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Division of Rheumatology, Department of Internal Medicine, Seoul National University College 
of Medicine, Seoul, Republic of Korea.

Abstract
Objective

To investigate the efficacy and safety of low-dose etanercept treatment after clinical remission of ankylosing spondylitis 
(AS) in the real world.

Methods
Data on 134 AS patients who were treated with etanercept for more than 12 months and achieved clinical remission 
(BASDAI<4 and CRP<0.5 mg/dL) were extracted from a large single centre registry. Drug survival and incidence of 

adverse events in 100 patients who reduced the dose during follow up (low-dose group) were compared with 34 patients 
who maintained the initial dose (standard-dose group). For minimisation of selection bias between the two groups, the 

same analyses were performed in a propensity score-matched population.

Results
Both groups showed similar BASDAI score and CRP levels during the follow-up. Drug survivals between the two 

groups were also comparable up to 4 years (vs. standard-dose group, adjusted HR=0.472, 95% CI 0.155–1.435). The same 
analysis performed after propensity score-matching showed concordant result. The incidence of injection site reactions in 
the low-dose group was significantly lower, and the incidence of other adverse events showed no differences between the 
two groups. In the low-dose group, dose reduction after more than 24 weeks of standard-dose treatment was associated 

with longer drug survival (adjusted HR=0.261, 95% CI 0.084–0.809). 

Conclusion
Low-dose etanercept treatment after achieving clinical remission can be an alternative treatment option in terms of its 

comparable long-term efficacy and favourable safety in AS. More than 24 weeks of standard-dose treatment before dose 
reduction may be beneficial for longer drug survival in this strategy.
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Introduction
The introduction of tumour necrosis 
factor (TNF) inhibitors has strikingly 
changed treatment of ankylosing spon-
dylitis (AS). Short- and long-term ef-
ficacy of these drugs has been demon-
strated in numerous randomised clinical 
trials and cohort studies (1-5). The main 
goal of TNF inhibitor treatment in AS is 
to achieve clinical remission, since the 
effect of TNF inhibitors on radiologic 
progression is controversial (6). How-
ever, discontinuing TNF inhibitor treat-
ment after remission usually leads to 
relapse within a few months (7). There-
fore, AS patients who start TNF inhibi-
tors are recommended to continue ther-
apy, and this can be a substantial burden 
in terms of safety and cost (8, 9). Re-
cently, some studies have suggested that 
low-dose TNF inhibitor treatment suc-
cessfully maintained clinical remission 
in patients with AS (10-14). But these 
reports were mostly case series with-
out a control group. In our clinical set-
ting, dose-tapering of TNF inhibitors in 
the treatment of AS is often performed 
based on physician decision. So in this 
setting, it is suitable to directly compare 
the efficacy and safety of a tapering reg-
imen with a conventional TNF inhibitor 
regimen in the real world. 
Among the various TNF inhibitors used 
in AS, etanercept has advantages over 
other agents. First, it is self-injectable so 
more a flexible dose adjustment is pos-
sible. Second, since it was the first in-
jectable TNF inhibitor approved for the 
treatment of AS in South Korea, investi-
gation regarding long-term efficacy and 
safety is feasible. Finally, etanercept has 
a greater affinity for soluble TNF-α mol-
ecules and is less immunogenic (15-17).
Because the two most common caus-
es for discontinuation of etanercept 
treatment are clinical inefficacy and 
significant adverse effects, drug sur-
vival is a useful surrogate marker of 
effectiveness and safety. Therefore, in 
the present study, we investigated the 
long-term drug survival of low-dose 
etanercept in AS patients who achieved 
clinical remission and compared it 
with that of a conventional etanercept 
regimen. In addition, since there is no 
consensus on a dose-titration schedule 
for etanercept in AS, we also examined 

clinical factors, including optimal tim-
ing of dose reduction, that are related 
to longer drug survival. 

