurgery, and other specialties.
Supplementary Figure 1 shows the drug retention curves of
adalimumab, etanercept, infliximab, and golimumab based
on clinical specialty. Supplementary Table 3 presents the
median time (in days) to 50% discontinuation for each TNFi
by clinical specialty. Direct comparison is limited owing to
differences in the number of TNFi prescriptions preferred
by each specialty; nevertheless, golimumab showed a no-
table gap in discontinuation time between departments:
the median time to 50% discontinuation was 971.0 days
[851-1,140] in internal medicine compared with 592.5 days
[534-651] in orthopedic surgery, demonstrating a differ-
ence greater than 1 year.

Table 3 shows the results of multivariable analyses exam-

Proportion of prescriptions (%)

The Korean Journal of Internal Medicine Vol. 41, No. 4, July 2026

ining factors associated with TNFi discontinuation. In the first
multivariable analysis, orthopedic surgery (hazard ratio [HR]
1.24, 95% confidence interval [CI] 1.11-1.37), neurosurgery
(HR 1.82, 95% Cl 1.53-2.16), and other departments (HR
2.41, 95% ClI 1.72-3.36) showed significantly higher HRs
for discontinuation than those of internal medicine. Com-
pared with golimumab, infliximab was associated with a sig-
nificantly lower HR (HR 0.88, 95% Cl 0.80-0.97), whereas
adalimumab was associated with a higher HR for discontin-
uation (HR 1.11, 95% CI 1.03-1.19). In addition, female sex
(HR 1.11, 95% Cl 1.04-1.18), older age (HR 1.21, 95% ClI
1.10-1.33), treatment at non-tertiary hospitals (general hos-
pital: HR 1.23, 95% Cl 1.16-1.30, hospital: HR 1.21, 95%
Cl 1.08-1.35, clinic: HR 1.24, 95% CI 1.01-1.51), and the
presence of dyslipidemia (HR 1.12, 95% Cl 1.06-1.19) were
associated with higher HRs for discontinuation. The second
multivariable analysis yielded similar results.

Stratified analysis of TNFi drug retention by
internal medicine and non-internal medicine
departments

Figure 4 presents the Kaplan—Meier curves illustrating TNFi
drug retention based on the agent used, stratified by all
departments, including internal medicine, and non-internal
medicine specialties. In the overall cohort, the median time
to 50% discontinuation was longest for infliximab, followed

2012 2013 2014 2015 2016

I Adalimumab

M Etanercept

100% -
90% -
80% -
70%
60% -
50% -
40% -
30% -
20% -
10% -

0% -

2017 2018 2019 2020 2021
Year

2022.06

[ Infliximab B Golimumab

Figure 2. Annual trends in TNFi use. Prescriptions for adalimumab have steadily increased over the study period. TNFi, tumor necrosis fac-

tor inhibitor.
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Table 2. Treatment patterns of patients treated with the first TNFi

