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Introduction
Ankylosing Spondylitis (AS), a type of 
spondylarthritis, is a chronic inflammatory 
disease mainly affecting axial skeleton [1]. 
Patients with AS experience inflammatory 
back pain that can be associated with other 
musculoskeletal and non-musculoskeletal 
manifestations, which commonly include 
enthesitis, dactylitis, psoriasis, inflammatory 
bowel disease, and uveitis [2]. Patients 
with AS also have a higher prevalence and 
incidence after diagnosis of comorbidities 
such as depression, cardiovascular disease, 
and osteoporosis compared to their non-AS 
counterparts [3].

The global prevalence of AS has been estimated 
to range between 0.1% and 1.4% with 
significant regional variations. A systematic 
literature review of prevalence studies reported 
prevalence per 10,000 persons of 31.9 in 
North America, 23.8 in Europe, and 16.7 
in Asia. A study of the prevalence of AS in 
Taiwan reported 54,857 patients in December 
of 2010, representing a prevalence rate of 23.7 
per 10,000 persons [4, 5]. 

Patients with AS also experience significant 
detriments in quality of life [6]. A survey of 
265 AS patients in Taiwan reported poor or 
very poor health in 19.6% of patients, and 
a significant association between higher AS 
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Objective: To evaluate the real-world treatment patterns and costs of patients initiating their first 
biologic therapy for the treatment of ankylosing spondylitis (AS) in Taiwan. 

Methods: Taiwan’s National Health Insurance claims data between 1/1/2014 and 12/31/2017 was used 
to identify and follow patients with AS initiating their first biologic therapy in 2015. Patients >= 18 years 
of age, with AS (ICD-9-CM: 720.0), a claim for a biologic therapy in 2015, continuous enrollment for 
at least one year following index, and no claims for biologics in the previous year were indexed into 
the study. A matched cohort of non-biologic patients with AS receiving anti-inflammatory drugs was 
derived. Patients were followed from their index date (first biologic claim) through the end of the study 
period, death, or they were lost to follow-up. 

Results: There were 430 as patients included in the biologic-initiators cohort (adalimumab = 191; 
etanercept = 122; golimumab = 177, etc.). Pre-Index utilization rates were significantly higher for 
biologic-initiators compared to the matched cohort for corticosteroids, opioids, and csDMARDs (all 
p<0.0001). Utilization rates of NSAIDs and csDMARDs were lower for biologic initiators and higher for the 
matched cohort during the follow-up period compared to the pre-index period. Mean total healthcare 
costs were higher and average non-medication costs were lower for biologic-initiators compared to the 
matched cohort during the two years post-index. 

Conclusions: Patients initiating their first biologic therapy for AS had high rates of as-related medication 
utilization during the pre-index period followed by a decrease in utilization rates after biologic initiation.
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disease activity and poorer physical function, emotional 
well-being, and social participation [7]. A real-world 
study in the United States reported that AS significantly 
impacted their lifestyle with 59.5% of patients reporting 
at least some level of impact on career choice and 77.7% 
reported on impact on the amount of time they were 
able to work, and 69.7% reporting it impacted time 
with friends and family [8].

Patients with AS have higher healthcare costs and 
resource utilization compared to their non-AS 
counterparts [9, 10]. A claims database analysis in the 
United States reported AS patients had ten times higher 
all-cause median total healthcare costs compared to a 
matched cohort of non-AS patients [9]. Indirect costs 
are a significant portion of the economic burden of AS 
[6, 11, 12]. A literature review of the economic burden 
of AS in Europe reported indirect costs were 53.4% to 
62% of total costs [13]. A systematic literature review 
and meta-analysis estimated an annual indirect cost 
per patient of $6,455 (range: $661 - $45,954) [14]. In 
China, AS was estimated to cause a 17% decrease in 
productivity [12].

