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Introduction
Ankylosing spondylitis (AS) is a chronic inflamma-
tory disorder characterised by inflammatory back 
pain, sacroiliitis, spinal inflammation and bony 
ankylosis, which leads to reduced spinal mobility 
and functional limitations.1,2 For the treatment of 
active AS, non-steroidal anti-inflammatory drugs 
(NSAIDs) are used as a first-line treatment, and 
for patients with active AS despite treatment with 
NSAIDs, tumour necrosis factor inhibitors (TNFis) 
are used as a second-line treatment.3,4

Although the introduction of TNFi has markedly 
improved the treatment of AS,5–9 their long-term 
use imposes a substantial economic burden on 
patients and possess a risk of infection.10,11 Given 
these concerns, several studies have compared the 
reduced dose (i.e. tapering) and standard dose of 
TNFi in patients with low disease activity (LDA) 
and have reported that both have similar effects 
on disease control.12–15 Based on these data, the 
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(ASAS–EULAR) recommended that tapering of 
TNFi can be considered in patients with sustained 
remission.3 However, other observational studies 
that focussed on complete discontinuation of 
TNFi, reported that 60–74% of patients relapse 
after TNFi discontinuation.16–18 Accordingly, the 
American College of Rheumatology/Spondylitis 
Association of America/Spondyloarthritis Research 
and Treatment Network (ACR/SAA/SPARTAN) 
conditionally recommended against discontinua-
tion of TNFi in patients with stable AS.4 
Moreover, the ACR/SAA/SPARTAN condition-
ally recommended against tapering TNFi as a 
standard approach because of the limited evi-
dence in maintaining long-term remission after 
tapering TNFi.4

Given that tapering TNFi in patients with inactive 
AS is controversial, tapering TNFi injudiciously 
in patients with inactive AS may not be desirable. 
Rather, careful selection of patients who could 
benefit from tapering TNFi without having a flare 
and implementation of TNFi tapering in these 
selected patients would be a better approach. 
Currently, limited data are available on predictors 
of flare after tapering TNFi; therefore, it is unclear 
which patients are appropriate to be selected for 
the implementation of TNFi tapering and what 
extent of dose reduction is appropriate. The aim 
of this study was to investigate factors associated 
with the risk of flare after TNFi tapering.

Methods

Study population
Patients with AS who received TNFi between 
January 2010 and December 2018 at a tertiary 
referral hospital in Seoul, South Korea were 
reviewed retrospectively for inclusion in this 
study. All patients included in the study fulfilled 
the following inclusion criteria: (a) the radiologi-
cal criterion of the 1984 modified New York cri-
teria (sacroiliitis grade ⩾2 bilaterally or grade ⩾3 
unilaterally)19; (b) tapering of the first TNFi after 
achievement of LDA; and (c) followed up for at 
least 6 months after initiation of TNFi tapering. 
Exclusion criteria were: (a) received a standard 
dose of TNFi throughout the observational 
period; (b) prior use of other TNFis (i.e. tapering 
of TNFi not implemented for the first TNFi); 
and (c) discontinued TNFi for other reasons.

After diagnosis of AS, all patients were started on 
NSAIDs with or without conventional synthetic 

disease-modifying anti-rheumatic drugs (csD-
MARDs). For patients with active AS despite 
treatment with NSAIDs (with or without csD-
MARDs) for at least 3 months, standard dose of 
TNFi was started. After achievement of LDA, the 
TNFi was tapered by gradual prolongation of 
dosing interval and/or by dose reduction. The 
decision of when and how to taper TNFi was at 
the discretion of the treating physicians.

At the time of TNFi tapering initiation (referred 
to as the baseline), the following data were 
reviewed: age, age at symptom onset, sex, disease 
duration, body mass index (BMI), smoking his-
tory (current smoker: yes or no), HLA-B27 posi-
tivity, presence of syndesmophyte, erythrocyte 
sedimentation rate (ESR), C-reactive protein 
(CRP), Bath Ankylosing Spondylitis Disease 
Activity Index (BASDAI), time from the start of 
TNFi to the achievement of LDA, duration of 
LDA at the initiation of TNFi tapering, concomi-
tant use of NSAIDs and csDMARDs, and type of 
TNFi used. Concomitant uses of NSAIDs and 
csDMARDs at the time of flare or end of follow 
up were also reviewed.

This study was approved by the Institutional 
Review Board (IRB) of Gangnam Severance 
Hospital (IRB No: 3-2018-0283). Owing to the 
retrospective nature of this study, the require-
ment for informed consent was waived.