Variable Total Adalimumab Etanercept Infliximab Golimumab
Total (n) 5,944 2,543 1,026 876 1,499
Time of initiation (from AS diagnosis) (d) 182 [93-647]  219[105-765] 163.5[91-567] 189 [94-641] 131 [70-478]
Sex
Male 4,715 (79.3) 1,994 (78.4) 824 (80.3) 691 (78.9) 1,206 (80.5)
Female 1,229 (20.7) 549 (21.6) 202 (19.7) 185 (21.1) 293 (19.5)
Year of AS diagnosis
2012-2015 2,117 (35.6) 882 (34.7) 453 (44.2) 424 (48.4) 358 (23.9)
2016-2018 2,128 (35.8) 875 (34.4) 343 (33.4) 276 (31.5) 634 (42.3)
2019-2022 1,699 (28.6) 786 (30.9) 230(22.4) 176 (20.1) 507 (33.8)
Age group (yr)
20-29 1,532 (25.8) 719 (28.3) 221 (21.5) 235(26.8) 357 (23.8)
30-39 1,577 (26.5) 693 (27.3) 274 (26.7) 246 (28.1) 364 (24.3)
40-49 1,403 (23.6) 633 (24.9) 234 (22.8) 206 (23.5) 330(22.0)
50-59 891 (15.0) 329 (12.9) 192 (18.7) 124 (14.2) 246 (16.4)
60-84 541 (9.1) 169 (6.6) 105 (10.2) 65 (7.4) 202 (13.5)
Year of biologics initiation
2012-2015 1,717 (28.9) 677 (26.6) 384 (37.4) 388 (44.3) 268 (17.9)
2016-2018 1,534 (25.8) 574 (22.6) 254 (24.8) 179 (20.4) 527 (35.2)
2019-2022.06 2,693 (45.3) 1,292 (50.8) 388 (37.8) 309 (35.3) 704 (47.0)
Type of medical institution
Tertiary hospital 3,357 (56.5) 1,577 (62.0) 638 (62.2) 554 (63.2) 588 (39.2)
General hospital 1,962 (33.0) 883 (34.7) 312 (30.4) 249 (28.4) 518 (34.6)
Hospital 517 (8.7) 44(1.7) 54 (5.3) 62 (7.1) 357 (23.8)
Clinic 108 (1.8) 39 (1.5) 22 (2.1) 11 (1.3) 36 (2.4)
Clinical specialty
Internal medicine 5,102 (85.8) 2,518 (99.0) 967 (94.2) 841 (96.0) 776 (51.8)
Orthopedics 622 (10.5) 19(0.7) 42 (4.1) 31(3.5) 530 (35.4)
Neurosurgery 185 (3.1) 1(0.0) 4(0.4) 3(0.3) 177 (11.8)
Others 35(0.6) 5(0.2) 13(1.3) 1(0.1) 16 (1.1)
Department
Internal medicine 5,102 (85.8) 2,518 (99.0) 967 (94.2) 841 (96.0) 776 (51.8)
Non-internal medicine 842 (14.2) 25(1.0) 59 (5.8) 35 (4.0) 723 (48.2)
Comorbidities (1 year prior to biologics initiation)
Diabetes mellitus 699 (11.8) 275 (10.8) 133 (13.0) 97 (11.1) 194 (12.9)
Dyslipidemia 2,576 (43.3) 1,215 (47.8) 455 (44.3) 360 (41.1) 546 (36.4)
Hypertension 1,174 (19.8) 471 (18.5) 210 (20.5) 165 (18.8) 328(21.9)
Ischemic heart disease 236 (4.0) 88 (3.5) 54 (5.3) 31 (3.5) 63 (4.2)
Stroke 87 (1.5) 30(1.2) 15 (1.5) 9(1.0) 33(2.2)
Asthma 453 (7.6) 163 (6.4) 106 (10.3) 72 (8.2) 112 (7.5)
COPD 45 (0.8) 16 (0.6) 10 (1.0) 6 (0.7) 13 (0.9)
Charlson comorbidity index
0 2,190 (36.8) 919 (36.1) 358 (34.9) 340 (38.8) 573 (38.2)
1 1,821 (30.6) 814 (32.0) 300(29.2) 251 (28.7) 456 (30.4)
2+ 1,933 (32.5) 810 (31.9) 368 (35.9) 285 (32.5) 470 (31.4)

Values are presented as median [interquartile range] or number (%).
TNFi, tumor necrosis factor inhibitor; AS, ankylosing spondylitis; COPD, chronic obstructive pulmonary disease.
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by etanercept, golimumab, and adalimumab. However, go-
limumab showed the longest median retention, followed
by infliximab, etanercept, and adalimumab, within internal
medicine. The retention of golimumab considerably varied
across specialties, with the shortest retention observed out-
side internal medicine. In non-internal medicine specialties,
adalimumab showed the longest median time to 50% dis-
continuation.