Patients and methods 
Patients 
Data on AS patients were extracted from 
the AS registry from the Seoul National 
University Hospital. This single-centre 
registry includes data on 1,925 patients 
diagnosed with AS between January 
2004 and December 2013. All patients 
fulfilled the modified New York and/or 
the Assessment of SpondyloArthritis 
International Society (ASAS) classifi-
cation criteria at time of diagnosis (18, 
19). Patients started etanercept for high 
disease activity (Bath Ankylosing Spon-
dylitis Disease Activity Index [BAS-
DAI] ≥4) despite adherence (Medica-
tion Possession Ratio [MPR] >80%) to 
non-steroidal anti-inflammatory drugs 
(NSAIDs) and/or disease-modifying 
anti-rheumatic drugs (DMARDs) for 
more than 3 months. 
Patients who started etanercept between 
January 2004 and December 2013 and 
achieved clinical remission were ini-
tially included. Since the main objec-
tive of this study was to compare drug 
survival of the two treatment strategies 
in AS patients who achieved clinical re-
mission, we restricted our analysis only 
to patients with: 1) more than 1 year of 
etanercept treatment and 2) at least 6 
months of follow-up after dose reduc-
tion. Patients who did not fulfill these 
criteria were excluded (Fig. 1). Clinical 
remission was defined as BASDAI <4 
and C-reactive protein (CRP) <0.5 mg/
dL, based on a previous report (11).
Demographic and clinical features, in-
cluding drug survival and dosing sched-
ule of etanercept, were obtained from 
medical records. We also collected data 
on other medications prescribed before 
and after starting etanercept. This study 
was carried out in accordance with the 
Helsinki Declaration and was approved 
by the institutional review board (IRB) 
of Seoul National University Hospital 
(IRB No. H1310-085-528).

Patient assessment and dose 
adjustment of etanercept
Disease activity was evaluated using 
BASDAI and CRP. Patient visits for 
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clinical monitoring were performed af-
ter 3 months of treatment and every 6 
months thereafter. All patients were as-
sessed at each visit to continue etaner-
cept treatment based on fulfillment of 
BASDAI 50 response criteria (19). Ad-
herence to medication at baseline was 
estimated using the MPR of NSAIDs 
or DMARDs. 
Because this study was observational, 
there was no consistent regimen for 
dose adjustment of etanercept, and 
four physicians in the rheumatology 
department independently decided on 
dose-tapering for their patients. How-
ever, all patients started etanercept at 
a dosage of 50 mg/week (25 mg twice 
weekly or 50 mg weekly) and dose 
reduction was considered only in pa-
tients who achieved clinical remission. 
Because there has been no consensus 
about dose adjustments in patients with 
a persistent low disease activity with 
conventional etanercept treatment, 
dose-tapering was not considered for 
them during the observation period. 
The first dose reduction was by 25 mg/
week (25 mg weekly or 50 mg every 
other week) in all patients and further 
reduction was considered when clinical 
remission continued for the following 
6 to 12 months. Temporary interrup-
tion or dose escalation of etanercept 
(<3 months) was allowed, but it was 
regarded as a discontinuation if this pe-
riod exceeded 3 months. Patients in the 
standard-dose group switched to anoth-
er TNF inhibitor without dose eleva-
tion for clinical inefficacy, which was 
as defined as a BASDAI >4 or a wors-
ening of ≥2 units compared to the prior 
visit. With regard to safety, patients in 
both groups discontinued etanercept if 
grade 3 or recurrent grade 2 adverse 
events (defined as clinically significant 
adverse event [CSAE]) occurred.

Drug survival of etanercept
Drug survival was calculated as the 
duration of etanercept treatment, and 
all observation was censored on 31 
December 2013. In this study, an event 
for drug survival was defined as a dis-
continuation due to clinical inefficacy 
or CSAE. Therefore, patients who 
stopped etanercept due to prolonged 
remission or pregnancy were censored 

at the date of discontinuation and not 
counted as events in the analysis. 