Definition of LDA and disease flare
LDA was defined as BASDAI < 4,15 and disease 
flare was defined as BASDAI ⩾ 4 and a 
ΔBASDAI ⩾ 2 compared with baseline BASDAI.15 
Electronic medical records of each patient were 
reviewed from baseline to the last follow-up date 
to determine whether flare occurred during this 
time period.

Quantification of TNFi tapering
As used in previous studies, we used the term 
‘dose quotient’ (DQ) to quantify the reduced 
dose of TNFi.14,20 The DQ was calculated as 
(actual dose/standard dose) × (standard dosing 
interval/actual dosing interval) × 100. As the dose 
and interval of TNFi administration were tailored 
according to the discretion of the treating physi-
cians, the DQ was not constant and varied 
throughout the disease course. Therefore, instead 
of using DQ at a single time point, we used time-
averaged DQ for analysis. Time-averaged DQ 
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was calculated as [sum of (particular DQ × admin-
istration duration of that particular DQ)]/total 
duration of observation time. The total duration 
of observation time for calculating time-averaged 
DQ was from the baseline to either the last follow 
up or occurrence of flare, whichever came first. 
For example, if a patient observed for 5 months 
had received a DQ of 50% for 3 months followed 
by DQ of 25% for 2 months, the time-averaged 
DQ was [(50 × 3) + (25 × 2)]/(3 + 2) = 40%.

Statistical analysis
Continuous variables were expressed as the 
mean ± standard deviation and median [interquar-
tile range (IQR)] for a normal and a non-normal 
distribution, respectively. The normality of con-
tinuous variables was evaluated using the 
Kolmogorov–Smirnov test. Categorical variables 
were expressed as number (%). For comparison 
between two groups, Student’s t test or Mann–
Whitney U test was performed for continuous vari-
ables, and χ2 test (or Fisher’s exact test when the 
frequency of any cell was <5) was used to compare 
categorical variables. Factors associated with flare 
were evaluated by Cox proportional hazard regres-
sion analysis. The proportional hazards assump-
tion for each independent variable was confirmed 
by testing Schoenfeld partial residuals. Factors 
with a p value of <0.15 in univariable analysis were 
included in multivariable analysis. The variation 
inflation factor (VIF) was assessed to exclude mul-
ticollinearity among covariates included in the 
multivariable analysis. VIFs of all covariates were 
<5, confirming the absence of multicollinearity. 
For the factors identified as statistically significant 
in the multivariable Cox regression analysis, 
receiver operating characteristic (ROC) curve 
analysis was used to determine the cut-offs that 
best predicted flare (i.e. points that yielded the 
maximum Youden index). Potential confounding 
by indication was adjusted by propensity score 
matching. A p value of <0.05 was considered sta-
tistically significant. All analyses were performed 
using SPSS software (version 25.0; IBM 
Corporation, Armonk. NY, USA), and figures 
were generated using GraphPad Prism (version 
7.0; GraphPad Software, San Diego, CA, USA).

Results

Baseline characteristics of the patients
A total of 321 patients with AS who received 
TNFi between January 2010 and December 

2018 were screened. Of these 321 patients, 71 
who had prior exposure to another TNFi before 
2010, 46 who failed to achieve LDA with the use 
of first TNFi, 15 who were followed up for less 
than 6 months after initiation of TNFi tapering, 
81 who received standard dose of TNFi through-
out the observational period, and 7 who discon-
tinued TNFi for other reasons (cost issue, 1 
patient; side effects, 4 patients; pregnancy, 1 
patient; and occurrence of cancer, 1 patient) 
were excluded. The remaining 101 patients with 
AS who initiated TNFi tapering after achieve-
ment of LDA with the standard dose of TNFi 
were included. The median follow-up duration 
from baseline to the last follow-up date was 50.6 
(28.3–89.7) months. Clinical characteristics of 
the patients at the initiation of TNFi tapering 
are summarised in Table 1. The median age of 
the patients was 35.0 (26.0–48.0) years and the 
majority of the patients were male (84.2%). The 
values of ESR, CRP and BASDAI were 5.0 
(2.0–11.0) mm/h, 0.6 (0.3–1.2) mg/l and 
2.2 ± 0.5, respectively. TNFi tapering was initi-
ated after a LDA duration of median 8.9 (3.3–
16.8) months.

