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Abstract
Background: The clinical data on the biologic disease-modifying antirheumatic drug (bDMARD) use in
late-onset ankylosing spondylitis (LOAS) is limited. Thus, this study aimed to evaluate the drug e�cacy
and retention rate of bDMARDs in LOAS and compare it to young-onset ankylosing spondylitis (YOAS).

Methods: Data of patients with AS receiving bDMARDs were extracted from the Korean College of
Rheumatology Biologics and Targeted Therapy registry. Patients whose age of onset was > 50 years and
< 50 years were classi�ed as having LOAS and YOAS, respectively. Their baseline characteristics and
disease-associated parameters were evaluated. Drug e�cacy (Ankylosing Spondylitis Disease Activity
Score [ASDAS]-clinically important improvement [CII], ASDAS-major improvement [MI], Assessment of
SpondyloArthritis International Society [ASAS] 20, and ASAS 40) at 1-year follow-up and drug retention
rates were assessed.

Results: A total of 1708 patients (comprising 1472 patients with YOAS and 236 patients with LOAS) were
included in this analysis. The LOAS group had a lower prevalence among males, lower HLA-B27 positivity
and a higher prevalence of peripheral arthritis. Patients with LOAS were more likely to have higher
disease-associated parameters (in�ammatory reactants, patient global assessment, ASDAS-erythrocyte
sedimentation rate, and ASDAS-C-reactive protein). LOAS was negatively associated with achieving
ASDAS-CII, ASAS 20, and ASAS 40. The drug retention rate was lower in LOAS; however, the propensity
score-matched and covariate-adjusted hazard ratios for bDMARD discontinuation were comparable to
YOAS. There were no differences in the drug retention rates based on the type of bDMARD used in LOAS.

Conclusion: Inferior clinical e�cacy and drug retention rates were found in patients with LOAS receiving
bDMARDs using real-world nationwide data. There were no differences among each bDMARD type.

Key Messages
1. Drug e�cacy of bDMARDs in late-onset AS was lower than in young-onset AS.

2. Drug retention rate of bDMARDs in late-onset AS was lower than in young-onset AS

3. However, being LOAS was not an independent predictor for bDMARDs discontinuation.

Background
Ankylosing spondylitis (AS) is a prototype of axial spondyloarthritis (axSpA), which is a chronic and
systemic in�ammatory arthritis of the axial skeleton, associated with radiographic changes [1].
Symptoms usually begin before the age of 30 years, and patients are often diagnosed before the age of
40 years. Patients with human leukocyte antigen (HLA)-B27 are more likely to develop axSpA [2].

Although the Assessment of SpondyloArthritis International Society (ASAS) classi�cation has criteria for
in�ammatory back pain starting at < 45 years of age [3], some patients are diagnosed at an older age due
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to late symptom onset [4]. The issue of patients with late-onset AS (LOAS) raises concerns for revising
the de�nition of in�ammatory back pain. Unlike young-onset AS (YOAS), LOAS is less likely to be
associated with HLA-B27 positivity, in�ammatory back pain, alternating buttock pain, radiographic
sacroiliitis, and hip involvement [4-8]. ). More frequently observed features in LOAS are cervical spine
involvement and peripheral arthritis as �rst manifestations, dactylitis, articular synovitis on power
Doppler ultrasound, tenosynovitis or peritendinitis of digit and wrist �exors, and enthesitis of digital
collateral ligaments. Additionally, LOAS is associated with female sex, higher levels of acute-phase
reactants, nail involvement, and psoriasis [4-6, 9].

AS is usually an early onset disease and is rarely diagnosed in older people. Late-onset disease
(symptom onset > 50 years of age) can mimic other rheumatic diseases. This results in a delayed
diagnosis of axSpA. Physicians often misdiagnose LOAS as rheumatoid arthritis, polymyalgia
rheumatica, and osteoarthritis, as these are more common in the middle age group [10]. The current entry
criterion for in�ammatory back pain onset < 45 years in axSpA makes diagnosing LOAS challenging and
increases the chances of delayed diagnoses and misdiagnoses.  

Biologic disease-modifying antirheumatic drugs (bDMARDs) are emerging as promising treatments for
AS. Current ASAS/European League Against Rheumatism (EULAR) [11] and American College of
Rheumatology/Spondylitis Association of America/Spondyloarthritis Research and Treatment Network
[12] guidelines recommend their use in patients who do not respond to non-steroidal anti-in�ammatory
drugs (NSAIDs). The demand for bDMARD prescription would increase if it was shown to have a higher
retention rate. However, there is insu�cient data on the long-term drug e�cacy and retention rate in
patients with LOAS [10].

