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INTRODUCTION

Ankylosing spondylitis (AS) is a chronic inflammatory 
disease that primarily affects the sacroiliac joints and 
spine. Tumor necrosis factor α (TNF-α) is important cy-
tokine in the disease process of AS as previous studies 
found abundant levels of TNF-α in the sacroiliac joint 
of AS patients [1,2]. TNF-α inhibitors (TNFi), infliximab, 
etanercept, and adalimumab, have proved to be effective 
treatment options for patients with active AS [3-5]. Ac-

cording to the meta-analysis, etanercept, adalimumab, 
and infliximab showed similar effects on reducing signs 
and symptoms of AS [6]. However, these TNFi have dif-
ferent structure, mechanism of action, mode of admin-
istration, and half-life in the body. Patients who failed 
one drug may benefit from another TNFi. 

Drug survival for spondyloarthritis is longer than that 
for rheumatoid arthritis (RA) [7]. Although TNFi is effec-
tive in the treatment of AS, some AS patients cannot con-
tinue TNFi for several reasons. They may not respond 
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Background/Aims: To evaluate drug survival of the tumor necrosis factor α in-
hibitors (TNFi) and risk factors for the drug discontinuation in patients with an-
kylosing spondylitis (AS).
Methods: We retrospectively evaluated 487 AS patients at a single tertiary hospi-
tal. Among the TNFi users, drug survival and risk factors of TNFi discontinua-
tion were investigated. 
Results: Among 487 patients, 128 AS patients were treated with at least one TNFi. 
Patients who were treated with TNFi were younger at disease onset, had more pe-
ripheral manifestations, and had higher level of acute phase reactants and body 
mass index than those of TNFi non-users at baseline. Of 128 patients, 28 patients 
(21.9%) discontinued first TNFi therapy during the follow-up period of 65.1 ± 27.9 
months. In the multivariable analysis, female (hazard ratio [HR], 6.08; 95% confi-
dence interval [CI], 2.27 to 16.27; p = 0.003), hip involvement (HR, 2.52; 95% CI, 1.08 
to 5.87; p = 0.033) and a high C-reactive protein (CRP; HR, 1.10; 95% CI, 1.00 to 1.21; 
p = 0.044) were risk factors for drug discontinuation. Etanercept showed better 
survival rate than infliximab. The main reason for discontinuation of TNFi was 
inefficacy.
Conclusions: TNFi discontinuation rate of Korean patients with AS seems to be 
similar to those with the European patients. Female sex, hip involvement, CRP, 
and the type of TNFi were associated with TNFi discontinuation. 
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properly to the TNFi and others experience side effects 
related to the drugs. Several biologic agents other than 
TNFi are also available for patients with RA, while TNFi 
is the only biologic agent used in Korea for patients with 
AS currently. Studies about factors for drug survival for 
patients with AS have not sufficient as compared with 
RA patients and only a few studies are available for the 
Asian population. We wished to investigate the use of 
TNFi for AS patients under real-world circumstances. 
The aims of this study were to evaluate drug survival of 
the TNFi in AS patients and determine the risk factors 
for discontinuation of TNFi in patients with AS.

METHODS

Study population and parameters collected
The subjects were selected in a consecutive manner 
from a pool of patients visiting the rheumatology outpa-
tient clinic of Samsung Medical Center in Seoul, South 
Korea between January 2001 and January 2011. We se-
lected patients who were diagnosed with AS by a rheu-
matologist and fulfilled the modified New York criteria 
[8]. One patient who used golimumab as a first TNFi was 
excluded due to representing a small number. The ap-
proval of golimumab for the treatment of AS was much 
later than that of the other TNFi in Korea. In addition, 
patients whose follow-up duration of TNFi, namely the 
time from the initiation of first TNFi to the last visit to 
the outpatient clinic, was less than 24 months were ex-
cluded from the study. In this study population, TNFi 
were prescribed from September 2005 to July 2013. A 
total of 487 patients were included and their medi-
cal records were reviewed retrospectively. The clinical 
characteristics at baseline were collected, including C-
reactive protein (CRP), erythrocyte sedimentation ratio 
(ESR), HLA (human leukocyte antigen)-B27 positivity, 
body mass index (BMI), smoking status, and X-rays of 
the spine and pelvis. Peripheral arthritis included the 
knee, ankle, foot, elbow, wrist, and hand joints. Hip in-
volvement was defined according to the clinical opinion 
of the rheumatologist, such as pain and limited range of 
motion and radiographic evidence of hip arthritis, de-
fined by at least the score of 1 in the Bath Ankylosing 
Spondylitis Radiology Hip Index (BASRI-h) scoring sys-
tem [9]. Disease duration was defined as the time from 