Comparison between patients who did and did 
not experience flare
After the tapering of TNFi, flare occurred in 45 
(44.6%) patients at a median of 29.4 (16.1–
48.0) months. For the 45 patients who experi-
enced flare, the mean value of BASDAI at 
occurrence of flare was 6.9 ± 1.2. A total of 41 
(91.1%) patients improved after increasing the 
TNFi to standard dose, whereas the other 4 
(8.9%) patients did not improve after increasing 
the TNFi to standard dose and were switched to 
another TNFi or secukinumab. Compared with 
patients who did not experience flare, patients 
who experienced flare had a shorter disease 
duration [3.2 (1.7–6.4) years versus 2.0 (1.0–
3.5) years, p = 0.006] and shorter duration of 
LDA [12.7 (6.6–29.2) months versus 4.9 (2.1–
11.2) months, p < 0.001] at baseline, and a lower 
time-averaged DQ [65.6 (55.1–68.7) % versus 
47.9 (38.7–59.0) %, p < 0.001] throughout fol-
low up. In terms of tapering strategy, extension 
of intervals only was the more common tapering 
strategy in patients who did not experience flare 
(96.4% versus 80.0%, p = 0.011), whereas dose 
reduction with extension of intervals was the 
more common tapering strategy in patients who 
experienced flare (0.0% versus 15.6%, p = 0.003) 
(Table 2).
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Factors associated with flare
In the univariable Cox regression analysis, disease 
duration [unadjusted hazard ratio (HR): 0.922, 
95% confidence interval (CI): 0.832–1.022, 
p = 0.123], CRP level (unadjusted HR: 1.244, 
95% CI: 0.946–1.637, p = 0.118), BASDAI 
(unadjusted HR: 1.644, 95% CI: 0.901–2.998, 

p = 0.105), duration of LDA (unadjusted HR: 
0.941, 95% CI: 0.908–0.975, p = 0.001), time-
averaged DQ (unadjusted HR: 0.971, 95% CI: 
0.953–0.988, p = 0.001) and tapering strategy 
using dose reduction with extension of intervals 
(versus tapering strategy using extension of inter-
vals only, unadjusted HR: 2.344, 95% CI: 

Table 1. Baseline characteristics of the patients at the time of initiation of TNFi tapering.

n = 101

Age, years, median (IQR) 35.0 (26.0–48.0)

Age at symptom onset, years, median (IQR) 28.0 (19.5–39.0)

Male sex, n (%) 85 (84.2)

Disease duration, years, median (IQR) 2.7 (1.3–5.5)

BMI, kg/m2, mean ± SDa 23.9 ± 2.9

Current smoking, n (%) 14 (13.9)

HLA-B27 positive, n (%)b 85 (91.4)

Presence of syndesmophyte, n (%) 37 (36.6)

ESR, mm/h, median (IQR) 5.0 (2.0–11.0)

CRP, mg/l, median (IQR) 0.6 (0.3–1.2)

BASDAI, mean ± SD 2.2 ± 0.5

Time from start of TNFi to achievement of LDA, months, median (IQR) 3.0 (2.8–3.7)

Duration of LDA, months, median (IQR) 8.9 (3.3–16.8)

Concomitant NSAIDsc 38 (37.6)

Concomitant csDMARDsc 12 (11.9)

Concomitant NSAIDsd 23 (22.8)

Concomitant csDMARDsd 8 (7.9)

TNFi

 Adalimumab 65 (64.4)

 Etanercept 23 (22.8)

 Golimumab 7 (6.9)

 Infliximab 6 (5.9)

aPatients (n = 3) with missing data excluded.
bPatients (n = 8) with missing data excluded.
cAt baseline.
dAt flare or end of follow-up.
BASDAI, Bath ankylosing spondylitis disease activity index; BMI, body mass index; CRP, C-reactive protein; csDMARDs, 
conventional synthetic disease-modifying anti-rheumatic drugs; ESR, erythrocyte sedimentation rate; HLA, human 
leukocyte antigen; IQR, interquartile range; LDA, low disease activity; NSAIDs, non-steroidal anti-inflammatory drugs; 
TNFi, tumour necrosis factor inhibitor.
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Table 2. Comparison of patients’ baseline characteristics according to the occurrence of flare.