Sensitivity analysis

A sensitivity analysis was conducted using a 91-day thresh-
old for TNFi discontinuation to assess the robustness of the
primary findings. Supplementary Figure 2 shows the TNFi
drug retention based on clinical specialty (A) and the agent
used (B), demonstrating patterns consistent with the main
analysis. In Supplementary Table 4, multivariable analysis
results remained largely consistent: non-internal medicine
specialties were associated with a significantly higher haz-
ard of discontinuation compared with internal medicine (HR
1.15, 95% Cl 1.04-1.27); meanwhile, no significant differ-
ence was observed for orthopedic surgery (HR 1.05, 95%
Cl 0.95-1.17). Etanercept showed a significantly higher
HR than that of golimumab (HR 1.10, 95% CI 1.01-1.20),
whereas female sex and older age were not significantly as-

Persistent use of biologics in AS patients

100% =
75% -

50% -

Cumulative incidence (%)

2500

0%

Clinical specialty

== |nternal medicine == Orthopedics
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sociated with discontinuation. These findings support the
robustness of the primary results.

DISCUSSION

In this study, the prescribing patterns and drug retention
rates of TNFi were compared across different medical spe-
cialties. Most TNFi prescriptions were issued in the internal
medicine department; however, golimumab was an excep-
tion, with approximately half of its prescriptions originating
from other specialties, most notably orthopedic surgery.
TNFi retention was the highest in the internal medicine de-
partment, and retention patterns varied by drug and by spe-
cialty. These findings suggest that departmental patterns of
care may be associated with TNFi treatment persistence in
patients with axial SpA. In the Korean healthcare setting,
these findings may have implications for specialist referral
pathways, broader dissemination of treatment guidelines
across specialties, and healthcare policies aimed at improv-
ing access to appropriate long-term management for pa-
tients with axial SpA.

Because claims data do not include key clinical indica-
tors such as disease activity scores, inflammatory markers,

Neurosurgery Others

0 365 730
Continuous duration (days)

Number at risk

Internal medicine 5,102 3,483 2,602
Orthopedics 622 396 272
Neurosurgery 185 83 49
35 17 9

T T T
1,095 1,460 1,825

1,999 1,517 1,169
188 127 87
35 18 10
3 2 1

Figure 3. TNFi retention rates by clinical specialty. Internal medicine demonstrated higher TNFi retention rates than other specialties. AS,

ankylosing spondylitis; TNFi, tumor necrosis factor inhibitor.
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Table 3. Factors associated with discontinuation of TNFis

, Univariate analysis Multivariable analysis 1 Multivariable analysis 2
Variable Total
HR 95% Cl pvalue HR 95% Cl pvalue HR 95% Cl p value

First use of biologics

Adalimumab 2543 095 090 102 0.148 1.1 1.03 1.19 0.009 1.1 1.03 1.20 0.008

Etanercept 1,026 086 0.80 094 <0.001 100 091 109 0933 1.00 091 1.09 0.931

Infliximab 876 076 070 082 <0001 088 080 097 0.007 0.88 0.80 096 0.005

Golimumab 1,499 1.00 <0.001 1.00 <0.001 1.00 < 0.001
Sex

Male 4,715  1.00 1.00 1.00

Female 1,229 112 1.05 119 <0.001 111 1.04 1.8 0.002 1.10 1.04 118 0.002
Age group (yr)

20-59 5,403 1.00 1.00 1.00

60-84 541 135 1.23 147 <0.001 121 110 133 <0001 122 1.1 1.34 <0.001
Type of medical institution

Tertiary hospital 3,357 1.00 <0.001 1.00 < 0.001 < 0.001

General hospital 1,962 126 119 133 <0001 123 116 130 <0.001 122 115 129 <0.001

Hospital 517 144 131 158 <0.001 1.21 1.08 1.35 0.001 125 112 1.39 <0.001

Clinic 108 1.39 115 1.69 0.001 124 1.01 1.51 0.036 117 096 143 0.121
Clinical specialty

Internal medicine 5102 1.00 <0.001 1.00 <0.001

Orthopedics 622 128 118 140 <0001 124 1M 1.37 <0.001

Neurosurgery 185 200 173 232 <0001 182 153 216 <0.001

Others 35 224 161 312 <0.001 241 172 336 <0.001
Department

Internal medicine 5102 1.00 1.00

Non-internal medicine 842 142 132 153 <0.001 135 122 149 <0.001
Comorbidities (1 year prior to biologics initiation)

