
Vol.:(0123456789)1 3

Rheumatology International (2022) 42:1925–1937 
https://doi.org/10.1007/s00296-021-05024-w

OBSERVATIONAL RESEARCH

Tumor necrosis factor inhibitor (TNFi) persistence and reasons 
for discontinuation in a predominantly male cohort with axial 
spondyloarthritis

Delamo I. Bekele1  · Elizabeth Cheng2 · Andreas Reimold3 · Christian Geier4  · Kavya Ganuthula2 · 
Jessica A. Walsh5  · Daniel O. Clegg5  · Maureen Dubreuil6  · Prashant Kaushik7 · Bernard Ng8  · 
Elizabeth Chang9 · Ryan Duong2  · Jina Park10 · Gail S. Kerr11 

Received: 16 August 2021 / Accepted: 4 October 2021 / Published online: 1 November 2021 
This is a U.S. government work and not under copyright protection in the U.S.; foreign copyright protection may apply 2021

Abstract
Although tumor necrosis factor inhibitors (TNFi) have favorably altered the treatment landscape for patients with axial 
spondyloarthritis (axSpA), there is limited data regarding TNFi persistence and reasons for discontinuation. This is an 
observational time-to-event study utilizing data collected for a prospective multiple-disease registry of US Veterans with 
axSpA treated with TNFi therapies and recruited over a 10 year period. Clinical, serological, and comorbid parameters were 
collected. Corporate Data Warehouse Pharmacy files provided courses of the 5 TNFi agents, and response to treatment was 
documented. Individual TNFi persistence was established utilizing univariate and multivariate Cox proportional models, and 
reasons for discontinuation were obtained by physician chart review. Two-hundred and fifty-five axSpA patients received 731 
TNFi courses. A majority of patients (84.3%) had TNFi persistence at 12 months; 63.5% and 47.1% at 24 and 36 months, 
respectively. Compared to adalimumab, infliximab demonstrated greater persistence, certolizumab the least. Age, smoking 
status, BMI, comorbidity burden, inflammatory markers and HLA-B27 did not predict TNFi persistence or discontinuation. 
Stroke and peripheral arterial disease increased the probability of TNFi discontinuation. Secondary non-response (SNR) 
was the most common reason for discontinuation (46% of all courses); non-adherence (6%) and clinical remission (2%) were 
uncommon. Pain score at enrollment, myocardial infarction, African American race and inflammatory bowel disease (IBD) 
predicted TNFi response. While initial persistence of TNFi treatment was high, a large proportion of the patients discontinued 
initial TNFi therapy by 3 years, primarily due to loss of efficacy. While further research identifying potential predictors of 
TNFi discontinuation in axSpA is warranted, access to alternate disease-modifying therapies is needed.
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Introduction

Axial spondyloarthritis (axSpA) is characterized by 
inflammation of the sacroiliac joints and spine, potentially 
leading to bony erosion and syndesmophyte formation. 
For several decades, therapeutic modalities were limited 

to non-steroidal anti-inflammatory drugs (NSAIDs) and 
physical therapy, without significant protection from 
cumulative disease burden and poor outcomes, particu-
larly bony erosion and fusion, chronic pain, and disability 
[1, 2]. The advent of biologic therapies, [tumor necrosis 
factor inhibitors (TNFi) and IL-17 inhibitors (IL-17i)] 
has revolutionized the management of axSpA, including 
its prototype, ankylosing spondylitis (AS). Randomized 
controlled trials of TNFi in AS patients report primary 
responses in 50–60% of recipients, and only slightly lower 
responses in those receiving a second TNFi following sec-
ondary failure [3–7]. Predictors of response to TNFi as 
measured by patient reported outcomes have been com-
piled from six studies and included HLA-B27 positivity, 
absence of enthesitis, age ≤ 40 years, elevated C reactive 
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protein (CRP), low baseline Bath Ankylosing Spondylitis 
Functional Index (BASFI), and disease duration ≤ 2 years 
[8, 9]. While a number of studies report such response 
data, less is known about how long patients remain on 
these therapies in the real world.