Flare not occurred (n = 56) Flare occurred (n = 45) p value

Age, years, median (IQR) 36.0 (28.3–49.5) 35.0 (24.5–46.0) 0.273

Age at symptom onset, years, median (IQR) 27.5 (20.0–39.5) 28.0 (19.0–39.0) 0.918

Male sex, n (%) 46 (82.1) 39 (86.7) 0.536

Disease duration, years, median (IQR) 3.2 (1.7–6.4) 2.0 (1.0–3.5) 0.006

BMI, kg/m2, mean ± SDa 24.0 ± 2.9 23.8 ± 2.9 0.657

Current smoking, n (%) 6 (10.7) 8 (17.8) 0.307

HLA-B27 positive, n (%)b 45 (86.5) 40 (97.6) 0.074

Presence of syndesmophyte, n (%) 20 (35.7) 17 (37.8) 0.831

ESR, mm/h, median (IQR) 4.0 (2.0–10.8) 6.0 (2.0–11.0) 0.494

CRP, mg/l, median (IQR) 0.5 (0.2–1.1) 0.6 (0.4–1.2) 0.548

BASDAI, mean ± SD 2.2 ± 0.5 2.1 ± 0.5 0.865

Time from start of TNFi to achievement of LDA, 
months, median (IQR)

3.0 (2.8–3.5) 3.0 (2.8–3.7) 0.669

Duration of LDA, months, median (IQR) 12.7 (6.6–29.2) 4.9 (2.1–11.2) <0.001

Concomitant NSAIDsc 21 (37.5) 17 (37.8) 0.977

Concomitant csDMARDsc 7 (12.5) 5 (11.1) 0.830

Concomitant NSAIDsd 12 (21.4) 11 (24.4) 0.719

Concomitant csDMARDsd 4 (7.1) 4 (8.9) >0.999

TNFi 0.135

 Adalimumab 39 (69.6) 26 (57.8) 0.216

 Etanercept 8 (14.3) 15 (33.3) 0.023

 Golimumab 5 (8.9) 2 (4.4) 0.457

 Infliximab 4 (7.1) 2 (4.4) 0.690

Time-averaged DQ, %, median (IQR) 65.6 (55.1–68.7) 47.9 (38.7–59.0) <0.001

Tapering strategy

 Extension of intervals only, n (%) 54 (96.4) 36 (80.0) 0.011

 Dose reduction only, n (%) 2 (3.6) 2 (4.4) >0.999

 Dose reduction with extension of intervals, n (%) 0 (0.0) 7 (15.6) 0.003

aPatients (n = 3) with missing data excluded.
bPatients (n = 8) with missing data excluded.
cAt baseline.
dAt flare or end of follow-up.
BASDAI, Bath ankylosing spondylitis disease activity index; BMI, body mass index; CRP, C-reactive protein; csDMARDs, conventional synthetic 
disease-modifying anti-rheumatic drugs; DQ, dose quotient; ESR, erythrocyte sedimentation rate; HLA, human leukocyte antigen; IQR, interquartile 
range; LDA, low disease activity; NSAIDs, non-steroidal anti-inflammatory drugs; TNFi, tumour necrosis factor inhibitor.
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1.036–5.302, p = 0.041) had a p value of <0.15. 
These variables were incorporated in the multi-
variable analysis: longer duration of LDA 
(adjusted HR: 0.944, 95% CI: 0.906–0.983, 

p = 0.006) and higher time-averaged DQ (adjusted 
HR: 0.978, 95% CI: 0.959–0.998, p = 0.032) 
were significantly associated with a lower risk of 
flares (Table 3).

Table 3. Factors associated with flare after TNFi tapering.