Diabetes mellitus 699 1.16 1.07 1.26 <0.001 1.01 0.93 1.1 0.755 1.01 0.93 1.1 0.774

Dyslipidemia 2576 116 11 122 <0.001 112 106 119 <0001 113 1.07 120 <0.001

Hypertension 1174 113 1.06 121 <0001 104 097 1M 0333 1.03 096 1.11 0.401

Ischemic heart disease 236 1.07 094 1.22 0.314

Stroke 87 113 091 139 0.271

Asthma 453 092 083 101 0.080 0.88 0.80 0.97 0.011 088 079 097 0.010

COPD 45 1.00 0.75 1.35 0.982
Charlson comorbidity index

0 2,190 1.00 <0.001 1.00 0.312 1.00 0.297

1 1,821 1.02 095 1.08 0638 099 093 106 0842 099 093 106 0.857

2+ 1,933 113 106 1.20 0.000 1.05 097 113 0.221 1.05 097 113 0.206

TNFi, tumor necrosis factor inhibitor; HR, hazard ratio; Cl, confidence interval; COPD, chronic obstructive pulmonary disease.

or imaging findings, differences in baseline disease severity drug retention should be interpreted as a proxy outcome
across specialties could not be fully considered. Therefore, influenced by multiple clinical and non-clinical factors rather
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Persistent use of biologics in AS patients
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Figure 4. Comparison of TNFi retention by specialty: (A) all specialties, (B) internal medicine, and (C) non-internal medicine. In the overall
TNFi Kaplan—Meier curves, adalimumab reached 50% discontinuation fastest, whereas infliximab reached this level slowest (A). Within
the internal medicine subgroup, adalimumab again showed the shortest time to 50% discontinuation, with golimumab showing the lon-
gest time (B). In the non-internal medicine subgroup, prescription numbers for TNFi other than golimumab were too low to permit reliable
comparisons (C). AS, ankylosing spondylitis; TNFi, tumor necrosis factor inhibitor.

than a direct measure of treatment efficacy or safety. How- tiveness, tolerability, and healthcare delivery, and can com-
ever, drug retention is a useful real-world outcome that plement evidence from randomized controlled trials [12,13].
may reflect multiple aspects of treatment, including effec- We compared drug persistence across departments to ex-
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Figure 4. Continued

plore whether departmental patterns of care were associat-
ed with treatment persistence rather than directly compar-
ing clinical outcomes. In our study, the median time to 50%
drug retention was 971.0 days in internal medicine com-
pared with 592.5 days in orthopedic surgery, and the HRs
for discontinuation were significantly higher in orthopedic
surgery (HR 1.24) and neurosurgery (HR 1.84) than in inter-
nal medicine. These findings suggest that treatment in the
internal medicine department may be associated with better
long-term treatment persistence in patients with axial SpA.
Possible explanations for the observed differences in TNFi
persistence across specialties include variation in familiarity
with SpA management, biologic monitoring practices, rec-
ognition and management of adverse events, and referral or
follow-up patterns within multidisciplinary care. However,
these factors could not be directly assessed in the claims
database and should therefore be interpreted as potential
contributors rather than confirmed mechanisms.

In the management of axial SpA, structured educational
programs and guidelines have been developed to support
the appropriate use of biologic agents [14-18]. The emer-
gence of various biologics with different modes of action,
as well as newer therapies such as Janus kinase (JAK) inhibi-
tors, underscores the need for continuous education and re-
search among rheumatologists. Moreover, axial SpA is char-

https://doi.org/10.3904/kjim.2026.015

10 5 3
12 8 4
14 14 13
190 120 78

acterized by diverse extra-musculoskeletal manifestations.
Hence, selecting personalized and appropriate treatments
is more critical [19,20]. In addition to accurate diagnosis
and proper drug selection, the continued management of
patients receiving biologics requires consideration of mul-
tiple factors, including disease activity monitoring, adverse
events, development or recurrence of extra-musculoskeletal
manifestations, patient compliance, and cost-effectiveness.
The guidelines recommend that rheumatologists encourage
interdisciplinary collaboration with all relevant specialties,
supported by targeted education and incentives, to ensure
comprehensive, patient-centered axial SpA care [21-23].