This concept of medication persistence is crucial 
because multiple studies confirm that bony progression in 
axSpA responds slowly to therapy. Results from several 
cohort studies report retardation in bony progression only 
when TNFi users remain on therapy for 2–4 years [10–15]. 
This underscores the importance of long-term medication 
adherence and emphasizes the need to delineate the fac-
tors responsible for biologic medication discontinuation. 
TNFi failures in AS patients result in a substantial number 
(22.5%) of patients switching to another drug within a year 
of initiation, as was reported in the Norwegian Disease-
Modifying Antirheumatic Drug (NOR-DMARD) registry 
[16]. This report, like several other studies, has explored 
the reasons for TNFi discontinuation [17], but only allows 
for three explanations: primary failure (drug inefficacy), 
secondary failure (loss of previous efficacy), and adverse 
events. Whether other factors contribute to TNFi discon-
tinuation, remains to be evaluated.

More specifically, the impact of comorbid conditions on 
medication persistence in axSpA remains poorly defined. 
This is an important consideration, as osteoporosis, fragil-
ity fractures, and cardiovascular mortality are more com-
mon in axSpA than in the general population [18]. While 
comorbidity indices (RDCI) and specific comorbidities 
(hypertension and depression) are associated with higher 
disease activity, decreased quality of life, and greater func-
tional impairment [19, 20], these investigations have not 
assessed individual morbidities with medication persis-
tence, nor expanded the reasons for TNFi discontinuation 
in axSpA patients.

In light of these gaps in the literature, we assessed: (1) 
overall rate of TNFi persistence, (2) relative rates of persis-
tence between specific TNFi, (3) the associations of persis-
tence with comorbid conditions, (4) the reasons for TNFi 
discontinuation and (5), the association of clinical charac-
teristics with response to TNFi in a richly characterized lon-
gitudinal cohort of US axSpA patients.

Patients and methods

A cohort analysis was performed using longitudinal data 
from the Department of Veterans Affairs (VA) Program to 
Understand the Longterm Outcomes in SpondyloARthri-
tis registry (PULSAR). Patients who met Assessment of 
SpondyloArthritis International Society (ASAS) criteria for 
axSpA and who were evaluated and treated with TNFi from 
September 2007 to October 2017, qualified for study [21].

PULSAR is a longitudinal, observational cohort that has 
enrolled patients from 11 VA sites (Dallas, TX; Denver, CO; 
Salt Lake City, UT; Albany NY, Sacramento, CA; Boston, 
MA; Washington, DC, Phoenix, AZ; Seattle, WA; Houston, 
TX, and Jackson, MS) since 2005. Study subjects receive 
routine standard of care and follow up visits at the discretion 
of the treating VA rheumatologist. Patients with ankylosing 
spondylitis, psoriatic arthritis, inflammatory bowel disease 
associated arthritis and reactive arthritis who met ASAS cri-
teria for axSpA were included; while patients with undiffer-
entiated spondyloarthritis and peripheral spondyloarthritis 
were excluded.

Standardized electronic medical record templates 
obtained at time of visits include the following baseline 
variables: sociodemographic data [age, sex, self-reported 
race/ethnicity, education (years)], Body Mass Index (BMI) 
score, smoking status (never, former, current), axSpA dis-
ease duration, and HLA-B27 status, erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP), and numerical 
rating scales (NRS; 0–10) for pain [22].

The Bath Ankylosing Spondylitis Disease Activity 
Index (BASDAI) [23, 24] and Bath Ankylosing Spondy-
litis Functional Index (BASFI) [24] questionnaires are 
most often used as efficacy outcomes in randomized clini-
cal trials, but are infrequently used in US and European 
clinical practices, as low as 29% in one cohort [25, 26]. 
In contrast, the numerical rating scale (NRS) pain score 
is a component of the Assessment of SpondyloArthritis 
international Society (ASAS) core set for clinical record 
keeping, is reported to be used in > 60% of reviewed AS 
clinical trials as a parameter of clinical response [27, 28]. 
While BASDAI and BASFI questionnaires were collected 
at enrollment in our cohort, follow up BASDAI and BASFI 
indices were only collected at the discretion of the treat-
ing clinician during follow-up visits. To address this, we 
utilized NRS pain score as a measure of response to ther-
apy. Comorbid conditions were collected on enrollment 
and were based on published international classification 
of disease, 9th and 10th edition (ICD-9, ICD-10)-based 
algorithms (Quan-modified Charlson comorbidities, when 
available [29], and when not available, Healthcare Cost 
and Utilization Project [HCUP] coding [https:// www. ahrq. 
gov/ data/ hcup/ index. html]). The presence of these condi-
tions relied upon coding by health care providers assigned 
in the 2 year interval prior to PULSAR enrollment and 
was reported as individual comorbidities, rather than an 
aggregated score.