As there is currently no cure available for AS, the goals of 
treatment are generally to alleviate symptoms, improve 
functioning, maintain the ability to work, decrease 
disease complications, and forestall skeletal damage as 
much as possible [15]. The 2019 American College of 
Rheumatology (ACR) guidelines recommend physical 
therapy and Nonsteroidal Anti-Inflammatory Drugs 
(NSAIDs) as first-line therapy in patients with active 
AS [15]. The European League Against Rheumatism 
(EULAR) and ACR guidelines both agree that the 
initiation of a biologic in the second-line is recommended 
for patients remaining uncontrolled despite the use of 
non-pharmacological management and NSAIDs [15, 
16]. Within patients initiating a biologic, a tumour 
necrosis factor inhibitor (TNFi) is recommended as 
the first biologic, patients remaining uncontrolled with 
initial TNFi therapy may then move to a non-TNFi 
biologic such as tofacitinib, secukinumab, or ixekizumab 
[15, 16].

Currently approved biologics for AS by The Taiwan Food 
and Drug Administration (TFDA) include adalimumab, 
certolizumab pegol, etanercept, golimumab, 
infliximab, secukinumab, and ixekizumab. The Taiwan 
Rheumatology Association (TRA) has a similar 
recommendation to ACR and EULAR as biologics 
should be considered in patients failing conventional 
therapies including NSAIDs and conventional synthetic 
disease-modifying antirheumatic drugs (csDMARDs) 

[17]. However, recommended first-line biologics are not 
limited to TNFis as is the case for ACR and EULAR. The 
TRA notes that biologics with alternative mechanisms 
of action (MOAs) such as secukinumab, an IL-17 
inhibitor, in patients with a concern for tuberculosis or a 
hepatitis B reactivation with TNFis [17].

The objective of this study was to conduct an analysis of 
Taiwan’s National Health Insurance Research Database 
(NHIRD) to understand the differences in patient 
profile, treatment patterns, and cost of ankylosing 
spondylitis patients initiating biologic therapy compared 
to patients receiving NSAIDs in Taiwan.

Methods

Data source

This study utilized Taiwan’s National Health Insurance 
Research Database (NHIRD), a population-based claims 
database covering 99.9% of Taiwan’s 23 million residents 
[18]. The NHIRD contains longitudinal patient records 
tied to claims for reimbursement beginning in 2000. The 
latest year of data is released with a lag of two years, at 
the time of this analysis the latest data available was for 
2017. This analysis utilized a subset of the full database 
including all patients in Taiwan with AS. 

The NHIRD includes health insurance claims for 
all services and materials that are reimbursed. Basic 
demographic information such as age, gender, date 
of enrollment or withdrawal, income, and level of 
urbanization were available. Each of the claims in the 
dataset is accompanied by an ICD-9 (through 2015) or 
ICD-10 (2016 – present) diagnostic code, the amount 
(NT$) reimbursed, and the date of the inpatient visit, 
outpatient visit, or hospital admission/discharge. 
Pharmacy orders were also tracked and included the drug 
name, strength, dose, quantity, and date of dispensing.

Study design

The primary objective of this study was to evaluate the 
treatment patterns and cost of AS patients initiating their 
first biologic (biologic initiators) and compare with non-
biologic AS patients matched to the biologic initiators. 
To accomplish this, a longitudinal retrospective study 
with propensity score matching was conducted. 

The study period ran from January 1, 2014, through 
December 31, 2017. A one-year index period from 
January 1, 2015, through December 31, 2015, was 
used to identify the cohorts included in the analysis 
(Figure 1). Patients in the biologic-initiators cohort 
were indexed into the study upon their first claim for 
a biologic during the index period. The index dates for 
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patients in the matched cohort were the same as the 
patient they were matched with. The one-year pre-index 
period immediately prior to index date was used to 
evaluate inclusion/exclusion criteria and collect baseline 
characteristics. Patients were followed for a minimum of 
one year and up to a maximum of three years from index 
date through the end of the study period (December 31, 
2017). 

Population

There were two patient cohorts identified during the 
index period of the study: 1) AS patients initiating their 
first biologic (Biologic Initiators), and 2) a matched 
cohort of AS patients receiving NSAID therapy and 
no biologics during the study period matched to the 
biologic initiator cohort.