Univariable analysis Multivariable analysisa

 Unadjusted HR p value Adjusted HR p value

Age at tapering, years 0.995 (0.973–1.018) 0.675  

Age at symptom onset, years 1.007 (0.984–1.030) 0.570  

Male (versus female) 0.988 (0.411–2.372) 0.978  

Disease duration, years 0.922 (0.832–1.022) 0.123 0.994 (0.890–1.110) 0.915

BMI, kg/m2 0.986 (0.869–1.119) 0.825  

Current smoking 1.354 (0.625–2.934) 0.442  

HLA-B27 positive 3.325 (0.456–24.248) 0.236  

Presence of syndesmophyte 1.044 (0.570–1.912) 0.890  

ESR, mm/h 1.005 (0.978–1.032) 0.715  

CRP, mg/l 1.244 (0.946–1.637) 0.118 1.276 (0.955–1.706) 0.100

BASDAI 1.644 (0.901–2.998) 0.105 1.361 (0.726–2.553) 0.336

Time from start of TNFi to achievement of LDA, months 1.064 (0.900–1.256) 0.469  

Duration of LDA, months 0.941 (0.908–0.975) 0.001 0.944 (0.906–0.983) 0.006

Concomitant NSAIDsb 0.725 (0.389–1.350) 0.310  

Concomitant csDMARDsb 0.736 (0.287–1.889) 0.524  

Concomitant NSAIDsc 1.641 (0.813–3.314) 0.167  

Concomitant csDMARDsc 1.570 (0.554–4.448) 0.396  

Adalimumab (versus other TNFis) 0.782 (0.430–1.423) 0.421  

Etanercept (versus other TNFis) 1.542 (0.826–2.880) 0.174  

Golimumab (versus other TNFis) 2.310 (0.540–9.882) 0.259  

Infliximab (versus other TNFis) 0.393 (0.091–1.699) 0.211  

Time-averaged DQ, % 0.971 (0.953–0.988) 0.001 0.978 (0.959–0.998) 0.032

Dose reduction (versus extension of intervals) 0.842 (0.184–3.855) 0.825  

Dose reduction with extension of intervals  
(versus extension of intervals)

2.344 (1.036–5.302) 0.041 1.074 (0.418–2.730) 0.882

aCovariates with a p value of <0.15 in the univariable analysis were incorporated in the multivariable analysis.
bAt baseline.
cAt flare or end of follow-up.
BASDAI, Bath ankylosing spondylitis disease activity index; BMI, body mass index; CRP, C-reactive protein; csDMARDs, conventional synthetic 
disease-modifying anti-rheumatic drugs; DQ, dose quotient. ESR, erythrocyte sedimentation rate; HLA, human leukocyte antigen; HR, hazard ratio; 
LDA, low disease activity; NSAIDs, non-steroidal anti-inflammatory drugs; TNFi, tumour necrosis factor inhibitor.
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Cut-off values of duration of LDA and time-
averaged DQ that best predict flare
To determine the cut-off values of duration of 
LDA and time-averaged DQ that best predicted 
the occurrence of flare, ROC analysis was per-
formed (Figure 1). A duration of LDA < 5.3 months 
[area under the curve (AUC): 0.745, 95% CI: 
0.651–0.840] and a time-averaged DQ < 60.6% 
(AUC: 0.761, 95% CI: 0.665–0.856) best pre-
dicted the occurrence of flare.

Propensity score-matched analysis
Because patients were not randomly assigned for 
when (duration of LDA) and how (time-averaged 
DQ) to taper TNFi, we performed propensity 
score-matched analysis to adjust for confounding 
by indication. The propensity score for initiating 
TNFi tapering at an LDA duration <5.3 months 
and the propensity score for tapering TNFi at a 
time-averaged DQ < 60.6% were matched, 
respectively. Comparisons of the baseline charac-
teristics according to the duration of LDA 
(<5.3 months and ⩾5.3 months) and time- 
averaged DQ (<60.6% and ⩾60.6%) in the pro-
pensity score-matched patients are shown in 
Tables 4 and 5, respectively. As opposed to the 
total study population, these propensity score-
matched patients were well matched; no signifi-
cant difference in the baseline characteristics was 
observed. In these propensity score-matched 
patients, duration of LDA < 5.3 months (HR: 
2.596, 95% CI: 1.027–6.567, p = 0.044) and 
time-averaged DQ < 60.6% (HR: 7.563, 95% CI: 
2.177–26.274, p = 0.001) were significantly asso-
ciated with a higher risk of flare.

Discussion
In this study, we found that a shorter duration of 
LDA at the initiation of TNFi tapering and a 
lower time-averaged DQ throughout the disease 
course were associated with a higher risk of flare 
in patients with AS whose TNFi dose was tapered 
after achievement of LDA. In particular, a dura-
tion of LDA shorter than 5.3 months and a time-
averaged DQ less than 60.6% best predicted a 
flare.

The optimal duration of sustained LDA in which 
initiation of TNFi tapering could be considered is 
currently uncertain. Despite the lack of evidence, 
the recommendations from ASAS–EULAR sug-
gested that the duration of sustained inactive dis-
ease should be at least 6 months.3 In our data, we 
showed that a duration of LDA < 5.3 months best 
predicted the occurrence of flares. In addition, 
the risk of flares decreased by 5.5% per 1-month 
increase in the duration of LDA (adjusted HR: 
0.945). These data suggest that TNFi tapering 
could be considered if LDA is maintained for at 
least 5.3 months, with longer durations of sus-
tained LDA being better.