The indication for TNFi was determined by the treating 
rheumatologist and based on the following: continued pain, 
lack of response to or contraindication to NSAIDs.

Five TNFi were evaluated: etanercept, adalimumab, goli-
mumab, certolizumab pegol and infliximab. All 5 anti-TNFs 
were available to the VHA from their time of FDA approval 

https://www.ahrq.gov/data/hcup/index.html
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for AS. Corporate Data Warehouse (CDW) Pharmacy files 
were used to calculate start and stop dates for courses of 
TNFi (at least 90 days), as well as the course order when 
multiple TNFi were administered to individual patients (i.e. 
1st line, 2nd line, 3rd line). We defined discontinuation of 
TNFi therapy as a greater than 90 days gap in treatment. 
TNFi response was defined as an improvement of NRS pain 
of > 2 units (on the 0–10 scale) or > 50% at most recent visit 
compared with NRS pain at the time of TNFi initiation. Pain 
scores were determined from the Patient Treatment File in 
the VA CDW. We defined TNF persistence as no gaps in 
TNFi therapy for ≥ 90 days.

The reasons for discontinuation of each course of TNFi 
were extracted from the medical record by direct chart 
review (all determined by the treating clinician) and clas-
sified as: (1) primary lack of TNFi response, (2) secondary 
loss of TNFi response (characterized as a loss of efficacy 
occurring ≥ 6 months after initiation of the current TNFi 
course), (3) adverse events (AE) by provider report (deemed 
sufficient to lead to discontinuation), (4) patient concern for 
or worry about risk of adverse drug reaction (but no actual 
adverse drug reaction), (5) financial or access barriers, (6) 
unnecessary due to minimal disease as assessed by provider, 
and (7) non-adherence (patient reported non-compliance or 
failure to refill medication).

The protocol was approved by the local Institutional 
Review Board (protocol #01,138) at each participating site, 
and by the independent Scientific Ethics and Advisory Com-
mittee for PULSAR (IRB/R&D Approval date 8/28/2008). 
Procedures followed were in accordance with the ethical 
standards of the responsible committee on human experi-
mentation as laid down in the 1964 Declaration of Helsinki 
and its later amendments or comparable ethical standards.

Statistical analysis

Descriptive summary statistics were reported for the study 
cohort, including demographics, comorbidities, and reasons 
for TNFi treatment discontinuation. Baseline demograph-
ics, clinical characteristics and comorbidities were compared 
for those that continued and those that discontinued TNFi 
at 12 months, using chi-squared and t tests, as appropriate. 
The association of clinical characteristics with TNFi persis-
tence was analyzed using multivariable Cox proportional 
hazards regression. Individual specific TNFi persistence was 
compared by Kaplan–Meier plots (adjusted for TNFi course 
order), as well as by Cox regression, after controlling for all 
potential confounders identified in the preceding analyses. 
Lastly, logistic regression determined characteristics asso-
ciated with TNFi response. Censoring was completed on 
November 1st, 2017. A course order variable was created: 
a new course was generated every time a subject had a gap 
of 90 days or switch in TNF inhibitor. Two date variables 

were also generated, one associated with start of course and 
one associated with the end of course. Using these vari-
ables, the “course variable” was also arranged into course 
order by accounting for which TNFi came first by looking 
at the course start/end dates associated with each subject. 
The earliest course was assigned as 1, second course was 
assigned 2, and so forth until all courses had an assigned 
number. When analyses were performed, any variables with 
collinearity were removed, and not included in the final mul-
tivariate analysis. A p value of less than 0.05 was considered 
statistically significant. Statistical analysis was performed 
using STATA, version 15 (StataCorp) [30].

Results

Baseline demographics and clinical characteristics

There were 255 axSpA patients (Table 1) for analysis. The 
majority were male (93%), Caucasian (74%), and 74% were 
HLA-B27 positive. Average axSpA disease duration was 
16.5 years and the mean length of follow-up was 3.34 years 
(1221.17 days). There were 731 TNFi courses available for 
analysis. Of the 731 TNFi courses, 306 (41.86%) were adali-
mumab, 254 (34.75%) were etanercept, 81 (11.08%) were 
infliximab, 55 (7.52%) were golimumab, and 35 (4.79%) 
were certolizumab. At 12 months, 215 (84.3%) remained 
on TNFi.