In this study, among patients who received a first-line bio-
logic, 25.2% were diagnosed with radiographic axial SpA by
non-internal medicine departments and 17.4% by orthope-
dic surgery. Approximately 11% of patients appear to have
transitioned from non-internal medicine to internal medi-
cine for biologic therapy, whether through interdisciplinary
consultation, referral, or the patient’s own decision. Nota-
bly, golimumab showed a significantly higher proportion of
prescriptions from non-internal medicine departments and
in hospital-level institutions, rather than tertiary care cen-
ters or general hospitals. This pattern raises the possibility of
channeling bias. Therefore, the observed specialty-specific
differences in golimumab retention should be interpreted
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with caution. Such differences may reflect prescribing pref-
erences, institutional practice patterns, or patient selection
rather than intrinsic differences in drug performance or
management quality alone. Although the reasons for this
distribution cannot be fully determined from claims data,
differences in the healthcare setting and prescribing con-
text under the Korean national health insurance system may
have contributed to these patterns.

Additionally, differences in reimbursement structure and
prescribing environment under the Korean national health
insurance system may have contributed to these patterns.
Notably, from a policy perspective, reimbursement structures
may need to better reflect the complexity and long-term
management needs of chronic diseases such as axial SpA. If
such structural issues persist, there may be a risk of increased
variation in biologic use across specialties, with possible im-
plications for healthcare costs and continuity of care. Under
the Korean national health insurance system, low reimburse-
ment rates may influence prescribing behavior and care de-
livery in ways that warrant further attention [24,25].

Health insurance claims data offer the advantage of large-
scale analysis, and in Korea, where data from the entire pop-
ulation is available, valuable insights into healthcare trends
can be provided, and policy decisions may be informed.
However, without proper stratified analysis or the use of
well-defined inclusion and exclusion criteria, such studies risk
producing misleading conclusions [26,27]. In our study, reten-
tion rates for golimumab markedly differed when comparing
all specialties versus internal medicine alone, underscoring
how aggregation can obscure important specialty-specific
patterns. Therefore, caution is warranted when interpreting
drug retention rates, particularly when comparing different
biologic agents or treatment strategies. To minimize these
limitations, we recommend applying rigorous eligibility cri-
teria and collaborating with experienced researchers during
study design and interpretation.

We also identified several additional findings of interest.
Compared with those in tertiary hospitals, patients treated
at general hospitals and smaller institutions faced a signifi-
cantly higher risk of TNFi discontinuation, underscoring the
need for enhanced education of healthcare providers on
biologic agents and axial SpA management [3,28]. Dyslipid-
emia was likewise associated with a higher risk of discontin-
uation, highlighting that cardiovascular care is important in
patients with axial SpA [29]. In contrast, asthma was linked
to a lower risk of discontinuation, a relationship that war-
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rants further in-depth investigation.