Statistical analysis 
Continuous values were presented as 
mean ± standard deviation or median 
(interquartile range) for normally and 
non-normally distributed data, respec-
tively. Student’s t-test or Mann-Whit-
ney U test was used for the comparison 
of continuous data between the two 
groups. The correlation between two 
continuous values was assessed by 
Pearson’s correlation coefficient. Ka-
plan-Meier curve and log-rank test were 
used to present crude drug survival be-
tween the two groups. Univariate and 
multivariate Cox regressions were per-
formed to estimate hazard ratios (HRs) 
for discontinuation and to investigate 
clinical factors affecting drug survival. 
In the Cox proportional hazards model 
for comparison of drug survival be-
tween the two groups, the HR was ad-
justed for age, gender, disease duration, 
initial BASDAI score, baseline metho-
trexate (MTX) use and previous TNF 
inhibitor use (20). To minimise the im-
pact of selection bias, we performed the 
same survival analyses in a propensity 
score-matched population. A propen-
sity score was calculated using a multi-
ple logistic regression model, including 
the following variables: age, gender, 
disease duration, initial BASDAI score, 
human leukocyte antigen (HLA)-B27, 
baseline CRP, baseline MTX use and 
previous TNF inhibitor use. Matching 
was performed using a caliper of 0.2 
to remove poor matches. The incidence 
rate of adverse event during the ob-
servation period was expressed as the 
number of cases per 100 person-years 
(PYs). Differences in the incidence 
rates of adverse events between the 
two groups were assessed by Poisson 
regression. All statistical analyses were 
performed using SPSS 18.0 (SPSS Inc., 
Chicago, IL, USA) and software R 
2.8.0. p-values <0.05 were considered 
statistically significant. 

Results 
Characteristics of the patients 
Data on 186 AS patients treated with 
etanercept were first extracted from our 

registry. Of these patients, 52 (28.0%) 
were excluded because they discontin-
ued treatment within first 12 months, 
and there were no patients who main-
tained the reduced dosage for less than 
6 months. Finally, 134 patients who 
showed a sustained clinical response 
for at least 12 months were analysed in 
this study. Among them, 100 patients 
received a reduced dosage of etaner-
cept after achieving clinical remission 
(low-dose group), and the remain-
ing 34 patients continued treatment at 
the initial dose (standard-dose group)  
(Fig. 1). 
Thirty patients in standard-dose group 
and 92 patients in the low-dose group 
were first-time TNF inhibitor users. Pa-
tients in the low-dose group were sig-
nificantly younger than those in stand-
ard group (37.0 years vs. 47.6 years, 
p<0.001), but there were no significant 
differences in other clinical factors such 
as BASDAI score, disease duration and 
HLA-B27 between the two groups. 
MPRs of NSAIDs or DMARDs at 
baseline between the two groups were 
also comparable (92.7±6.2% in stand-
ard-dose group vs. 91.8±5.2% in low-
dose group, p=0.491) (Table I). During 
the observation period, 51 (38.3%), 23 
(17.3%) and 16 (11.0%) patients used 
NSAIDs, MTX and sulfasalazine with 
etanercept, respectively, and their pro-
portions between the two groups were 
comparable.
In the low-dose group, the median in-
terval between starting etanercept and a 
dose reduction was 19.5 (25.1) weeks 
and most patients (91.0%) tapered the 
dosage within a year. The median pro-
portion of the standard-dose period in 
total duration of etanercept treatment 
was 0.10 (0.17), and there were no pa-
tients with a ratio exceeding 0.5. This 
suggests that all patients in the low-
dose group maintained a long-term 
low-dose period after a relatively short 
period of standard-dose treatment for 
clinical remission. 
Baseline characteristics of patients 
after propensity score matching are 
described in Table I. There were no 
significant differences in patient age 
between groups, and other clinical fac-
tors were more balanced after match-
ing (Supplementary Figure 1). 
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Disease activity during 
the observation 
All patients achieved clinical remission 
within a year of etanercept treatment. 
Times to achieving clinical remission 
were not significantly different between 
groups (15.3±12.4 weeks in the stand-
ard-dose group versus 16.1±14.4 weeks 
in the low-dose group, p=0.779). Dis-
ease activity as indicated by BASDAI 
scores and serum CRP level was also 
similar between the two groups over all 
monitoring visits (Fig. 2). This result 
was concordant with the same analy-
sis performed using the propensity-
matched population (data not shown).