Clinical characteristics associated with TNFi discon-
tinuation at 12 months included higher baseline BASDAI 
(mean 5.07 vs 3.40, p < 0.001), and BASFI scores (mean 
4.91 vs 3.83, p < 0.001), never smoker status (44.74 vs 
26.60%, p = 0.024), higher number of education years 
(15.06 vs 14.07, p = 0.048) and presence of gastrointestinal 
ulcers (5.3 vs 0%, p < 0.001). No differences were noted 
in gender or comorbidities (including BMI) between those 
who continued versus discontinued TNFi at 12 months.

Predictors of TNFi discontinuation (Table 2)

Compared to those not reporting a race or reporting race as 
“Other”, Caucasians, African Americans and Hispanics all 
were less likely to discontinue TNFi. Former smokers (HR 
0.75, 95% CI 0.61–0.91), and those with longer axSpA 
disease duration (HR 0.98, 95% CI 0.97–0.99) were less 
likely to discontinue TNFi. More specifically, each decade 
of axSpA disease duration equated to a 10% decline in risk 
of TNFi discontinuation. While there was a trend for older 



1928 Rheumatology International (2022) 42:1925–1937

1 3

Table 1  Baseline Demographic and Clinical Characteristics of Patients with axial spondyloarthritis (axSpA) who continued versus discontinued 
Tumor Necrosis Factor Inhibitors (TNFi) at 12 months in the PULSAR Registry

All demographic and clinical characteristics will be measured at the time of TNFi treatment initiation (baseline), unless otherwise specified
Bolded p values are statistically significant
BASDAI Bath ankylosing spondylitis disease activity index, BASFI Bath ankylosing spondylitis functional index, CRP C-reactive protein, ESR 
Erythrocyte sedimentation rate, TNFi Tumor necrosis factor inhibitor
1 p values calculated using appropriate statistical tests (e.g., chi-square, t tests) and compares subjects who continued at least one TNFi beyond 
12 months versus subjects who discontinued all TNFi courses by 12 months)

Overall
(N = 255)

axSpA patients who continued TNFi 
at 12 months
(n = 215; 84.3%)

axSpA patients who discontinued 
TNFi by 12 months
(n = 40; 15.6%)

p  value1

Age in years, mean (SD) 53.01 53.09 52.60 0.837
Sex (Male), n (%) 93.28 93.43 92.50 0.830
Race, n (%)
 White 74.12 76.74 60.00 0.026
 African-American 11.37 10.23 17.50 0.184
 Hispanic 9.02 7.91 15.00 0.150
 Asian-American 0.78 0.47 2.50 0.180
 Other 1.18 0.93 2.50 0.398

Smoking status, n (%)
 Never smoked 29.46 26.60 44.74 0.024
 Former smoker 40.25 42.86 26.95 0.056
 Current smoker 30.29 30.54 28.32 0.844

Education in years, mean 14.23 14.07 15.06 0.048
AxSpA duration in years, mean 16.51 16.88 15.00 0.538
HLA-B27 positive, n (%) 74.12 72.90 80.00 0.357
CRP (mg/L), mean 10.10 10.15 8.09 0.329
ESR (mL/hr), mean 18.26 18.37 17.74 0.855
BMI Score (kg/m2), mean 29.37 29.32 29.76 0.725
Disease activity at baseline
 BASDAI score, mean 3.65 3.40 5.07  < 0.001
 Active disease (BASDAI ≥ 4), n (%) 50 46 68  < 0.001
 BASFI score, mean 4.00 3.83 4.91 0.002
 Pain score, mean 4.52 4.48 4.86 0.470

Comorbidities
 Cardiovascular, n (%)

  Angina 19.8% 19.5% 10.5% 0.184
  Atherosclerosis 3.7% 3.3% 0.0% 0.259
  Cerebrovascular disease/stroke 7.1% 6.5% 5.3% 0.771
  Coronary artery disease 14.2% 14.0% 10.5% 0.568
  Hypertension 56.8% 57.7% 42.1% 0.075
  Myocardial infarction 1.9% 1.9% 2.6% 0.753
  Peripheral vascular disease 2.2% 1.9% 2.6% 0.753
  Venous thromboembolism 4.3% 3.7% 0.0% 0.227