Biologic Initiators

Patients were indexed into the Biologic Initiators cohort 
on the day of their first biologic claim if the following 
conditions were met:

• (> & <) 2 primary or secondary healthcare claims 
for ankylosing spondylitis (ICD-9: 720.0 or ICD-
10: M45, M46.8, M46.9) in any setting, with the 
second claim coming within 90 days of the first 
claim during the index period

• (> & <) 1 claim for adalimumab (ATC=L04AB04), 
etanercept (ATC=L04AB01), or golimumab 
(ATC=L04AB06) during the index period

• No claim(s) for adalimumab (ATC=L04AB04), 
etanercept (ATC=L04AB01), or golimumab 
(ATC=L04AB06) during the one-year pre-index 
period

• (> & <) 18 years of age at index

• Continuous enrollment for one year of follow-up 
after index

Biologics reimbursed for ankylosing spondylitis in 
Taiwan during the index period (2015) included 
adalimumab, etanercept, and golimumab. Infliximab, 
secukinumab, and certolizumab were reimbursed during 

the follow-up period and were included in the analysis 
for evaluation of second-line biologics. 

Matched cohort

The matched cohort was developed using a cohort of 
patients meeting the following criteria:

•	 ≥	 2 primary or secondary healthcare claims for 
ankylosing spondylitis (ICD-9: 720.0 or ICD-
10: M45, M46.8, M46.9) in any setting, with the 
second claim coming within 90 days of the first 
claim during the index period

•	 ≥	1 claim for an NSAID (See Supplementary Table 
1)

• No claim(s) for a biologic during the study period 
(January 1, 2014, and December 31, 2017)

•	 ≥	18 years of age at index

• Continuous enrollment for one year of follow-up 
after index

Patients were matched using propensity scores generated 
by logistic regression modeling. The covariates included 
age, gender, and Charlson Comorbidity Index (CCI) 
scores. A greedy algorithm was used to match the cases 
to controls with no reconsideration for matching after a 
match is made. Cases were first matched to controls on 
eight digits of the propensity score. For cases without a 
match seven digits were used and so on until the lowest 
digit (one) of the propensity score was used. 

As CCI was calculated at index and patients in the 
matched cohort assumed the same index date (date 
of first biologic claim for biologic-initiators) as the 
biologic-initiator they were indexed to, matching was 
conducted in two steps. First, patients were matched 
1:16 (1 biologic-initiator to 16 controls). The CCI was 
then calculated for the matched patients using the index 
date of the biologic initiator they were matched to. 
Lastly, patients were matched 1:4 (1 biologic-initiator 
to 4 controls) based on CCI. In the event 1:4 matching 
cannot be accomplished after the initial 1:16 matching 
the highest number of possible controls will be used. 

Figure 1. Study timeline.
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Measurement

Demographics including age, gender, and level of 
urbanization were included. Comorbidities measured 
in the analysis included those in the CCI [19]. 
Comorbidities included in a previously published 
database analysis for AS [3], and comorbidities of interest 
according to expert opinion in Taiwan. Diagnostic codes 
used to identify each of the included comorbidities can 
be found in Supplementary Table 2.

Medication classes measured included corticosteroids, 
muscle relaxants, opioids, NSAIDs, antidepressants, 
csDMARDs, topical analgesics, and sleeping aids. 
The medications examined within each class and the 
associated ATC codes can be found in Supplementary 
Table 1.

Biologic selection at index was measured for the Biologic 
Initiators cohort. During the index period adalimumab, 
golimumab, and etanercept were the only biologics 
approved and reimbursed in Taiwan for AS. However, 
infliximab, secukinumab, and certolizumab all received 
reimbursement during the follow-up period and were 
included in the analysis of switching patterns. 

Healthcare costs included all medical costs reimbursed 
by the National Health Insurance Administration. Costs 
were categorized as medication and non-medication (all 
other healthcare costs), and further broken down into 
outpatient, inpatient, and emergency department (ED) 
costs.