Drug survival of etanercept 
The enrolled patients were observed 
for a total of 536.8 PYs (95.9 PYs 
with standard-dose group and 440.9 
PYs with low-dose group), and the 
median duration of etanercept treat-
ment was 43.1 (41.1) months. During 
follow-up, 6 (17.6%) patients in the 
standard-dose group and 22 (22.0%) in 
the low-dose group stopped etanercept 
due to adverse events or clinical inef-
ficacy. CSAEs (21/28, 75.0%) were a 
more common cause of discontinua-
tion than inefficacy (7/28, 25.0%), with 
a similar distribution between the two 
groups. In 116 censored patients, 24 
patients were lost to follow-up (5 in the 
standard-dose group and 16 in the low-
dose group), and 72 patients actively 
maintained etanercept at the end of 
data collection (22 in the standard-dose 
group and 50 in the low-dose group). 
Other censored patients discontinued 
treatment due to prolonged remission 
or pregnancy.
Overall 2-, 3- and 4-year drug survivals 
in the standard-dose group were 93.5%, 
89.4% and 76.2%, respectively, com-
pared with 98%, 91.0% and 83.4% in 
the low-dose group. Crude drug surviv-
al in the low-dose group was numeri-
cally higher than in the standard-dose 
group (p=0.282 by log-rank test). This 
result was maintained after adjustment 
for clinical factors (age, gender, disease 
duration, initial BASDAI score, base-
line MTX use and previous TNF in-
hibitor use; adjusted HR = 0.472, 95% 
confidence interval [CI] 0.155-1.435, 
p=0.186) (Fig. 3a). 

In the propensity score-matched popu-
lation, 2-, 3- and 4-year drug survival 
rates for the standard-dose group were 
also similar to those of the low-dose 
group, but the numerical difference be-
tween the two groups decreased after 
matching (88.1% vs. 96.0%, 88.1% vs. 
89.6% and 70.5% vs. 84.2% in 2-, 3- 
and 4-year drug survival, respectively, 
p=0.448 by log-rank test) (Fig. 3b). 
In the multivariate Cox proportional 
hazards model, the outcome was con-
cordant with the results from the whole 
study population (adjusted HR = 0.619, 
95% CI 0.194-1.973, p=0.417). 

Incidence of adverse events 
Incidence rates of any adverse events 
between groups were comparable but 
numerically lower in the low-dose 
group (54.2/100 PYs vs. 61.5/100PYs 
in the standard-dose group, p=0.397). 
Infection, predominantly upper respira-
tory tract, was most common in both 
groups (18.7/100 PYs in the standard-
dose group vs. 21.5/100 PYs in the low-
dose group, p=0.582). Incidence rates 
of other adverse events between groups 
were also similar; however, injection 
site reactions occurred less frequently 
in the low-dose group (2.7/100 PYs vs. 
6.3/100 PYs in the standard-dose group, 
p=0.014) (Table II). CSAEs occurred in 
23 patients and its incidence was not 
different between groups (5.2/100 PYs 

in the standard-dose group vs. 4.1/100 
PYs in the low-dose group, p=0.783). 