 Dyslipidemia, n (%) 48.5% 49.8% 39.5% 0.242
 Depression, n (%) 34.6% 38.1% 34.2% 0.645
 Uveitis, n (%) 30.6% 31.2% 31.6% 0.959
 Sleep apnea, n (%) 24.1% 25.1% 13.2% 0.108
 Inflammatory bowel disease, n (%) 10.5% 12.1% 5.3% 0.216
 Diabetes, n (%) 35.5% 35.3% 36.8% 0.859
 Cancer, n (%) 18.8% 20.5% 10.5% 0.150
 Osteoporosis, n (%) 28.7% 32.6% 18.4% 0.081
 Asthma, n (%) 5.2% 4.2% 7.9% 0.321
 Gastrointestinal ulcers, n (%) 0.6% 0.0% 5.3% 0.001
 Multiple sclerosis, n (%) 4.0% 3.7% 2.6% 0.738
 Parkinson disease, n (%) 0.6% 0.0% 0.0% N/A
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patients to have an increased risk of TNFi discontinuation, 
this was not statistically significant (HR 1.14, 95% CI 
0.98–1.34). Biomarkers (HLA B27 positivity, mean CRP 
and ESR) had no discernible impact.

Multiple sclerosis (HR 2.39, 95% CI 1.92–2.96), cerebro-
vascular disease (HR 2.3, 95% CI 1.49–3.63) were strongly 
predictive of TNFi discontinuation as were peripheral vascu-
lar disease (HR 1.93, 95% CI 1.17–3.20) and gastrointestinal 

Table 2  Cox proportional 
hazards model for predictors of 
TNFi discontinuation

HR > 1.0 reflects the hazard of discontinuation. Variables were recorded at the time of registry enrollment
a Adjusted models were constructed with all variables from the univariate Cox proportional hazard regres-
sion, then simplified to only include those variables with HR confidence intervals excluding 1.0
b Reports hazard of discontinuation for first course of TNFi versus second course, and second versus third 
course, etc.
c Insufficient numbers to report hazard

Univariate HR (95% CI) Adjusteda HR (95% CI)

Age 0.94 (0.88–1.01) –
Male sex 0.96 (0.61–1.51) –
 Caucasian 0.83 (0.65–1.07) 0.42 (0.34–0.51)
 African American 0.99 (0.68–1.44) 0.40 (0.27–0.57)
 Hispanic 1.37 (0.18–0.70) –
 Asian 2.29 (0.25–1.16) –
 Other (referent) 1.00 –

Education (Years) 1.01 (0.93–1.02) –
Duration of axSpA (years) 0.99 (0.97–0.99) 0.99 (0.98–0.99)
HLAB27 positivity 1.14 (0.73–1.86) –
Mean CRP (mg/dL) 1.00 (0.98–1.01) –
Mean ESR (mm/hr) 1.00 (0.99–1.01) –
Course of  TNFib 1.15 (1.08–1.21) 1.15 (1.10–1.21)
BMI Score (kg/m2) 1.01 (0.99–1.02) –
Smoking status –
 Former smoker 0.81 (0.63–1.05) –
 Current smoker 0.99 (0.76–1.28) –
 Never smoker (referent) 1.00 –

Comorbidities
 Atherosclerosis 1.12 (0.26–1.86) –
 Angina 0.94 (0.53–1.67) –
 Cerebrovascular/stroke 1.78 (1.29–2.45) 2.32 (1.49–3.63)
 Coronary artery disease 1.21 (0.92–1.57) –
 Hypertension 0.86 (0.71–1.05) –
 Myocardial infarction 1.20 (0.63–2.23) 0.38 (0.26–0.56)
 Peripheral vascular disease 1.33 (0.94–1.89) 1.93 (1.17–3.20)
 Venous thromboembolism 0.85 (0.46–1.59) –
 Dyslipidemia 1.04 (0.85–1.28) –
 Depression 1.30 (1.07–1.59) –
 Uveitis 0.99 (0.80–1.22) –
 Sleep Apnea 1.05 (0.85–1.30) –
 Inflammatory bowel disease 0.69 (0.49–0.98) –
 Diabetes 0.90 (0.72–1.12) –
 Cancer 1.05 (0.83–1.32) –
 Osteoporosis 0.86 (0.69–1.07) –
 Asthma 0.90 (0.58–1.69) –
 Multiple sclerosis 3.72 (1.75–7.91) 2.39 (1.92–2.96)
 Gastrointestinal ulcer 1.39 (0.91–2.12) 1.57 (1.14–2.17)
 Parkinson  diseasec 1.00 –
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ulcers (HR 1.57, 95% CI 1.14–2.17). Subsequent TNFi 
courses also predicted TNFi discontinuation (HR 1.15, 95% 
CI 1.1–1.21), so that for each additional course of TNFi, the 
likelihood of terminating the TNFi increased by 15% com-
pared to the initial course. In contrast, patients with myo-
cardial infarction were less likely to discontinue TNFi (HR 
0.38, 95% CI 0.26–0.56). Adjusted models were constructed 
with all variables from the univariate Cox proportional haz-
ard regression, then simplified to only include those vari-
ables with HR confidence intervals excluding 1.0. .