the symptom onset to the first visit to the outpatient 
clinic. Two trained rheumatologists (H.J. and I.Y.K.) as-
sessed the radiographs at baseline. The sacroiliitis grade 
was defined as the sum of each side of the sacroiliitis 
grade according to the modified New York criteria [8]. 
The presence of new syndesmophytes was also assessed. 
The intra-class correlation coefficient of the status score 
for two readers was 0.87 (95% confidence interval [CI], 
0.65 to 0.95). 

Biologics and outcome
Three TNFi were used for the treatment of AS: etaner-
cept, adalimumab, and infliximab. Biologics were ad-
ministered according to the standard protocol recom-
mended by the manufacturer. At the time of initiation of 
the TNFi, all patients had Bath Ankylosing Spondylitis 
Disease Activity Index (BASDAI) greater than four, this 
was in spite of prior treatment with at least two different 
nonsteroidal anti-inflammatory drugs or sulfasalazine 
for more than 3 months according to the standard of 
Korean Health Insurance Review and Assessment Ser-
vice. The primary outcome was discontinuation of the 
first TNFi therapy due to any cause except for remis-
sion. Remission was defined according to the treating 
rheumatologist`s assessment of disease activity rather 
than been strictly defined; for example, by Ankylosing 
Spondylitis Disease Activity Score (ASDAS). Secondary 
outcome was to assess the predictors of discontinuation 
and drug survival. Drug survival was calculated as the 
number of months between the dates of the first start 
and last day of the drug prescription. Reason for discon-
tinuation of TNFi was also assessed. Insufficient efficacy 
was characterized as primary (never achieved meaning-
ful response) and secondary failure (achieved meaning-
ful response, then lost response during therapy). 

This study was approved through the Institutional Re-
view Board of the Samsung Medical Center.

Statistical analysis
Descriptive statistics were used to identify the character-
istics of the study population. Categorical variables were 
compared between groups using the chi-square test or 
Fisher exact test. For continuous variables, the data are 
presented as the mean ± SD, and variables were com-
pared using t test or one way analysis of variance analy-
sis. Univariate and multivariate Cox regression analysis 
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with hazard ratios (HRs) were used for the identification 
of factors associated with drug discontinuation of the 
first TNFi. The variables associated with p value out-
comes ≤ 0.20 were included in the multivariate anal-
ysis. Kaplan-Meier analysis was used to visualize drug 
specific survival and log-rank test was used to compare 
the distributions. Adjusted and unadjusted HRs were 
estimated for infliximab verses etanercept, adalimumab 
versus etanercept, and infliximab versus adalimumab. p 
values were corrected by Scheffe’s method due to multi-
ple testing. All analyses were performed using SPSS ver-
sion 19.0 (IBM Co., Armonk, NY, USA) and SAS version 
9.4 (SAS Institute Inc., Cary, NC, USA). Statistical signifi-
cance was assigned when p values were < 0.05.

RESULTS

Characteristics of TNFi user compared with TNFi 
non-user
Of the 487 patients with AS, 128 patients were started on 

a TNFi during the follow-up period. Mean follow-up 
duration of 487 patients was 72.6 ± 52.5 months. The 
baseline clinical characteristics of the patients with AS 
according to the TNFi use are presented in Table 1. Pa-
tients who started on TNFi during the follow-up period 
were younger at the disease onset, had more peripheral 
manifestations, and showed higher level of acute phase 
reactants than TNFi non-users at baseline. Interestingly, 
TNFi users had a higher BMI and prevalence of dyslip-
idemia than patients who were TNFi non-users.