This study has some limitations. First, we analyzed data
from only the first TNFi prescribed to each patient. Evalu-
ating second- or third-line biologics would require a more
complex study design, with confounding factors becoming
difficult to control. Moreover, under the Korean national
health insurance system, subsequent therapies can include
agents with different modes of action, such as secukinumab
or JAK inhibitors, making uniform comparisons challenging.
Additionally, transitions between specialties during treat-
ment were not separately analyzed, because such changes
may occur for diverse clinical and non-clinical reasons that
cannot be determined from claims data alone (e.qg., disease
worsening, patient preference, referral patterns, or institu-
tional factors). Such analyses would also require consider-
ation of bidirectional movement across specialties to ensure
fair interpretation. Second, when obtaining data from the
HIRA service, departments could only be broadly classified as
internal medicine, and rheumatology could not be identified
separately. Accordingly, although internal medicine-based
care in this setting may often reflect rheumatology-led man-
agement, our findings should be interpreted according to
departmental classification and with caution. Third, the fo-
cus was on drug retention as an outcome. Differences in
retention rates among TNFi do not necessarily indicate dif-
ferences in efficacy, safety, or cost. Such distinctions would
need to be clarified through clinical studies specifically de-
signed to compare these aspects. Future prospective studies
incorporating detailed clinical assessments, including disease
activity measures and reasons for drug discontinuation, will
be needed to better clarify the relationship between specialty
of care and long-term treatment persistence. Finally, factors
such as treatment accessibility and cost are also important
determinants of drug retention. However, because of the
limitations of the HIRA database, we were unable to analyze
variables related to healthcare costs or regional accessibility.

In conclusion, we examined drug retention rates across
medical specialties in the treatment of radiographic axial
SpA. TNFi retention was the highest in the internal medicine
department, suggesting that departmental patterns of care
may be associated with treatment persistence. These find-
ings support the need for continuous education, standard-
ized management approaches, and appropriate guideline
dissemination across specialties to promote optimal multi-
disciplinary care.
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Supplementary Table 1. Operational definitions of inclusion and exclusion criteria, and comorbidities

Category Disease ICD-10 codes Number of diagnosis/additional definition
Inclusion Ankylosing spondylitis M45 V140 (rare incurable disease registration code)
Exclusion Systemic lupus erythematosus M32
Rheumatoid arthritis MO05, M06
Bechet's disease M352
Psoriatic arthropathy MO7
Inflammatory bowel disease K51, K50
Comorbidities  Charlson comorbidity index ref. Quan 2005
Diabetes mellitus E10-E14 Admission or outpatient clinic > 1 within a year
Dyslipidemia E78 Admission or outpatient clinic > 1 within a year
Hypertension 110-113, 115 Admission or outpatient clinic > 1 within a year
Ischemic heart disease 120-25 Admission or outpatient clinic > 1 within a year
Stroke 163, 164, 1693, 1694, G459  Admission or outpatient clinic > 1 within a year
COPD J44 Admission or outpatient clinic > 1 within a year
Asthma J45-46 Admission or outpatient clinic > 1 within a year

ICD, International Classification of Diseases; COPD, chronic obstructive pulmonary disease.
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Supplementary Table 2. Medication codes of TNFi

Therapeutic class

Category torsefpiion duriler) General name HIRA formulary code (9 digit)
Medications TNFi Adalimumab 488431BlJ, 488433BlJ, 4884308BlJ, 4884018BlJ, 488432BlJ
Etanercept 455830BlJ, 455831BlJ, 455803BlJ, 455802BlJ, 455801BJ
Golimumab 6212308BlJ, 621231BlJ, 621232Bl)
Infliximab 3835028BlJ, 383501BlJ, 687001BlJ

Interleukin-17 inhibitor

Interleukin-12/23 inhibitor
Interleukin-23 inhibitor

Secukinumab
Ixekizumab
Ustekinumab
Guselkumab
Risankizumab

6446028BlJ, 644603Bl)
667801BlJ

615032BlJ, 6150308lJ, 615031BlJ
670901BlJ

686202BlJ, 686201BlJ

TNFi, tumor necrosis factor inhibitor.
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Total Adalimumab Etanercept Infliximab Golimumab
Total, number of patients 5,944 2,543 1,026 876 1,499
Median [lower, upper] 709 [680, 750]  651.0[611, 681] 836.0[777,895] 860.5[764,993] 689.0[631, 752]
Internal medicine, number of patients 5,102 2,518 967 841 776
Median [lower, upper] 763 [716, 797] 649 [610, 680] 854 [797, 932] 871[774,995] 971.0[851, 1140]
Orthopedics, number of patients 622 19 42 31 530
Median [lower, upper] 602 [541,682]  938[309, 1498] 590 [156, 930] 834 [265, NA] 592.5 [534, 651]
Neurosurgery, number of patients 185 1 4 3 177
Median [lower, upper] 280 [228, 457] 1 [NA, NA] 243 [1, NA] 113 [1, NA] 288.0[229, 473]
Others, number of patients 35 5 13 1 16
Median [lower, upper] 349 (194, 643] 336 [290, NA] 227 (84, NA] 49 [NA, NA] 495.5[99, 1038]
Non-internal medicine, number of 842 25 59 35 723
patients
Median [lower, upper] 528.5[477,575) 819[290,1249] 349 (176, 741] 771 [244, NA] 531 [484, 575]