Clinical factors affecting drug 
survival in the low-dose group 
Since there has been no consensus about 
an optimal schedule for dose reduction of 
etanercept in AS, we investigated clini-
cal factors affecting drug survival in the 
low-dose group. Time to dose reduction 
was positively correlated with drug sur-
vival of etanercept (r=0.261, p=0.009). 
Interestingly, a subgroup of patients 
from the low-dose group who reduced 
the dose after more than 24 weeks of 
standard-dose treatment showed sig-
nificantly longer drug survival than pa-
tients in the low-dose group with ≤24 
weeks of standard-dose period (HR 
0.250, 95% CI 0.083-0.756, p=0.014). 
This result was consistent in a multi-
variate model adjusted for age, gender, 
disease duration, initial BASDAI score, 
baseline MTX use and previous TNF in-
hibitor use (adjusted HR 0.261, 95% CI 
0.084–0.809, p=0.020). Time to achieve 
clinical remission between the two sub-
group was comparable (14.8±5.3 weeks 
vs. 12.9±6.3 weeks, p=0.131) and other 
demographic and clinical factors at the 
initiation of treatment also showed no 
between-subgroup differences. Previ-
ous TNF inhibitor use was associated 
with early discontinuation of low-dose 
etanercept treatment in multivariate 

Fig. 1. Disposition of the patients in this study.
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analysis (adjusted HR 10.447, 95% CI 
2.513–43.433, p=0.001). Female gen-
der was also related to a shorter drug 
survival for the low-dose regimen, but 
it was not significant in multivariate 
analysis (adjusted HR 2.982, 95% CI 
0.948–9.382, p=0.062) (Table III). 

Sensitivity analysis
Although the dose reduction strategy 
was relatively homogeneous, there 
were some ‘outliers’ regarding the first 
standard-dose period in the low-dose 
group. We performed two sensitivity 
analyses, one excluding nine patients 
who tapered the dose after more than 

1 year of standard-dose and another 
excluding four patients as outliers re-
garding the proportion of the low-dose 
period in total duration of etanercept 
treatment. None of which did alter the 
result of original survival analysis. 
In addition, to exclude the possibility 
that patients with a more favourable 
safety profile during the remission in-
duction were assigned to the low-dose 
group, incidence rates of adverse events 
during the first year of treatment were 
calculated for the two groups (Supple-
mentary Table I). There were no differ-
ences in the occurrence of any adverse 
events between the two groups. 

Discussion
The results of the present study showed 
that low-dose etanercept treatment in 
AS patients who achieved clinical re-
mission had a comparable drug sur-
vival to a standard-dose regimen dur-
ing a long-term observation period. 
In addition, both regimens similarly 
inhibited disease activity, and the inci-
dence of some adverse events appeared 
to be decreased in the low-dose group, 
especially injection site reactions. 
Taken together, these finding suggest 
that low-dose etanercept treatment for 
‘maintenance’ of clinical remission has 
favourable efficacy and safety as com-

Table I. Baseline characteristics of patients.
 
 Whole population Post-matched population

 Standard-dose group Low-dose group p-value Standard-dose group Low-dose group p-value
 n=34 n=100  n=31 n=52 

Female (n, %) 3 (8.8%) 23 (23.0%) 0.082 3 (9.7%) 6 (11.5%) 0.792
Age, mean (SD), years 52.0 (13.0) 42.8 (13.3) <0.001 47.2 (13.7) 43.9 (12.6) 0.261
Disease duration, mean (SD), years 11.0 (7.6) 9.4 (4.8) 0.241 10.6 (7.4 10.6 (5.9) 0.988
First TNF inhibitor use, n (%) 30 (88.2%) 92 (92.0%) 0.507 3 (9.7%) 4 (7.7%) 0.753
Initial BASDAI score, mean (SD) 6.9 (1.6) 6.9 (1.5) 0.905 6.9 (1.6) 7.0 (1.6) 0.811
HLA-B27, n (%) 30 (90.9%) 84 (90.3%) 0.841 29 (93.5%) 49 (94.2%) 0.899
ESR, mean (SD), mm 40.3 (30.3) 41.3 (29.1) 0.863 39.2 (31.1) 45.7 (32.3) 0.378
CRP ≥ 0.5 mg/dL, n (%) 26 (76.5%) 79 (79.0%) 0.757 23 (74.2%) 42 (78.8%) 0.623
Time to achieving clinical remission, mean (SD), 15.3 (12.4) 16.1 (14.4) 0.318 15.7 (13.0) 13.6 (6.9) 0.411 
   in weeks 
Time to tapering dose, median (IQR), in weeks  NA  19.5 (10.1-39,6) NA  NA 24.3 (6.0-35.1) NA
NSAID, n (%) 32 (94.1%) 95 (95.0%) 0.842 30 (96.8%) 49 (94.2%) 0.601
Sulfasalazine, n (%) 18 (52.9%) 55 (55.0%) 0.835 17 (54.8%) 28 (53.8%) 0.930
MTX, n (%) 11 (32.4%) 24 (24.0%) 0.338 10 (32.3%) 15 (28.8%) 0.743
Low-dose steroid, n (%) 7 (20.6%) 27 (27.0%) 0.458 1 (3.2%) 4 (7.7%) 0.646
MPR of NSAID or DMARD, mean (SD), %* 92.7 (6.2) 91.8 (5.2) 0.491 93.0 (6.4) 91.6 (5.2) 0.321