Treatment course and characteristics for the TNFi 
user
Among the 128 study patients, 57 patients (44.5%) started 
on etanercept, 56 (43.8%) on adalimumab with 15 (11.7%) 
on infliximab as a first-choice treatment. Mean fol-
low-up duration, from the time of TNFi therapy start to 
the last visit of outpatient clinic, was 65.1 ± 27.9 months. 
Of the 128 patients treated with their first TNFi, 25 of 
them (19.5%) switched to a second TNFi after discon-
tinuing the first TNFi and 98 patients (76.6%) remained 

Table 1. Clinical characteristics of ankylosing spondylitis patients between TNFi user and non-user at baseline

Characteristic TNFi non-user (n = 359) TNFi user (n = 128) p value
Age at disease onset, yr 26.4 ± 8.9 24.4 ± 9.9 0.032
Female sex 64 (17.8) 16 (12.5) 0.163
Disease duration, mon 75.5 ± 85.3 72.8 ± 81.1 0.756
Peripheral arthritis 73 (20.3) 48 (37.5) < 0.001
Hip arthritis 31 (8.6) 28 (21.9) < 0.001
Enthesitis 27 (7.5) 22 (17.2) 0.002
Uveitis ever 73 (20.3) 28 (21.9) 0.712
Syndesmophytes 90 (25.1) 33 (25.8) 0.886
Sacroiliitis gradea 4.8 ± 1.6 4.9 ± 1.7 0.496
ESR at baseline, mm/hr 33.0 ± 25.0 51.9 ± 33.6 < 0.001
CRP at baseline, mg/dL 1.71 ± 2.4 2.9 ± 3.2 < 0.001
HLA-B27 positive (n = 365) 248/268 (92.5) 89/97 (91.8) 0.803
BMI, kg/m2 23.9 ± 3.3 24.8 ± 3.8 0.012
Hypertension 44 (12.3) 21 (16.4) 0.236
Diabetes 12 (3.3) 7 (5.5) 0.286
Dyslipidemia 27 (7.5) 20 (15.6) 0.008
Ischemic heart disease 1 (0.3) 2 (1.6) 0.170
Current smoker 32 (8.9) 17 (13.3) 0.172

Values are presented as mean ± SD or number (%).
TNFi, tumor necrosis factor α inhibitor; ESR, erythrocyte sediment rate; CRP, C-reactive protein; HLA, human leukocyte an-
tigen; BMI, body mass index.
aThe sacroiliitis grade refers to the sum of each side of the sacroiliitis grade according to the modified New York criteria.
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on their first TNFi during the follow-up period. For 
five patients (3.9%), they stopped the first TNFi without 
starting on a second TNFi. Of these five patients, two 
patients discontinued due to remission. For the three 
patients, they discontinued the drug due to insufficient 
efficacy or side effect and these three patients did not 
want to use a second TNFi. Therefore, a total of 28 pa-
tients (21.9%) were classified as discontinuation of the 
first TNFi therapy and the remaining 100 patients were 
classified as continuation. Clinical characteristics of 
the patients at the time of initiation of first TNFi are 
presented in Table 2. Patients who started etanercept 

as a first TNFi had lower BASDAI and were prescribed 
methotrexate more frequently at the time of the initia-
tion of TNFi. Other clinical characteristics were not dif-
ferent between groups. 

Predictors of discontinuation
The mean drug survival of first TNFi was 55.1 ± 33.3 
months. Clinical characteristics between patients with 
continuation and discontinuation of the first TNFi are 
presented in Table 3. Female sex, presence of hip arthri-
tis, high CRP, and type of TNFi were significantly differ-
ent between two groups. In the multivariable analysis, 

Table 2. Patient characteristics at the time of initiation of first TNFi in patients with ankylosing spondylitis

Characteristic Etanercept (n = 57) Adalimumab (n = 56) Infliximab (n = 15) p value