Statistical analysis

Baseline demographics and clinical characteristics were 
calculated for both cohorts of all patients at index. 
Clinical characteristics including comorbidities were 
measured over the one-year pre-index period. Patients 
were classified as having a comorbidity if they had ≥ 1 
in patient or ≥ 3 ambulatory claim(s) associated with 
a diagnostic code for the comorbidity during the pre-
index period. ANOVA and Chi-square tests were used 
to test for significance in the prevalence of comorbidities 
between the Biologic Initiators and Matched cohorts. 

Treatment utilization of AS-related medications was 
measured during the pre- and post-index periods for 
both the Biologic Initiators and Matched Cohorts. 
Patients with one or more claims during the measured 
time period were classified as having received the 
medication. The Chi-square test was used to test for 
statistical significance in the utilization of the included 
medications between the Biologic Initiators and 
Matched Cohorts in the pre- and post-index period. The 
relative change in utilization for each cohort between 

the pre- and post-index periods was also calculated.

In the biologic analysis, a descriptive analysis of switching 
patterns was performed. Patients were classified as 
switching to a second-line biologic if they had a claim 
for a biologic other than their index biologic during the 
follow-up period.

Healthcare costs were measured for the Biologic 
Initiators and Matched Cohorts for years one and two 
of follow-up, and a descriptive analysis was performed. 
Only patients with at least two years of continuous 
enrollment were included in the year two analysis. All-
cause costs were measured and segmented by category 
(inpatient, outpatient, and emergency department) and 
type (medication and non-medication).

Results

Patient characteristics

A total of 33,276 patients had an AS diagnosis in 
2015. Of these patients 2,779 (8.4%) had a claim for 
an included biologic and 430 (15.5%) of these patients 
were initiating their first biologic for AS. Biologics at 
initiation included adalimumab (n=191; 44.4%), 
etanercept (n=122; 28.4%), and golimumab (n=117; 
27.2%). A matched cohort of 1,678 patients was derived 
from a cohort of AS patients with a claim for an NSAID 
in 2015, and no claims for a biologic between 2014 and 
2017 (Figure 2).

Patients demographics and clinical characteristics 
for the biologic initiators and the matched cohort at 
index are shown in Table 1. The two cohorts were well 
balanced with no significant differences between age, 
gender, and CCI. There were statistically significant 
differences in the prevalence of spondyloarthritis clinical 
manifestations including inflammatory bowel disease 
(IBD) (p<0.0001), uveitis (p<0.0001), and psoriasis 
(p<0.0001) as well as comorbidities including coronary 
artery disease (p=0.0193), hypertension (p<0.0001), 
peripheral vascular disease (p=0.0208), asthma 
(p=0.0209), and rheumatoid arthritis (p<0.0001) 
(Table 1). 

Treatment utilization

During the pre-index period biologic initiators had 
significantly higher utilization rates of corticosteroids 
(58.8% vs. 37.2%; p<0.0001), opioids (58.6% vs. 
37.2%; p<0.0001), and csDMARDs (85.8% vs. 42.8%; 
p<0.0001) compared to the matched cohort (Figure 
3). Biologic initiators also had non-significantly higher 
absolute utilization rates compared to the matched 
cohort for all medication classes including NSAIDs 
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(92.3% vs. 87.1%), topical analgesics (19.1% vs. 
18.3%), muscle relaxants (52.1% vs. 49.8%), and 
pregabalin (1.2% vs. 1.0%). 

Relative reductions in medication usage between the 
pre- and post-index periods was generally higher for 
the biologic-initiators cohort than the matched cohort. 
The only increase in medication utilization for biologic-

initiators was for sleep aids (+5.9%), compared to the 
matched cohort, which saw relative rates of utilization 
increase in NSAIDs (+2.2%), csDMARDs (+9.1%), 
sleep aids (+7.6%), and pregabalin (+70.0%). Relative 
reductions in medication utilization for biologic-
initiators were found in muscle relaxants (-34.0%), 
opioids (-30.9%), corticosteroids (-30.8%), anxiolytics 

Table 1.  Baseline patient demographics and clinical characteristics.