BASDAI: Bath Ankylosing Spondylitis Activity Index; CRP: C-reactive protein; DMARD: disease-modifying anti-rheumatic drugs; ESR: erythrocyte 
sedimentation rate; IQR: interquartile range; MPR: medication possession ratio; MTX: methotrexate; NSAID: non-steroidal anti-inflammatory drug; SD: 
Standard deviation; TNF-α: tumour necrosis factor-alpha. *MPR of DMARDs was calculated in patients who did not use NSAIDs at baseline.

Fig. 2. Longitudinal changes of BASDAI (A) and serum C-reactive protein (B) between standard and low dose groups (mean, 95% confidence interval). 
These factors were not significantly different between two groups over the entire treatment period.
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pared with standard-dose treatment in 
the real world.
Previous studies have shown that dis-
continuation of TNF inhibitors in well-
controlled AS patients lead to clinical 
relapse within a few weeks to months 
(7, 21). However, continuous use leads 
to significant financial burden and 
possibly increases the risk of adverse 
events. Therefore, low-dose etanercept 
seems to be ideal with regard to cost/
efficacy ratio and safety (22). Lee et al. 
first reported 16 cases where 25 mg/
week of etanercept was effective in 
maintaining clinical remission after 12 
weeks of standard-dose treatment (10). 
In another retrospective analysis, pro-
gressive increases in the dosing interval 
of etanercept did not increase disease 
activity and showed high drug retention 
rate (14). However, these studies did 
not have a control group, making direct 
comparison impossible. Recently, Zá-
vada et al. showed that tailored dose re-
duction of TNF inhibitors after achiev-
ing low disease activity (BASDAI <4) 
produced similar clinical efficacy at 1 
year as propensity-score matched con-
trols with standard-dose treatment (23). 
This is in agreement with our results, 
but we further demonstrated contin-
ued efficacy and safety of low-dose 
etanercept treatment for up to 4 years. 
If maintenance of the treatment goal 
can be continued with a reduced dose, 
it may also provide a huge cost benefit 
to patients and health care systems. 
It is rather interesting that drug survival 
of the low-dose group was numerically 

Fig. 3. Kaplan-Meier curve of drug survival between standard and low dose groups in a whole population (A) and propensity-score matched population (B).

Table II. Incidence rates of adverse events.
 