Age at disease onset, yr 26.0 ± 11.6 23.5 ± 8.5 21.8 ± 6.7 0.239

Female sex 10 (17.5) 4 (7.1) 2 (13.3) 0.263

Disease duration, mon 71.6 ± 87.4 77.1 ± 79.8 61.5 ± 61.8 0.796

Peripheral arthritis, except hip 23 (40.4) 20 (35.7) 5 (33.3) 0.841

Hip arthritis 11 (19.3) 12 (21.4) 5 (33.3) 0.447

Enthesitis 9 (15.8) 9 (16.1) 4 (26.7) 0.542

Uveitis ever 10 (17.5) 14 (25.0) 4 (26.7) 0.543

Inflammatory bowel disease 0 2 (3.6) 1 (6.7) 0.104

Syndesmophytes 17 (29.8) 15 (26.8) 1 (6.7) 0.199

Sacroiliitis gradea 5.1 ± 1.8 5.0 ± 1.7 4.3 ± 1.1 0.298

ESR at TNFi start, mm/hr 34.3 ± 12.8 33.0 ± 10.2 28.5 ± 10.2 0.370

CRP at TNFi start, mg/dL 2.7 ± 3.2 2.8 ± 3.3 2.9 ± 2.8 0.970

HLA-B27 positive (n = 97) 43/45 (95.6) 38/41 (92.7) 8/11 (72.7) 0.051

BMI, kg/m2 24.2 ± 3.6 25.6 ± 3.7 24.4 ± 4.4 0.162

Hypertension 7 (12.3) 10 (19.7) 4 (26.7) 0.320

Diabetes 4 (7.0) 2 (3.6) 1 (6.7) 0.642

Dyslipidemia 9 (15.8) 8 (14.3) 3 (20.0) 0.835

Ischemic heart disease 0 2 (3.6) 0 0.411

Current smoker 5 (8.8) 10 (17.9) 2 (13.3) 0.400

BASDAI 9.1 ± 1.1 9.5 ± 0.6 9.5 ± 0.6 0.016

NSAID 57 (100) 56(100) 14 (93.3) 0.117

Prednisolone 9 (15.8) 10 (17.9) 5 (33.3) 0.292

Sulfasalazine 49 (86.0) 48 (85.7) 15 (100) 0.356

Methotrexate 12 (21.1) 3 (5.4) 1 (6.7) 0.035

Values are presented as mean ± SD or number (%).
TNFi, tumor necrosis factor α inhibitor; ESR, erythrocyte sediment rate; CRP, C-reactive protein; HLA, human leukocyte an-
tigen; BMI, body mass index; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; NSAID, nonsteroidal anti-inflam-
matory drug.
aThe sacroiliitis grade refers to the sum of each side of the sacroiliitis grade according to the modified New York criteria.
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female sex, hip involvement, high CRP, and type of bio-
logical drug were associated with drug discontinuation 
(Table 4). Discontinuation rate was higher in infliximab 
than etanercept users. For etanercept versus adalimum-
ab users, there was no significance in discontinuation 
in univariable analysis (HR, 2.74; 95% CI, 1.08 to 6.99; p 
= 0.035; adjusted p = 0.107) but there was significance in 
multivariable analysis (HR, 3.69; 95% CI, 1.32 to 10.31; p 
= 0.012; adjusted p = 0.044). There was no statistical sig-

nificance between adalimumab versus infliximab us-
ers (HR, 2.10; 95% CI, 0.84 to 5.23; p = 0.110; adjusted p 
= 0.279). Statistical significant was found in uses for the 
three TNFi (p = 0.003), as shown in Fig. 1. 

Reasons for discontinuation
Table 5 lists the reasons for the discontinuation from 
the first TNFi. The most common reason for discon-
tinuation was insufficient efficacy (75%), followed by an 

Table 3. Clinical characteristics between the patients with continuation and discontinuation of first TNFi at the time of the 
first TNFi initiation