This study aimed to identify the e�cacy and retention rate of bDMARDs in patients with AS > 50 years of
age (LOAS) and compare them with the YOAS group in the Korean population. In addition, we also aimed
to evaluate the impact of LOAS on drug e�cacy and retention rate.

Methods
Patient population and data collection

Data were extracted from the Korean College of Rheumatology Biologics and Targeted Therapy (KOBIO)
Registry. This is a nationwide prospective cohort that collects data on adverse events and e�cacy of
biologic and targeted synthetic DMARDs (tsDMARDs) in patients with AS, rheumatoid arthritis, and
psoriatic arthritis [13]. A total of 58 tertiary hospital rheumatologic clinics participate in this registry that
has been established in 2012. The inclusion criteria for this study were age > 18 years; patients ful�lling
the 1984 modi�ed New York (mNY) criteria for AS [14]; and patients who were initiated on, switched to, or
re-started on bDMARDs. Patients with non-radiographic axSpA are not enrolled in the KOBIO registry. The
patients with AS were divided into LOAS (symptom onset at age > 50 years) and YOAS (symptom onset
at age < 50 years) as per previous studies [4, 10, 15]. Data of patients from the beginning of the registry
until October 2020 were included in this study and 2023 patients were initially screened. Informed
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consent was obtained from all participants before enrolment at each centre. This study was conducted
according to the principles of the Declaration of Helsinki and was approved by the Institutional Review
Board of Konkuk University Medical Centre (KUMC 2020-12-001).

Data analysis

Baseline demographics assessed the features of AS and the laboratory information according to the
ASAS classi�cation criteria for axSpA , which are in�ammatory back pain, arthritis, enthesitis, uveitis,
dactylitis, psoriasis, Crohn’s colitis, good response to NSAIDs, family history of SpA, HLA-B27 positivity,
and elevated C-reactive protein (CRP). Disease-associated parameters such as Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), Patient’s Global Assessment (PGA), Bath Ankylosing
Spondylitis Functional Index (BASFI), Ankylosing Spondylitis Disease Activity Score (ASDAS)-Erythrocyte
Sediment Rate (ESR), and ASDAS-CRP were calculated. They were assessed at the 1-year follow-up and
changes from baseline were used to assess drug e�cacy. The total bDMARD retention rate was also
evaluated. The ASDAS criteria for improvement were ≥ 1.1 units for clinically important improvement
(CII) and ≥ 2.0 units for major improvement (MI) [16]. The treatment response was assessed using ASAS
20 and ASAS 40. ASAS 20 was de�ned as an improvement of least 20% and at least 1 unit in 3 out of 4
domains (PGA, pain assessment, BASFI, and in�ammation) on a scale of 0 to 10, without worsening of
20% and at least 1 unit in the remaining domain. ASAS 40 was de�ned as an improvement of at least
40% and at least 2 units in 3 domains on a scale of 0 to 10, without worsening of 20% and at least 1 unit
in the remaining domain [17]. All results of LOAS were compared with those of YOAS.

Statistical analysis

Continuous variables were initially assessed using the Kolmogorov-Smirnov test to de�ne the normality
of distribution. Then Student’s t-test and Mann-Whitney U test were used to compare the continuous
variables and present them as mean (± SD) or median (IQR). Categorical variables were presented as
frequencies and percentages. The χ²-test (Mantel-Haenszel χ²-test for more than 2×2 categorical data) or
Fisher’s exact test were used for comparing categorical variables. Logistic regression identi�ed predictors
of ASDAS-CII, ASDAS-MI, ASAS 20, and ASAS 40 achievement at 1-year follow-up, and all known
covariates potentially in�uencing drug e�cacy were adjusted for. These include age, sex, HLA-B27
positivity, ASDAS, BASFI, presence of peripheral arthritis, history of bDMARD use (a dichotomous variable;
bDMARDs naïve versus bDMARDs exposed), type of bDMARD, and smoking status [18]. The results of
the logistic regression analysis were presented as odds ratio (OR) with 95% con�dence intervals (CI).
Drug retention was analysed using Kaplan-Meier plots and the log-rank test. Cox regression analysis was
used to determine the associated variates of bDMARD discontinuation. Propensity score (PS) matching
was performed as a 1:1 ratio via imputing variables known to in�uence drug response. These variables
include sex, body mass index (BMI), smoking status, HLA-B27 positivity, ASDAS, BASFI, peripheral
arthritis, and history of bDMARD use. A value of p < 0.05 was considered statistically signi�cant. All
analyses were performed using SPSS ver. 25 (version 25.0 for Windows, Chicago, IL, USA).
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Results
Baseline characteristics