The extent of reduction in TNFi dose was also 
associated with an increased risk of flares (time-
averaged DQ, adjusted HR: 0.977). Similar to 
our present finding, a previous study reported 
that heavy-tapering of TNFi, but not mild- 
tapering of TNFi, decreased the likelihood of 
maintaining an inactive disease, compared with 
the standard dose of TNFi.20 In that study, the 
cut-off value for classifying mild-tapering and 
heavy-tapering groups were arbitrarily chosen 

Figure 1. ROC curve analysis of (A) duration of LDA, and (B) time-averaged DQ in predicting disease flare.
AUC, area under the curve; DQ, dose quotient; LDA, low disease activity; ROC, receiver operating characteristic.
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(mild tapering: DQ < 50 and heavy tapering: 
DQ = 50–99).20 Our findings add to the previous 
report by analysing time-averaged DQ as a con-
tinuous variable, rather than as a categorical vari-
able, and by providing the cut-off value that best 
predict a flare. The cut-off value of time-averaged 
DQ was 60.6%, suggesting that clinicians should 

be cautious when considering tapering the dose of 
TNFi below 60.6% of the standard dose.

One could argue that tapering of TNFi should be 
implemented only in patients with ‘deep’ sus-
tained remission, to minimise the risk of flares. In 
our study population, ESR, CRP and BASDAI, 

Table 4. Comparison of baseline characteristics according to duration of LDA in the total study population and propensity score-
matched patients.

Total study population Propensity score-matched patients

LDA < 5.3 months 
(n = 32)

LDA ⩾ 5.3 months 
(n = 69)

p value LDA < 5.3 months 
(n = 24)

LDA ⩾ 5.3 months 
(n = 24)

p value

Age, years, median (IQR) 36.0 (27.3–45.8) 34.0 (25.5–49.0) 0.930 36.0 (26.3–44.8) 35.5 (24.3–51.8) 0.672

Age at symptom onset, 
years, median (IQR)

29.5 (21.5–39.8) 27.0 (19.0–36.5) 0.337 29.5 (20.3–38.5) 28.5 (20.0–39.0) 0.885

Male sex, n (%) 27 (84.4) 58 (84.1) 0.968 21 (87.5) 20 (83.3) >0.999

Disease duration, years, 
median (IQR)

1.4 (1.0–4.8) 3.2 (1.9–5.7) 0.002 1.9 (1.0–5.7) 2.7 (1.5–3.8) 0.415

BMI, kg/m2, mean ± SDa 24.2 ± 2.6 23.8 ± 3.0 0.504 24.5 ± 2.5 23.5 ± 2.4 0.153

Current smoking, n (%) 3 (9.4) 11 (15.9) 0.539 1 (4.2) 4 (16.7) 0.348

HLA-B27 positive, n (%)a 27 (93.1) 58 (90.6) >0.999 20 (95.2) 20 (90.9) >0.999

Presence of 
syndesmophyte, n (%)

7 (21.9) 30 (43.5) 0.036 7 (29.2) 8 (33.3) >0.999

ESR, mm/h, median (IQR) 5.0 (2.0–10.5) 5.0 (2.0–11.0) 0.710 4.5 (2.0–10.5) 4.0 (2.0–8.5) 0.791

CRP, mg/l, median (IQR) 0.5 (0.3–0.9) 0.6 (0.3–1.4) 0.259 0.5 (0.3–0.9) 0.4 (0.2–0.8) 0.225

BASDAI, mean ± SD 2.2 ± 0.5 2.1 ± 0.5 0.229 2.3 ± 0.5 2.3 ± 0.4 0.898

Time from start of TNFi 
to achievement of LDA, 
months, median (IQR)

3.0 (2.8–3.7) 3.0 (2.8–3.5) 0.534 2.9 (2.8–3.7) 2.8 (2.8–3.2) 0.672

Concomitant NSAIDs 13 (40.6) 25 (36.2) 0.672 9 (37.5) 11 (45.8) 0.558

Concomitant csDMARDs 4 (12.5) 8 (11.6) >0.999 3 (12.5) 2 (8.3) >0.999

TNFi

 Adalimumab 18 (56.3) 47 (68.1) 0.247 13 (54.2) 14 (58.3) 0.771

 Etanercept 11 (34.4) 12 (17.4) 0.058 8 (33.3) 8 (33.3) >0.999

 Golimumab 1 (3.1) 6 (8.7) 0.427 1 (4.2) 2 (8.3) >0.999

 Infliximab 2 (6.3) 4 (5.8) >0.999 2 (8.3) 0 (0.0) 0.489

aPatients with missing data excluded.
BASDAI, Bath ankylosing spondylitis disease activity index; BMI, body mass index; CRP, C-reactive protein; csDMARDs, conventional synthetic 
disease-modifying anti-rheumatic drugs; ESR, erythrocyte sedimentation rate; HLA, human leukocyte antigen; IQR, interquartile range; LDA, low 
disease activity; NSAIDs, non-steroidal anti-inflammatory drugs; TNFi, tumour necrosis factor inhibitor.
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which are the indicators of disease activity, were 
5.0 (2.0–11.0) mm/h, 0.6 (0.3–1.2) mg/l and 
2.2 ± 0.5, respectively, at the initiation of TNFi 
tapering. Within these ranges, ESR, CRP and 