Variable
Continuation

(n = 100)
Discontinuation

(n = 28)
OR (95% CI) p value

Age at disease onset, yr 24.6 ± 10.4 23.6 ± 8.0 0.99 (0.95–1.03) 0.616

Age at TNFi start 33.5 ± 11.7 31.5 ± 10.8 0.98 (0.95–1.02) 0.417

Female sex 9 (9.0) 7 (25.0) 3.37 (1.13–10.08) 0.030

Disease duration, mon 72.1 ± 81.6 75.3 ± 80.7 1.00 (0.99–1.01) 0.853

Peripheral arthritis, except hip 35 (35.0) 13 (46.4) 1.61 (0.69–3.76) 0.272

Hip arthritis 16 (16.0) 12 (42.9) 3.94 (1.57–9.88) 0.003

Enthesitis 18 (18.0) 4 (14.3) 0.76 (0.23–2.46) 0.646

Uveitis ever 25 (25.0) 3 (10.7) 0.36 (0.10–1.30) 0.118

Syndesmophytes 28 (28.0) 5 (17.9) 0.56 (0.19–1.62) 0.283

Sacroiliitis gradea 5.0 ± 1.8 4.7 ± 1.5 0.87 (0.66–1.14) 0.301

ESR at TNFi start, mm/hr 46.4 ± 30.9 52.1 ± 35.4 1.01 (0.99–1.02) 0.403

CRP at TNFi start, mg/dL 2.4 ± 2.7 4.1 ± 4.3 1.15 (1.02–1.30) 0.022

HLA-B27 positive (n = 97) 73/78 (93.6) 16/19 (84.2) 0.37 (0.08–1.69) 0.197

BMI, kg/m2 24.8 ± 3.2 25.0 ± 5.3 1.01 (0.91–1.13) 0.850

Hypertension 16 (16.0) 5 (17.9) 1.14 (0.38–3.45) 0.815

Diabetes 4 (4.0) 3 (10.7) 2.88 (0.61–13.71) 0.184

Dyslipidemia 17 (17.0) 3 (10.7) 0.59 (0.16–2.16) 0.422

Current smoker 11 (11.0) 6 (21.4) 2.21 (0.74–6.62) 0.158

BASDAI 9.3 ± 0.9 9.3 ± 1.0 0.96 (0.60–1.53) 0.859

Prednisolone 18 (18.0) 6 (21.4) 1.24 (0.44–3.50) 0.682

Sulfasalazine 87 (87.0) 25 (89.3) 1.25 (0.33–4.72) 0.747

Methotrexate 13 (13.0) 3 (10.7) 0.80 (0.21–3.04) 0.747

Etanercept 50 (50.0) 7 (25.0) 0.33 (0.13–0.85) 0.022

Adalimumab 42 (42.0) 14 (50.0) 1.38 (0.60–3.20) 0.452

Infliximab 8 (8.0) 7 (25.0) 3.83 (1.25–11.75) 0.019

Values are presented as mean ± SD or number (%).
TNFi, tumor necrosis factor α inhibitor; OR, odds ratio; CI, confidence interval; ESR, erythrocyte sediment rate; CRP, C-re-
active protein; HLA, human leukocyte antigen; BMI, body mass index; BASDAI, Bath Ankylosing Spondylitis Disease Activity 
Index.
aThe sacroiliitis grade refers to the sum of each side of the sacroiliitis grade according to the modified New York criteria.
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adverse event (14.3%). Adverse event for one etanercept 
initiator was injection site reaction. One infliximab ini-
tiator developed hypersensitivity characterized by urti-
caria, dyspnea, and hypotension. Adverse events for two 
adalimumab initiators included development of pso-
riasis and herpes infection. Also three patients of each 
drug discontinued for other reasons. One patient with 
etanercept switched to adalimumab due to the devel-
opment of recurrent uveitis. A patient on adalimumab 
discontinued the biological drug because of intolerance 
to injection, and one patient on infliximab discontinued 
the drug for the occurrence of solid cancer.

DISCUSSION

We investigated drug survival and risk factors for dis-
continuation of TNFi in patients with AS. From our 
analysis, early age disease onset, peripheral manifesta-
tions, and high acute phase reactant at baseline were as-
sociated with future TNFi use. It is similar to the poor 
prognostic factors associated with AS. A previous study 
reported that presence of hip arthritis, high ESR, and 
early disease onset were associated with poor long term 
outcome of spondyloarthritis [10]. Interestingly, patients 
with high BMI were more likely to use TNFi than pa-
tients with normal BMI. The serum levels of adipokines, 
such as leptin, TNF-α, interleukin 6 have positively cor-
related with BMI, and concentrations of adipokines 

are increased in patients with metabolic syndrome [11]. 
Also, serum leptin levels correlate with the disease ac-
tivity and associate with presence of syndesmophyte in 
patients with AS [12,13]. In present study, patients with 
syndesmophyte had higher BMI than patients without 
syndesmophyte (24.8 ± 3.3 kg/m2 vs. 23.9 ± 3.5 kg/m2, p = 
0.021). The higher levels of adipokines could be associat-
ed with a higher inflammatory burden in obese patients 
with AS and ultimately result in more TNFi use during 
the treatment course. 