A total of 1708 patients with 1-year follow-up data were included in this study, 1472 of whom belonged to
the YOAS group and 236 to the LOAS group. The median age was 29.0 years (22.1–37.1 years) and 57.0
years (IQR 54.0–61.1 years) for the YOAS and LOAS groups, respectively. Male predominance was lower
in the LOAS group than in the YOAS group (144 patients [61.0%] vs 1170 [79.5%], p < 0.001). More
patients in the LOAS group had never smoked (140 patients [59.3%] vs 719 patients [48.8%], p < 0.001).
Patients with LOAS were less likely to be HLA-B27 positive and more likely to have peripheral arthritis.
They were also more likely to have higher ESR, CRP, PGA, and ASDAS-ESR/CRP than those with YOAS
(Table 1).
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Drug e�cacy at 1-year follow-up

ASDAS-CII, ASDAS-MI, ASAS 20, and ASAS 40 achievement rates at 1-year follow-up for every type of
bDMARD are summarised in Table 2. Overall, ASDAS-CII and ASDAS-MI were not different between the
two groups, whereas ASAS 20 and ASAS 40 were higher in the YOAS group than in the LOAS group. In the
subgroup analysis of speci�c bDMARDs, there was no signi�cant difference in terms of ASDAS-CII,
ASDAS-MI, ASAS 20, and ASAS 40 between the two groups.
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The logistic regression analysis showed that LOAS, female sex, bDMARD naiveness, and secukinumab
were negatively associated with achieving ASDAS-CII. ASDAS-ESR was positively associated with
achieving ASDAS-CII (OR = 2.882) (Table 3). Female sex and BASFI score were positively associated with
achieving ASDAS-MI (Supplementary Table S1). LOAS, female sex, BMI < 18.5 kg/m2, ex-smoker and
current smoker statuses, HLA-B27 negativity, and bDMARD naiveness were negatively associated with
ASAS 20. The same variates (except for smoking status and BMI) were also negatively associated with
ASAS 40. ASDAS-ESR and BASFI were positively associated with ASAS 20 and ASAS 40 (Supplementary
Tables S2 & S3).
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AS-associated parameters were evaluated using BASDAI, PGA, ESR, CRP, ASDAS-ESR/CRP, and BASFI.
The overall scores of disease activity were higher in the LOAS group than in the YOAS group at baseline
and 1-year follow-up except for ESR. BASDAI was associated with a lesser decline in the LOAS group than
the YOAS group, whereas ESR and CRP were associated with a greater decline in LOAS group. The
changes of PGA, ASDAS-ESR/CRP, and BASFI between LOAS and YOAS were not signi�cantly different
(Table 4).

Drug retention
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The overall bDMARD retention rates of YOAS and LOAS with median durations of 13.5 months and 11.0
months, respectively are summarised in Figure 1A. In the LOAS group, the drug retention rate was
signi�cantly lower than YOAS (Log-rank test p = 0.003). The drug retention rate of LOAS at 1-year follow-
up was 72.5%, 57.9% at 3-year, 48.0% at 5-year, and 36% at 7-year follow-up. In YOAS, the drug retention
rate at 1-year follow-up was 81.2%, and the rates of every 2 years were 67.5%, 57.7%, and 46.1%,
consecutively. Among patients with LOAS (Figure 1B), adalimumab continuously had the highest and
etanercept had the lowest drug retention rates without any signi�cant differences (adalimumab vs
golimumab, Log-rank test p = 0.895; adalimumab vs in�iximab, Log-rank test p = 0.621; adalimumab vs
etanercept, Log-rank test p = 0.104). In the YOAS group (Figure 1C), golimumab consistently had the
highest drug retention rate during the 7 years (golimumab vs etanercept and in�iximab, Log-rank test p <
0.001; golimumab vs adalimumab, Log-rank test p = 0.05). The lowest retention rates were at the 3-year
follow-up for secukinumab, 4- to 7-year follow-up for in�iximab, without signi�cant differences with other
bDMARDs. The most common reasons for discontinuation were ine�cacy followed by adverse events in
both groups. In the LOAS group, etanercept demonstrated the highest ine�cacy (25.0%) and remission
(8.3%) while in�iximab had the highest rate of adverse events (16.9%). In the YOAS group, in�iximab had
the highest ine�ciency (15.4%) and etanercept had the highest rate of adverse events (12.4%)
(Supplementary Table S4).