TNFi discontinuation rates and comparisons 
amongst individual TNFi (Fig. 1)

Persistence for all TNFi, accounting for drug course and 
sequence, was 84.3%, 63.5% and 47.1% at 1, 2 and 3 years, 
respectively. Three-year persistence was highest for inf-
liximab, followed by etanercept. Less than 40% of patients 
remained on the other 3 TNFi at 3 years. Compared to the 
referent (adalimumab), certolizumab was the most likely 
to be discontinued. There was inconsistency between the 
Kaplan–Meier curve and the Cox proportional hazards 
model for certolizumab which was confirmed on repeat 
analyses. After adjustment for drug course and sequence, 
there was no difference for persistence of etanercept or goli-
mumab versus adalimumab, though these TNFi were used 
less frequently thereby limiting this analysis.

Reasons for TNFi discontinuation (Fig. 2)

Secondary non-response/SNR (46%) was the most common 
reason for discontinuation. Adverse events and primary non-
response together accounted for approximately a third of 
TNFi discontinuation (22%, 14%, respectively). Adverse 
events (AE) were defined as any patient reported side effect 
or complication of TNF therapy(s) that the provider felt 
necessitated discontinuation. These included recurrent infec-
tions, rashes, injection site reactions, headaches, paresthe-
sia, nausea, vomiting, allergic reaction and abnormal blood 
counts. Patient risk aversion, non-adherence, and access 
barriers to medication were relatively infrequent (< 15% 
combined). Only 2% of patients discontinued TNFi due to 
sustained clinical remission, as determined by their treating 
physician.

Predictors of TNFi response (Table 3)

African American race, greater baseline pain score, 
presence of inflammatory bowel disease and osteoporosis 
were significant predictors of TNFi NRS response. As with 
TNFi discontinuation, biomarkers (HLA-B27 status, ESR, 
CRP) were not predictive of TNFi response. Predictors 

Fig. 1  Kaplan–Meier survival 
curve of time to TNFi discon-
tinuation at 3 years, adjusted for 
TNFi course order
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of TNFi non-response were high BASFI scores and 
dyslipidemia. BMI was unassociated with TNFi response. 
There were no differences between individual TNFi NRS 
responses.

Discussion

In this observational axSpA cohort study of US patients 
treated with TNFi, approximately two-thirds of patients 
had TNFi persistence after 2 years of therapy, with highest 
frequencies in infliximab and etanercept users. Secondary 
non-response, cardiovascular, gastrointestinal and multiple 
sclerosis comorbid disease were the most frequent reasons 
for discontinuation. In contrast, axSpA patients with myo-
cardial infarction, prior smoking history, and infliximab use 
had greatest TNFi persistence. Our report highlights the 
individual comorbid conditions associated with TNFi dis-
continuation/persistence in a real-world cohort of axSpA 
patients.