CHARACTERISTICS
BIOLOGIC INITIATORS MATCHED COHORT1

P-VALUE(n=430) (n=1,678)
N % N %

Age         0.6861
  Mean (SD) 41.9 14.1 41.6 13.9  
  Median (IQR) 41 29.8-53.7 41.5 30.3-53.3  
    18.0 - 20.5 21 4.9 84 5 0.9938
    20.6 - 24.5 26 6 104 6.2  
    24.6 - 30.5 63 14.7 252 15  
    30.6 - 41.5 111 25.8 432 25.7  
    41.6 - 53.5 100 23.3 395 23.5  
    53.6 - 61.5 64 14.9 253 15.1  
    61.6 - 64.5 23 5.3 89 5.3  
    64.6 - 71.5 19 4.4 64 3.8  
    >71.6 3 0.7 5 0.3  
Gender, Male 310 72.1 1216 72.5 0.8769
CCI (mean, SD) 0.8 1.3 0.7 1.1 0.2706
Cardiovascular 108 25.1 278 16.6 <0.0001
  Angina 10 2.3 25 1.5 0.2263
  Atherosclerosis 14 3.3 35 2.1 0.1508
  Cerebrovascular disease/Stroke 7 1.6 48 2.9 0.1525
  Coronary Artery Disease 21 4.9 45 2.7 0.0193
  Hypertension 97 22.6 242 14.4 <0.0001
  Myocardial Infarction 3 0.7 4 0.2 0.1546
  Peripheral Vascular Disease (PVD) 6 1.4 7 0.4 0.0208
  Venous Thromboembolism (VTE) 3 0.7 4 0.2 0.1546
GI Disorder 97 22.6 313 18.7 0.068
  Inflammatory Bowel Disease (IBD) 10 2.3 7 0.4 <0.0001
  Peptic Ulcer Disease 94 21.9 310 18.5 0.1115
Malignancies 7 1.6 32 1.9 0.7016
Metabolic Syndrome 73 17 244 14.5 0.2074
  Diabetes 33 7.7 142 8.5 0.5972
  Dyslipidemia 52 12.1 191 11.4 0.6807
Neurologic / Psychologic Conditions 2 0.5 1 0.1 0.1077
  Multiple Sclerosis 0 0 0 0 -----
  Parkinson Disease 2 0.5 1 0.1 0.1077
Respiratory Diseases 11 2.6 81 4.8 0.0399
  Asthma 8 1.9 71 4.2 0.0209
  Sleep Apnea 3 0.7 12 0.7 0.9693
Other Diseases          
  Rheumatoid Arthritis 45 10.5 88 5.2 <0.0001
  Osteoporosis 13 3 27 1.6 0.0552
  Uveitis 59 13.7 69 4.1 < 0.0001
  Psoriasis 30 7 12 0.7 <0.0001
Notes: CCI = Charlson Comorbidity Index 
1Patients were matched on age, gender, and CCI score
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(-28.1%), pregabalin (-25.0%), topical analgesics 
(-24.6%), NSAIDs (-22.9%), csDMARDs (-9.2%), and 
antidepressants (-9.5%).

Biologic Switching

The median follow-up time of the biologic initiators 
was 29.9 months. The median length of follow-up did 

not significantly vary between first-line biologics with 
29.8 months for adalimumab and etanercept, and 30.1 
months for golimumab. Over the follow-up period, 
there were 40 (9.3%) patients switching to a second-
line biologic. Switching patterns between biologics are 
described in the Sankey diagram (Figure 4). Patients 
initiating adalimumab were most likely to switch 

Figure 2. Patient selection.

Figure 3. Medication utilization and relative change in the pre- and post-biologic initiation periods.
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(12.0%; 23/191), followed by etanercept (7.4%; 9/122), 
and golimumab (6.8%; 8/117) during the follow-up 
period. The most utilized second-line therapy after 
switching was golimumab (57.5%; 23/40), followed by 
adalimumab (25.0%; 10/40), and etanercept (17.5%; 
7/40).