 Low-dose group Standard-dose group Incidence rate ratio p-value
   (Low/Standard) 

Any AE 54.2 (47.6-61.5) 61.5 (46.9-79.4) 0.884 (0.665-1.176) 0.397
Uveitis 12.5 (9.4-16.2) 9.4 (4.3-17.8) 1.334 (0.659-2.699) 0.423
Infection 21.0 (17.0-25.8) 17.7 (10.3-28,4) 1.194 (0.712-2.002) 0.501
Injection site reaction 2.7 (1.4-4.8) 8.3 (3.6-16.4) 0.327 (0.134-0.801) 0.014
Headache 2.9 (1.6-5.0) 6.3 (2.3-13.6) 0.473 (0.180-1.244) 0.129
Gastroenteritis 5.2 (3.3-7.8) 3.1 (0.6-9.1) 1.673 (0.502-5.573) 0.402
Other* 9.5 (6.9-12.9) 13.6 (7.2-23.1) 0.705 (0.379-1.314) 0.271

Any CSAE 4.1 (2.4-6.5) 5.2 (1.7-12.2) 0.783 (0.291-2.108) 0.628
Uveitis 2.3 (1.1-4.2) 3.1 (0.6-9.1) 0.725 (0.199-2.633) 0.625
Infection 0.5 (0.0-1.6) 1.0 (0.0-5.8) 0.435 (0.039-4.795) 0.497
Injection site reaction 0.7 (0.1-2.0) 1.0 (0.0-5.8) 0.652 (0.068-6.270) 0.711
Malignancy 0.2 (0.0-1.3) 0  NA  NA

AE: adverse event; CSAE: clinically significant adverse event. Incidence rate (95% confidence interval) 
is expressed per 100 person-years. 
*Includes skin rash, nephrolithiasis, tingling sense in extremities, gallstones and leukopenia.

Table III. Clinical factors affecting drug survival of low-dose etanercept regimen.
 
 Univariate analysis Multivariate analysis†

 Unadjusted HR p-value Adjusted HR p-value
 (95% CI)  (95% CI) 

Female gender 2.856 (1.186-6.874) 0.019 2.982 (0.948-9.382) 0.062
Age 1.005 (0.974-1.037) 0.768 1.001 (0.968-1.035) 0.958
Disease duration 0.999 (0.920-1.084) 0.974 1.052 (0.972-1.139) 0.209
Previous TNF inhibitor use 12.429 (3.092-49.961) <0.001 10.447 (2.513-43.433) 0.001
Initial BASDAI score 0.965 (0.721-1.291) 0.810 0.842 (0.585-1.212) 0.354
Time to dose reduction >24 weeks 0.250 (0.083-0.756) 0.014 0.261 (0.084-0.809) 0.020
HLA-B27 0.804 (0.186-3.472) 0.770 * 

ESR 1.010 (0.995-1.025) 0.203 * 

CRP 0.999 (0.882-1.132) 0.990 * 

Baseline medication    
MTX 1.441 (0.587-3.539) 0.426 1.934 (0.766-4.882) 0.163
Low-dose steroid 0.592 (0.200-1.753) 0.344 * 

BASDAI: Bath Ankylosing Spondylitis Activity Index; CI: confidence interval; CRP: C-reactive protein; 
ESR: erythrocyte sedimentation rate; HR: hazard ratio; MTX: methotrexate; NSAID: non-steroidal anti-
inflammatory drug; TNF: tumour necrosis factor.
†Multivariate analysis is adjusted by age, gender, disease duration, initial BASDAI score, baseline 
MTX and clinical factors with p-value <0.2 in univariate analysis. 
*Excluded from multivariate analysis because p-value >0.2 in univariate analysis.
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higher than in the standard-dose group. 
In the whole study population, patients 
in the standard-dose group tended to 
have longer disease durations, be older 
and more likely to be  women, which are 
unfavourable factors in the treatment 
of AS. The difference in drug survival 
between the two groups was decreased 
in the propensity-score matched popu-
lation but persisted. This was partly 
because we excluded patients whose 
drug survival was less than 12 months. 
Previous reports suggested that discon-
tinuation of etanercept due to inefficacy 
occurs most frequently during the first 
year of treatment, whereas withdrawal 
due to adverse events occurs at a rela-
tively constant rate (24, 25). In fact, 
there were only seven cases of ineffi-
cacy during the observation period and 
CSAEs arose more frequently in this 
study. Therefore, the numerically supe-
rior drug survival in the low-dose group 
may be a reflection of its marginally fa-
vourable safety. 
Although the number of reports on low-
dose etanercept treatment in AS is in-
creasing, there is no consensus as to a 
dosing schedule that provides maximum 
efficacy. Therapeutic effects of TNF in-
hibitors are rapid, so AS patients who are 
responsive to treatment usually achieve 
clinical remission within several weeks. 
However, most patients who start TNF 
inhibitors at a low-dose fail to achieve 
clinical remission and eventually esca-
late the dose (26, 27). Therefore, deter-
mining proper duration of standard-dose 
treatment before tapering is essential for 
a universal recommendation. In this re-
spect, it is of note that dose reduction 
after at least 24 weeks of standard treat-
ment was significantly associated with a 
longer drug survival in this study. Previ-
ous pharmacokinetic studies suggested 
that trough levels of etanercept gradu-
ally increase toward steady-state during 
the first 24 weeks of treatment and are 
proportional to the dose (28, 29). There-
fore, premature dose reduction during 
this period may result in insufficient 
concentrations of the drug. Although 
an exact therapeutic window remains 
uncertain, a recent study demonstrated 
that low etanercept levels at 24 weeks of 
treatment was significantly associated 
with high disease activity and inflam-