In the current study, the discontinuation of first TNFi 
was 21.9%, which is similar to the previous studies. Dan-
ish DANBIO registry reported that discontinuation rate 
of TNFi was 37% (310/842) [14]. A Finnish group report-
ed that the TNFi discontinuation rate was 21% (49/229) 
within 2 years of follow-up in their cohort of patients 
[15]. Norwegian study of 249 patients with AS reported 
the discontinuation rate of 22.5% and another study re-
ported the same variable as 14.9% (77/514) [16,17]. Thus, 
the TNFi discontinuation rate of Korean patients from 
our study seems to be similar to those with the Euro-
pean patients. Most of the patients who discontinued 
the first TNFi due to insufficient efficacy showed good 
response to second TNFi except one patient. This pa-
tient was 38 years old male with high disease activity and 
both hip arthritis. He discontinued the second TNFi 
due to secondary failure and changed to the third TNFi. 
Although the symptom was not fully resolved (BASDAI 
4), he is maintaining on the third TNFi. In addition, 
there were two patients who used the third TNFi in the 
adverse event group. One patient experienced injection 
site reaction with two TNFis (etanercept, adalimumab). 
After switching to the third TNFi (infliximab), injection 
site reaction never developed. The other patient expe-
rienced psoriasis with two TNFis (adalimumab, etaner-
cept). The patient did not developed psoriasis with the 
third TNFi (golimumab). 

We found that presence of hip arthritis and high CRP 
was associated with drug discontinuation. Hip involve-
ment is common manifestation of AS and hip involve-
ment in AS increases the burden and is associated with 
poor prognosis [18]. Elevated serum level of CRP is a 
risk factor for radiographic progression in AS [19]. Hip 
involvement is associated with advanced axial disease, 
elevated CRP and higher Bath Ankylosing Spondylitis 
Index scores [20]. Patients with hip arthritis might have 

1.0

0.8

0.6

0.4

0.2

0
12 36 60 84 120

Su
rv

iva
l p

ro
ba

bi
lit

y

Time (mon)
Type Etanercept

 Etanercept 57 52 44 34 24 0
 Adalimumab 56 50 34 21 6 0
 Infliximab 15 13 8 4 0

Adalimumab Infliximab

+ Censored
Log rank p = 0.003

Figure 1. Kaplan-Meier drug survival curves of etanercept, 
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Table 5. Reasons for the discontinuation of first tumor necrosis factor α inhibitor discontinuation 

Reasons for switching 
Etanercept 

(n = 6)
Adalimumab

(n = 15)
Infliximab 

(n = 7)
Total 

(n = 28)

Insufficient efficacy 4 (66.7) 12 (80.0) 5 (71.4) 21 (75)

Primary failurea 0 4 0 4

Secondary failureb 4 8 5 17

Adverse event 1 (16.7) 2 (13.3) 1 (14.3) 4 (14.3)

Others 1 (16.6) 1 (6.7) 1 (14.3) 3 (10.7)

Values are presented as number (%).
aPrimary failure defined as never achieved meaningful response.
bSecondary failure defined as achieved meaningful response, then lost response during therapy.