TNFi, tumor necrosis factor inhibitor.
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Supplementary Table 4. Sensitivity analysis of factors associated with TNFi persistence (91-day threshold)

Univariate analysis

Multivariable analysis 1

Multivariable analysis 2

Variable
HR 95% Cl p value HR 95% Cl p value HR 95% ClI p value

First use of biologics

Adalimumab 1.05 0.98 1.1 0.181 114 1.06 1.23 0.001 1.14 1.06 1.24 0.001

Etanercept .01 094 110 0757 110  1.01 1.20 0.032 110 101 1.21 0.028

Infliximab 075 069 082 <0001 08 076 091 <0001 083 075 091 <0.001

Golimumab 1.00 <0.001 1.00 <0.001 1.00 <0.001
Sex

Male 1.00

Female 1.01 0.95 1.08 0.675
Age group (yr)

20-59 1.00 1.00 1.00

60-84 .08 099 1.8 0083 104 095 114 0410 104 095 114 0.370
Type of medical institution

Tertiary hospital 1.00 <0.001 1.00 < 0.001 < 0.001

General hostpial 1.22 1.15 1.29 <0.001 1.21 114 128 <0.001 120 113 126 <0.001

Hospital 1.27 115 139 <0.001 1.8 1.06 1.32 0.002 1.22 1.10 1.35 0.000

Clinic 1.33 1.10 1.61 0.004 1.28 1.05 1.56 0.015 1.22 1.00 1.48 0.053
Clinical specialty

Internal medicine 1.00 <0.001 1.00 < 0.001

Orthopedics 1.07 098 1.6 0123 105 095 117 0.331

Neurosurgery 1.55 134 180 <0.001 149 126 178 < 0.001

Others 245 176 342 <0001 253 181 354 <0.001
Department

Internal medicine 1.00 1.00

Non-internal medicine  1.18 1.09 1.27 <0.001 115 1.04 127 0.005
Comorbidities (1 year prior to biologics initiation)

Diabetes mellitus .01 094 110 0.760

Dyslipidemia .08  1.03 1.4 0.003 106 101 1.12 0.033 1.07 101 1.12 0.018

Hypertension 1.01 095 1.08 0.705

Ischemic heart disease  0.96  0.85  1.10 0.571

Stroke 092 074 113 0.426

Asthma 0.93 0.85 1.02 0.138

COPD 0.96 0.72 1.29 0.784
Charlson comorbidity index

0 1.00 0.331

1 .00 094 107 0.930

2+ 1.04 098 111 0.175

TNFi, tumor necrosis factor inhibitor; HR, hazard ratio; Cl, confidence interval; COPD, chronic obstructive pulmonary disease.
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Persistent use of adalimumab in AS patients
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Persistent use of infliximab in AS patients
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Persistent use of etanercept in AS patients

Clinical specialty === Internal medicine === Orthopedics === Neurosurgery === Others
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Persistent use of golimumab in AS patients

Clinical specialty === Internal medicine === Orthopedics === Neurosurgery === Others
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Supplementary Figure 1. Department-specific survival curves for each biologics. AS, ankylosing spondylitis.
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Persistent use of biologics in AS patients
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Supplementary Figure 2. Sensitivity analysis of persistence of TNFi. AS, ankylosing spondylitis; TNFi, tumor necrosis factor inhibitor.

www.kjim.org

https://doi.org/10.3904/kjim.2026.015


www.kjim.org