Predictors of bDMARD discontinuation

In the Cox regression analysis of drug discontinuation, LOAS was not signi�cant in the PS-matched or the
covariate-adjusted results (HR = 1.229; 95% CI: 0.931–1.622 and HR = 1.184; 95% CI: 0.934–1.501,
respectively). The HR for bDMARD discontinuation was 1.291 for female sex (95% CI: 1.030–1.617),
1.381 for current smokers (95% CI: 1.122–1.700), 1.473 for HLA-B27 negativity (95% CI: 1.155–1.878),
0.719 for adalimumab (95% CI: 0.567 – 0.9110), and 0.570 for golimumab (95% CI: 0.433–0.751) [in
reference to etanercept]. (Table 5)
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Discussion
In this study, the e�cacy and retention of bDMARDs were examined in patients with LOAS for the �rst
time using a large nationwide registry. Patients with LOAS had a higher prevalence of peripheral arthritis
and were less likely to be male or HLA-B27 positive. A lesser decline in BASDAI was observed, in
comparison to a greater decline in ESR and CRP in patients with LOAS at the 1-year follow-up compared
to those with YOAS. LOAS was negatively associated with achieving ASDAS-CII, ASAS 20, and ASAS 40.
The overall drug retention rate was lower in LOAS, without any differences based on bDMARD type. There
was no association between LOAS and bDMARD discontinuation.

The use of bDMARDs in older patients with AS is usually associated with poor drug response. In one
meta-analysis, older age was negatively associated with achieving BASDAI 50 at the 12-week and 24-
week follow-up (OR = 0.91, 95% CI: 0.84–0.99 and OR = 0.98, 95% CI: 0.97–0.99, respectively) [19]. The
difference between previous studies and ours is that we demonstrated whether LOAS could impact
clinical response and bDMARD retention. Most of the baseline characteristics of LOAS in our study were
consistent with those of previous reports [6, 15]. In our study, LOAS had higher a prevalence of female
sex, peripheral arthritis, ESR, and CRP and a lower prevalence of HLA-B27 positivity compared to YOAS.
Moreover, disease-associated parameters of PGA and ASDAS-ESR/CRP were higher in LOAS.
In�ammatory back pain was not signi�cantly different between YOAS and LOAS. Several of our �ndings
were different from other reports. Skare et al. found that among those with LOAS, there was a lower
prevalence of in�ammatory low back pain and uveitis, higher prevalence of dactylitis and psoriasis, and
comparable CRP levels compared to that of patients with YOAS [6]. Karaarslan et al. showed that
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peripheral arthritis was equivalent between LOAS and YOAS [7]. Endo et al. found that LOAS was less
likely to be associated with in�ammatory back pain and more likely to be associated with dactylitis. It is
important to note that they chose the age of 57 years as the differentiating point between YOAS and
LOAS [5]. These variations may be due to inclusion criteria differences as our study only enrolled
bDMARDs users. Other factors such as ethnic background and symptom duration prior to diagnosis may
have also contributed to these differences. Our study enrolled 236 patients with LOAS, which is much
higher compared to other studies. Since LOAS has several different characteristics than YOAS, it should
be considered as a unique subgroup of patients with AS.

Therapeutic options for LOAS are based on recommendations from the management of younger patients
[11, 12, 15]. Considering the comorbidities are associated with older age, such as peptic ulcer and
cardiovascular disease, physicians are often reluctant to prescribe effective drugs such as NSAIDs and
TNF-α inhibitors to patients with LOAS. TNF-α inhibitor use in elderly patients with rheumatoid arthritis
has shown lower e�cacy and increased risk of tuberculosis reactivation, serious infections, and skin
cancer [20] Nonetheless, as far as treating AS, they have shown high e�cacy and safety according to the
ASAS/EULAR [21] Moreover, secukinumab has been emerging as a highly effective remedy in these
patients [22, 23]. Since bDMARDs have been proven e�cacious and safe [22], the demand for this
treatment has been increasing. It is important to note that there are mixed results regarding the type of
bDMARDs depending on the time of disease onset. Etanercept was found to be well-tolerated and safe in
elderly patients with AS [24, 25], whereas the same demographic were more likely to discontinue
in�iximab and develop severe pyogenic infections [26, 27].