Table 4. Predictors of first tumor necrosis factor α inhibitor discontinuation

Variable
Univariable Multivariable

HR (95% CI) p value
Adjusted
 p value

HR (95% CI) p value
Adjusted
 p value

Etanercept 1.00 (reference) 0.007 1.00 (reference) 0.009

Adalimumab 2.74 (1.08–6.99) 0.035 0.107 3.69 (1.32–10.31) 0.012 0.044

Infliximab 5.77 (1.94–17.17) 0.002 0.007 5.54 (1.78–17.22) 0.003 0.012

Age 0.99 (0.96–1.03) 0.603 -

Female sex 2.52 (1.07–5.96) 0.036 6.08 (2.27–16.27) 0.003

Disease duration 1.00 (1.00–1.00) 0.870 -

Peripheral arthritis 1.49 (0.71–3.13) 0.295 -

Hip arthritis 3.08 (1.44–6.58) 0.004 2.52 (1.08–5.87) 0.033

Enthesitis 0.83 (0.29–2.38) 0.723 -

Uveitis 0.36 (0.11–1.20) 0.097 0.29 (0.08–1.01) 0.052

Inflammatory bowel disease 2.67 (0.36–19.77) 0.337 -

Syndesmophyte 0.60 (0.23–1.57) 0.296 -

Sacroiliitis gradea 0.90 (0.70–1.16) 0.431 -

ESR 1.00 (0.99–1.01) 0.677 -

CRP 1.09 (1.00–1.20) 0.046 1.10 (1.00–1.21) 0.044

HLA B-27 0.49 (0.14–1.70) 0.262 -

BMI 1.00 (0.90–1.11) 0.995 -

Hypertension 0.92 (0.35–2.44) 0.873 -

Diabetes 1.65 (0.49–5.53) 0.415 -

Dyslipidemia 0.50 (0.15–1.65) 0.251 -

Current smoker 1.91 (0.77–4.73) 0.165 1.61 (0.64–4.09) 0.315

BASDAI 1.08 (0.70–1.69) 0.723 -

Prednisolone 1.04 (0.42–2.57) 0.929 -

Sulfasalazine 1.13 (0.34–3.76) 0.839 -

Methotrexate 0.66 (0.20–2.21) 0.499 -

HR, hazard ratio; CI, confidence interval; ESR, erythrocyte sediment rate; CRP, C-reactive protein; HLA, human leukocyte an-
tigen; BMI, body mass index; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index.
aThe sacroiliitis grade refers to the sum of each side of the sacroiliitis grade according to the modified New York criteria.
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high disease activity during treatment course than pa-
tients without hip arthritis, and it could result in more 
discontinuation of the first TNFi. Risk factors for TNFi 
discontinuation seem to overlap with poor a prognosis 
in AS. In addition, female sex was a risk factor for drug 
discontinuation. It also corresponds with the previous 
nationwide studies that female sex was a predictor of 
drug discontinuation in RA [21] and AS [14]. However, 
male patients with AS have more structural damage than 
female patients [22]. The reason that the female gender is 
risk factor for drug discontinuation is unclear. It may be 
due to females having more peripheral arthritis. In the 
current study, although occurrence of hip arthritis was 
not significantly different between males and females, 
the female patients had more peripheral arthritis than 
the male ones (62.5% vs. 33.9%, p = 0.027). In addition, 
it may be due to the tendency of women to report poor 
treatment outcome in subjective parameters [23,24]. Fe-
male AS patients report worse functioning outcome than 
males at any level of radiographic damage [22]. 

In this study, etanercept had the best survival and in-
fliximab had the shortest survival and this corresponds 
to previous studies. Etanercept had better survival rates 
than infliximab in patients with RA [21,25] and simi-
lar results are found in spondyloarthritis [7,14,26]. The 
number of patients who used infliximab was smaller 
than other TNFis. Because infliximab injection required 
intravenous access, patients might have chosen subcuta-
neous TNFis rather than infliximab. In addition, physi-
cian’s personal opinion would have affected also. Due to 
small sample size of infliximab user, there is a possibil-
ity that the HR of infliximab about TNFi discontinua-
tion have been overestimated [27]. 

Development of antidrug antibodies is associated with 
poor clinical response, the appearance of infusion reac-
tions and the discontinuation of the treatment [28,29]. 
Chimeric monoclonal antibody (infliximab) induces 
the production of antidrug antibodies more frequently 
than the fully human drug (adalimumab) and the recep-
tor fusion protein (etanercept). In patients with AS, the 
formation of antidrug antibody was 0% in etanercept, 
whereas infliximab was 20% to 80% [30,31]. Comedica-
tion of methotrexate reduces the formation of antidrug 
antibody [32]. Comedication with disease modifying 
antirheumatic drug (DMARD) was also associated with 
better retention rate of TNFi in patients with AS [33]. In 

current study, DMARD use was not related to TNFi dis-
continuation. In our study, DMARD was not usually ad-
ministered in the axial form of spondyloarthritis. Most 
of patients who used DMARD had peripheral manifes-
tations and they discontinued the DMARD rapidly after 
initiation of TNFi.

There are several limitations in our study. This was 
a retrospective study from a single tertiary center and 
study population was small. And data about disease ac-
tivity parameters such as Bath Ankylosing Spondylitis 
Functional Index and ASDAS were not available in every 
patient. However, we found out the real world experi-
ence of TNFi use and drug survival in Asian patients 
with AS. In conclusion, this study document that 21.9% 
patients discontinued the first TNFi during the follow-
up period. The TNFi discontinuation rate of Korean pa-
tients seems to be similar to those with the European 
patients. The most common reason for drug discon-
tinuation was inefficacy. In addition, female sex, hip in-
volvement, high levels of CRP, and type of TNFi were 
associated with drug discontinuation. 

KEY MESSAGE

1. Tumor necrosis factor α inhibitor (TNFi) dis-
continuation rate of Korean patients with anky-
losing spondylitis seems to be similar to those 
with the European patients. 

2. Female sex, hip involvement, C-reactive protein, 
and the type of TNFi were associated with TNFi 
discontinuation. 
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