BASDAI were not associated with flare after 
TNFi tapering. Considering the normal range of 
ESR (0–15 mm/h for male and 0–20 mm/h for 
female) and CRP (0.0–6.0 mg/l), and the cut-off 

Table 5. Comparison of baseline characteristics according to time-averaged DQ in the total study population and propensity score-
matched patients.

Total study population Propensity score-matched patients

 Time-averaged 
DQ < 60.6% 
(n = 56)

Time-averaged 
DQ ⩾60.6% 
(n = 45)

p value Time-averaged 
DQ < 60.6% 
(n = 23)

Time-averaged 
DQ ⩾ 60.6% 
(n = 23)

p value

Age, years, median (IQR) 36.0 (24.3–48.0) 35.0 (27.5–46.5) 0.838 37.0 (27.5–43.0) 35.0 (29.8–41.8) 0.613

Age at symptom onset, years, 
median (IQR)

28.0 (19.0–41.0) 27.0 (20.5–34.5) 0.679 27.0 (19.0–37.0) 26.5 (22.5–34.0) 0.750

Male sex, n (%) 46 (82.1) 39 (86.7) 0.536 19 (82.6) 20 (87.0) >0.999

Disease duration, years, 
median (IQR)

2.1 (1.1–5.0) 3.1 (1.5–6.4) 0.143 3.2 (1.3–5.8) 2.6 (1.3–4.3) 0.860

BMI, kg/m2, mean ± SDa 23.8 ± 2.8 24.0 ± 3.0 0.728 23.7 ± 3.2 24.2 ± 2.6 0.616

Current smoking, n (%) 11 (19.6) 3 (6.7) 0.061 3 (13.0) 2 (8.7) >0.999

HLA-B27 positive, n (%)a 49 (98.0) 36 (83.7) 0.023 22 (95.7) 21 (91.3) >0.999

Presence of syndesmophyte, 
n (%)

19 (33.9) 18 (40.0) 0.529 7 (30.4) 11 (47.8) 0.227

ESR, mm/h, median (IQR) 6.0 (2.0–12.8) 4.0 (2.0–9.0) 0.203 6.0 (2.0–15.0) 5.0 (2.0–10.3) 0.518

CRP, mg/l, median (IQR) 0.6 (0.3–1.2) 0.6 (0.3–1.2) 0.745 0.6 (0.3–1.2) 0.6 (0.2–1.0) 0.749

BASDAI, mean ± SD 2.2 ± 0.5 2.1 ± 0.5 0.865 2.2 ± 0.5 2.1 ± 0.5 0.519

Time from start of TNFi to 
achievement of LDA, months, 
median (IQR)

2.9 (2.8–3.5) 3.0 (2.8–3.7) 0.671 3.0 (2.8–3.7) 3.4 (2.8–4.0) 0.235

Duration of LDA, months, 
median (IQR)