Cost

Average mean total healthcare costs were higher for 
the biologic-initiators cohort (NT$579,444 and 
NT$571,244) compared to the matched cohort 
(NT$75,327 and NT$71,619) in both the first and 
second years of follow-up (Table 2). The incremental cost 
between the cohorts was driven by additional drug costs 
for the biologic-initiators cohort. Average mean non-
medication costs were lower for the biologic-initiators 
cohort in both years of follow-up. Non-drug costs 
decreased by 15.2% (NT$8,179), from NT$53,885 to 
NT$45,707 in the second year of follow-up compared 
to a 4.3% (NT$2,446) decrease from NT$56,893 to 
NT$54.447 for the matched cohort.

Discussion
We evaluated the treatment patterns and costs of AS 
patients in Taiwan initiating their first biologic and 
a matched cohort of AS patients receiving NSAIDs 
without a biologic for a minimum of one year. There 
were significantly higher rates of IBD (p<0.0001), uveitis 
(p<0.0001), and psoriasis (p<0.0001) in the cohort of 
patients initiating their first biologic compared to the 
matched cohort, which reflect the heterogeneity of axial 
spondyloarthritis conditions. Baseline utilization rates 

for corticosteroids, opioids, NSAIDs, muscle relaxants, 
and csDMARDs were all numerically higher for 
biologic-initiators than the matched cohort during the 
pre-index period. The heightened presence of baseline 
axial spondyloarthritis burden and pre-index medication 
utilization may have been contributing factors to the 
selection of a biologic for AS treatment. 

This study showed a higher rate of rheumatoid arthritis 
diagnosis (10.5%) within the cohort of AS patients 
initiating their first biologic compared to the matched 
cohort (5.2%). The high rate of rheumatoid arthritis 
with AS patients observed in our study is consistent with 
other published analyses of claims-based datasets in the 
Asia-Pacific region including another study in Taiwan 
(4.98% among all AS patients) and Japan (53.9% 
among biologic DMARD patients) [19, 20]. However, 
the coexistence of rheumatoid arthritis and AS in clinical 
practice is a relatively rare occurrence [21]. Rationales 
for the high RA prevalence rates in these claims analyses 
may include the use of rheumatoid arthritis diagnostic 
codes during the diagnostic process of AS or the presence 
of peripheral arthritis that is being misclassified. 

An analysis of the hospital-based Medical Data Vision 
database in Japan also reported medication utilization 
during a 12-month follow-up period for AS biologic-
initiators [22]. Utilization rates during the 12-month 
follow-up period for the biologic-initiators of the 
measured classes of medication higher for opioids 
(40.5% vs. 5.2%) and csDMARDs (77.9% vs. 66.1%) 
but lower for antidepressants (6.7% vs. 11.3%), 
anxiolytics (25.6% vs. 30.4%), and corticosteroids 

Figure 4. Sankey diagram of treatment selection at index and switching patterns over follow-up of biologic-initiators (n=430).

Research Article Li KJ, et al.
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(40.7% vs. 52.2%) in our study compared to the recent 
study in Japan [21]. However, it should be noted that 
the study in Japan utilized a hospital-based database and 
may not be representative of the general AS population, 
which is observed in our analysis.

Of the patients initiating their first biologic for AS, 
9.3% (n=40) switched to another TNFi during the 
follow-up period (median of 29.9 months) in this study. 
This rate of switching is consistent with other real-
world studies evaluating treatment patterns of first-time 
biologic initiators in AS [23, 24]. A study by Lindstrom 
et al. of 2,590 AS patients starting their first TNFi in 
Sweden between 2006 – 2015 reported 13% of patients 
were on their second TNFi at the end of their first year 
on therapy [25]. Palmer et al. reported 8.9% of TNFi 
initiators switched to another biologic within a 3-year 
follow-up period [26]. A claims-based analysis in the 
United States reported a slightly higher percentage 
(26.1%) of switching for first-time TNFi users for AS 
to a second TNFi during the two-year follow-up period 
[27]. 