In our study, ASDAS-CII and ASDAS-MI for overall bDMARDs were comparable between LOAS and YOAS;
however, ASAS 20 and ASAS 40 were signi�cantly more likely to be achieved in YOAS. In the subgroup
analyses according to each bDMARD, LOAS and YOAS were comparable. In the multivariate logistic
regression analysis, we demonstrated that bDMARD use in patients with LOAS patients was negatively
associated with achieving clinical response. In addition, objective parameters such as ESR and CRP were
associated with a greater decline in LOAS whereas BASDAI, a subjective patient grading score, was
associated with a lesser decline. Arends et al. reported that the predictors of achieving clinical response
to TNF-α inhibitors were increased acute-phase reactants, higher disease activity, higher functional status,
younger age, and HLA-B27 positivity [28]. Rusman et al. reported that female sex was associated with a
higher disease activity score, lower quality of life score, and lower response to TNF inhibitors [29]. Several
previous studies have found that male sex is a predictor for clinical response and drug retention [30–32]
despite having more severe disease and radiologic damage [29]. It is possible that the clinical response of
LOAS could be affected by higher prevalence of female sex or higher level of in�ammatory reactant.
Furthermore, similar to previous studies [24–26], the drug retention rate was lower in the LOAS group than
in the YOAS group. However, in the co-variate adjusted and PS-matched results of the Cox regression
analysis, LOAS was not signi�cantly associated with drug discontinuation. Although LOAS was
negatively associated with achieving clinical e�cacy at the 1-year follow- up and had a lower drug
retention rate, bDMARDs did diminish disease activity. Therefore, physicians should not hesitate in
initiating bDMARDs in LOAS. One of the main strengths of our study is that it was based on real-world
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data of patients with AS, with relatively large sample size and long follow-up period [5–7]. Moreover, non-
radiographic axSpA, which has been shown to be different from AS, was excluded [33]. The results of our
study could be speci�c and helpful for patients with LOAS considering initiating bDMARDs. In addition,
the National Health Insurance Service in Korea strictly monitors the diagnosis of AS (through the mNY
criteria [14]) and the use of bDMARDs for every rheumatic disease. The initiation, continuation, and
discontinuation of bDMARDs are carefully observed as physicians check the disease activity in the
designated cycle according to the type of bDMARD. These help in drawing accurate conclusions about
the e�cacy and drug retention rate of bDMARDs in patients with AS.

There are some limitations to this study. Firstly, data from KOBIO did not represent the entirety of patients
with AS, and only patients receiving bDMARDs were included. Therefore, there could be a difference in
baseline characteristics between this group and patients with AS not receiving bDMARDs. Secondly, the
pharmacokinetics of each bDMARD was not considered. Each drug has its own time of onset for showing
effects in the human body. Disease activity scores and treatment response could not demonstrate the
potency of each bDMARD at the �rst follow-up. Thirdly, the choice of bDMARDs was solely dependent on
each rheumatologist’s preference, without a speci�c protocol. Fourthly, there was no data on
secukinumab in LOAS, therefore, its e�cacy and retention rate could not be evaluated. Despite these
limitations, data from the KOBIO registry could re�ect the real-world and give useful evidence for starting
bDMARDs for patients with LOAS.

In conclusion, patients with LOAS had lower bDMARDs e�cacy and comparable drug retention rate
compared to those with YOAS. There were no differences in the e�cacy and drug retention rate of each
bDMARD in LOAS. These results could be helpful for patients with LOAS who require bDMARD initiation.
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Figure 1

Drug retention rates of biologic disease modifying antirheumatic drug (bDMARD). (A) Drug retention rate
of overall late onset ankylosing spondylitis (LOAS) and young onset ankylosing spondylitis (YOAS). LOAS
showed lower drug retention rate than YOAS. Drug retention rates of each bDMARDs in LOAS (B) and
YOAS (C).
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