8.3 (3.1–14.0) 11.5 (4.1–23.1) 0.194 7.9 (4.6–12.1) 11.2 (3.0–17.8) 0.709

Concomitant NSAIDs 26 (46.4) 12 (26.7) 0.042 5 (21.7) 7 (30.4) 0.502

Concomitant csDMARDs 8 (14.3) 4 (8.9) 0.405 2 (8.7) 2 (8.7) >0.999

TNFi

 Adalimumab 33 (58.9) 32 (71.1) 0.204 20 (87.0) 18 (78.3) 0.699

 Etanercept 20 (35.7) 3 (6.7) 0.001 1 (4.3) 2 (8.7) >0.999

 Golimumab 2 (3.6) 5 (11.1) 0.237 2 (8.7) 3 (13.0) >0.999

 Infliximab 1 (1.8) 5 (11.1) 0.086 0 (0.0) 0 (0.0) N/A

aPatients with missing data excluded.
BASDAI, Bath ankylosing spondylitis disease activity index; BMI, body mass index; CRP, C-reactive protein; csDMARDs, conventional synthetic 
disease-modifying anti-rheumatic drugs; DQ, dose quotient; ESR, erythrocyte sedimentation rate; HLA, human leukocyte antigen; IQR, interquartile 
range; LDA, low disease activity; NSAIDs, non-steroidal anti-inflammatory drugs; TNFi, tumour necrosis factor inhibitor.
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value of BASDAI for LDA (BASDAI < 4), the 
levels of disease activity indices in our patients 
were relatively low. Although there are no univer-
sally accepted definitions for deep remission and 
less stringent remissions in patients with AS, the 
proportion of patients with less stringent remis-
sion might have been very low in our study. This 
may have led to an underestimation of the asso-
ciation between these disease activity indices and 
the risk of flares. Therefore, it is unclear by our 
data whether the risk of flares is lower in patients 
with deep remission than in those with less strin-
gent remission.

Other important clinical questions include 
whether a particular TNFi is harder or easier to 
taper than other TNFis, and whether tapering 
strategy (dose reduction versus extension of inter-
vals) affect the risk of flare. In our data, we found 
that no particular TNFi was associated with risk 
of flare (Table 3), and presume that no particular 
TNFi is harder or easier to taper than other 
TNFis. However, for a more accurate compari-
son of feasibility among tapering of different 
TNFis, head-to-head comparison trials are 
needed. In regard to tapering strategy, no particu-
lar strategy was associated with risk of flare 
(Table  3), which suggests that, regardless of 
tapering strategy (whether it is through dose 
reduction and/or extension of intervals), duration 
of LDA and time-averaged DQ are the factors 
associated with risk of flare.

Previous studies have reported predictors of flares 
after tapering TNFi, with conflicting results.15,18 
Plasencia et al. reported that male sex was protec-
tive of having a flare,15 while Zhao et al. suggested 
older age and younger onset age as factors associ-
ated with an increased risk of relapse,18 both of 
which are different from our results. This discrep-
ancy is likely due to the difference in inclusion cri-
teria among the studies. We included only the 
patients with AS who were receiving their first 
TNFi, whereas Plasencia et al. included patients 
with non-radiographic spondyloarthritis (SpA), 
SpA associated with inflammatory bowel disease, 
psoriatic SpA and patients who had history of 
prior biologic use.15 In the study by Zhao et al., 
patients instantly discontinued their TNFi shortly 
after achievement of remission, rather than gradu-
ally tapering it after sustained LDA or remission.18 
An important clinical implication of our data is 
that information regarding when and how to taper 
TNFi in patients with inactive AS has been pro-
vided, which had not been previously addressed.

This study has several limitations. First, owing 
to the retrospective design of the study, the pos-
sibility of confounding by unmeasured variables 
exists. In particular, patient preference, which 
can affect the treating physicians’ decision on 
tapering TNFi, is an important variable that 
cannot be measured retrospectively. However, 
as the BASDAI is an index determined entirely 
by patient-reported outcomes, this index might 
reflect patient preference in tapering TNFi. 
Considering that baseline BASDAI was well 
matched in the propensity score-matched 
patients, we presume that our results are not 
likely the consequence of confounding by patient 
preference. Second, we lacked data about patient 
global assessment of disease activity, which is one 
of the component of AS disease activity score 
(ASDAS) formula, in a number of patients, and 
were unable to use ASDAS as an indicator of dis-
ease activity. Third, for homogeneity of the study 
population, we included only the patients with 
AS fulfilling the radiological criterion of the 1984 
modified New York criteria,19 and those who 
were on their first TNFi. Therefore, our results 
may not be applied to patients with SpA in gen-
eral, and to those who have previously failed the 
first TNFi. Fourth, although we found that a 
shorter duration of LDA and a lower time-aver-
aged DQ were associated with a higher risk of 
flares, it was difficult to define the single best 
strategy for tapering TNFi because the TNFi 
tapering strategy varied widely among patients.

In conclusion, we demonstrated that a shorter 
duration of LDA, with a cut-off value of 5.3 months 
at the initiation of TNFi tapering, and a lower time-
averaged DQ, with a cut-off value of 60.6%, were 
associated with a higher risk of flare occurrence. 
Our data provide clinicians an insight on predictors 
of flares after tapering TNFi in AS patients with 
LDA. When considering TNFi tapering after 
achievement of LDA with the use of standard dose 
TNFi, these predictors could be taken into account 
to tailor when and how to taper TNFi.
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