Patients receiving biologic therapy in this study had 
higher average total costs compared to the matched 
cohort of non-biologic patients. However, non-
medication costs were similar between the two cohorts 
with average costs of NT$53,885 and NT$56,893 in the 
biologic and matched non-biologic cohorts, respectively. 
Furthermore, non-medication costs were reduced by 
15.2% (NT$8,179) in the biologic cohort compared to 
4.3% (NT$2,446) in the matched non-biologic cohort 
when comparing year one and year two of the follow-
up period. The reduction in non-medication costs could 
be attributed to the effectiveness of biologics [28]. 
Comparison of costs across studies in different settings 
is difficult due to different health systems and pricing. 
However, most economic analyses of AS patients 
receiving biologics have reported that biologics are a 
high percentage of total healthcare costs [29]. 

The results of this study can be considered by decision-
makers and stakeholders in Taiwan to understand the 
treatment patterns, cost, and unmet needs associated with 
TNFi biologics in Taiwan. Compared to the matched 
cohort, patients initiating a biologic experienced a 
greater decline in medication (corticosteroid, opioid, 
NSAID, antidepressant, anxiolytic, csDMARD, topical 
analgesic, muscle relaxants, and pregabalin) utilization 
after index, and a greater reduction in non-medication 
costs between year one and two of follow-up. These 
changes show the value of biologic therapy in lowering 
the medication utilization and non-medication cost 

burden. However, 9% of patients initiating their first 
biologic had to switch to another biologic during the 
follow-up period. Furthermore, during the time of 
this study patients were limited in their selection of 
biologics during the index date to only TNFis, and the 
only alternative-MOA biologic, secukinumab, only 
became available towards the tail-end of the follow-up 
period. As the TRA notes in their recommendations if 
there is intolerance and/or toxicity to the initial TNFi 
it is recommended for patients to try an alternative 
MOA [24]. As there was no alternative MOA available 
for the majority of this study’s timeline there may have 
been an even higher percentage of patients that would 
have benefited from switching to an alternative MOA. 
This suggests an unmet need for biologics with new 
mechanisms of action and/or better optimization of the 
first choice of biologic [24].

This study has several limitations. This was a non-
randomized retrospective analysis that relied on 
propensity score matching of the limited clinical 
information available in the claims database and was 
subject to the potential of unmeasured confounding. 
The propensity score matching included age, gender, 
and CCI, but did not include the musculoskeletal and 
non-musculoskeletal manifestations and comorbidities 
included in this analysis, which could have accounted 
for differences between the cohorts. AS-related 
comorbidities were not controlled for to allow for 
differences in disease severity between the two cohorts. 
As it is a claims-based database analysis only limited 
clinical information such as diagnostic codes are 
available, clinical information that could have been used 
to evaluate the effectiveness of biologic and non-biologic 
treatment was not included. Thus, no inference as to 
the reason for treatment switching, discontinuation, 
or augmentation can be made. The database also only 
contains data for direct healthcare costs (reimbursed 
materials and services) and does not include indirect costs 
such as those related to absenteeism and presenteeism, 
which are important factors for consideration in 
ankylosing spondylitis. Second, ankylosing spondylitis 
is often subject to misdiagnosis and without clinical 
information validation of the ICD-code algorithm used 
to identify AS in this analysis cannot be trusted as fully 
accurate [28]. Lastly, the current treatment paradigm 
for biologic therapy of AS patients in Taiwan is likely 
different than in 2015 due to the reimbursement of new 
biologics with different mechanisms of action [29, 30]. 

Conclusions
Patients initiating their first biologic therapy experienced 
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large declines in the utilization of other AS-related 
medications and non-medication costs during their 
first year of therapy compared to a matched cohort of 
AS patients receiving NSAID therapy without biologic 
use. The rate of switching to a second-line biologic 
may suggest the need for additional biologic options 
at initiation and improvements in initial treatment 
selection.
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