matory markers (30). The above results 
indicate that an adequate standard-dose 
period prior to de-escalation may be a 
more appropriate strategy in low-dose 
etanercept treatment.
By contrast, patients previously treated 
with other TNF inhibitors showed a 
shorter drug survival than first users 
in a subgroup analysis of the low-dose 
group. AS patients switching TNF in-
hibitors usually show a decreased re-
sponse rate and drug survival (4, 31). 
However, few studies have investigated 
the impact of low-dose etanercept in 
these patients. We could not compare 
drug survival of switchers between 
groups because their numbers were too 
small. It needs to be clarified in future 
studies whether a tapering regimen 
shows a comparable efficacy to stand-
ard-dose treatment in AS patients who 
switched from other TNF inhibitors. 
This study has some limitations that 
need to be considered. First, it is a 
non-randomised, observational study, 
and there was a significant difference 
in patient age between groups. Com-
parable drug survival in the low-dose 
group was not changed in the propen-
sity score-matched population, so it is 
less likely that a disparity in age se-
verely biased the results in our study. 
However, despite this rigorous adjust-
ment to minimise the imbalance of 
pre-treatment characteristics, complete 
removal of bias from unmeasured con-
founders is impossible by statistical 
techniques. For example, although ta-
pering was considered in patients with 
clinical remission, it was decided by 
four different physicians. We cannot 
exclude the possibility that each phy-
sician’s decision on selecting patients 
for a decreased dose could be different. 
Second, although the BASDAI was 
used for monitoring disease activity, 
other methods, such as the Ankylos-
ing Spondylitis Disease Activity Score 
(ASDAS), BASMI or radiologic pro-
gression, were not uniformly assessed. 
However, BASDAI is well-established 
and valid indicator of disease activity. 
We also considered CRP in assessing 
clinical remission and responsiveness 
of treatment to make up for any weak-
nesses of the BASDAI. In addition, 
since there is no universal criteria for 

remission, the definition of clinical re-
mission used in this study could be dif-
ferent, which makes comparison of the 
results to other studies difficult. Final-
ly, drug survivals of both groups were 
higher than previously reported (4, 24). 
Although we analysed only patients 
with sustained clinical response to 
etanercept, it is possible that censored 
patients with low compliance might 
have overestimated drug survival. 
In conclusion, the results from this 
study indicate that low-dose etanercept 
for the maintenance of clinical remis-
sion in AS can be an alternative treat-
ment option in terms of its comparable 
long-term efficacy and favourable safe-
ty. Although an optimal schedule of this 
‘step-down’ strategy is still unclear, at 
least 24 weeks of standard-dose prior to 
tapering appears to be beneficial to suc-
cessful outcome of low-dose etanercept 
treatment. 
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