Individuals switching between TNFi would be, by defini-
tion, discontinuing the first TNFi. Whereas there is substan-
tially sparse literature regarding TNFi discontinuation, there 
are several studies reporting TNFi switching. A review of 
21 studies of axSpA patients who underwent TNFi switch-
ing due to inefficacy or adverse events, found the second or 
even third TNFi had clinical benefit [17]. Drug persistence 
at 2 years was 58–75% for the first TNFi, 47–72% for the 
second TNFi, and 49% for the third TNFi, A large Swedish 

registry study showed a steady decline with each subsequent 
switch in TNFi drug, but 62% of patients were on a TNFi 
at 5 years, with 46% on first TNFi, 13% on second TNFi, 
and 3% on third TNFi [31]. Although these reports were 
not defined by prescription renewal, our study findings were 
similar: approximately 75% at 2 years for infliximab, but 
also lower with other TNFi, such as golimumab (< 40%). In 
contrast, other studies have found contrasting results: a study 
in Finland identified 543 patients with AS treated with TNFi, 
Etanercept was found to be associated with greater persis-
tence in comparison to infliximab [32]. Potential reasons 
for infliximab discontinuation are theoretically increased 
immunogenicity due to mouse sequence in the hypervari-
able region and the requirement for infusion visits, rather 
than self-administration. However, the patients in our study 
represent an older demographic that may be reluctant to take 
injectable formulations and not only benefit from regular 
infusion appointments for infliximab, but also may provide 
an opportunity for periodic disease reminders and closer 
follow-up. Our cohort receives care within a healthcare sys-
tem that has access to all FDA-approved therapies including 
infusion services, with drug choices driven by physician and 
patient preferences, rather than adherence to any specific 
protocol.

Multiple studies have reported predictors of TNFi switch-
ing and by extension, discontinuation. Patient characteristics 
of those who switched included female sex, older age, more 
severe disease, higher ESR, complete SI joint ankylosis, 
and enthesitis [33]. Approximately 24% of patients in a US 
cohort of AS patients discontinued or switched their index 
TNFi over a mean of approximately 18 months. The most 
common reasons included lack of efficacy and side effects 
[34]. Elevated BASDAI and BASFI at baseline were predic-
tive of discontinuation or switching, which are in keeping 
with our findings. In contrast, improved clinical outcomes 
and thereby TNFi persistence, were reported in those with 
higher baseline CRP values [35], positive HLA-B27 [36], 
male sex, and peripheral arthritis.

In our study, higher education years correlated with TNFi 
discontinuation by 12 months. This contrasts with a United 
Kingdom study of axSpA patients where fewer years in edu-
cation predicted a lower likelihood of TNFi response [37]. 
Possible explanations for these discordant findings include: 
(1) Younger and more educated patients may have had 
greater or different expectations of TNFi, such as functional 
improvement, so that patients and/or their providers were 
more proactive in switching therapies, and (2), less educated 
patients -especially those with longer disease durations—
may have had different goals of treatment and expectations 
which may have impacted their desire to switch treatment. 
The interaction of higher education and specific occupations 
with objective measurements of functional impairment was 
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failure)
41%
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Fig. 2  Reasons for tumor necrosis factor inhibitor course discontinua-
tion (n = 229 reasons)
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Table 3  Logistic regression 
model for predictors of TNFi 
response

a Adjusted models were constructed with all variables from the univariate Cox proportional hazard regres-
sion, then simplified to only include those variables with OR confidence intervals excluding 1.0
b Insufficient numbers to report Odds Ratio

Univariate OR (95% CI) Adjusteda OR (95% CI)

Age 0.99 (0.98–1.01) –
Male sex 1.53 (0.60–3.90) –
Caucasian 0.70 (0.45–1.07) –
African American 1.97 (1.12–3.48) 2.09 (1.01–4.32)
Hispanic 0.95 (0.50–1.80) –
Asian 2.25 (0.31–16.1) –
Other race(referent) 1.00 –
 Never smoker 1.35 (0.86–2.11) –
 Former smoker 0.64 (0.42–0.98) –
 Current smoker 1.22 (0.80–1.86) –

Education (years) 0.95 (0.87–1.03) –
Duration of AxSpA (years) 0.99 (0.98–1.01) –
HLAB27 positivity 0.69 (0.44–1.08) –
BASDAI score 0.93 (0.85–1.02) –
BASFI score 0.93 (0.86–1.01) 0.81 (0.74–0.89)
Pain score 1.35 (1.24–1.47) 1.44 (1.31–1.59)
BMI score (kg/m2) 0.98 (0.94–1.01) –
Mean CRP (mg/dL) 0.98 (0.96–1.01) –
Mean ESR (mm/hr) 0.99 (0.98–1.01) –
Course of TNFi 0.98 (0.89–1.08) –
Comorbidities
 Atherosclerosis 0.94 (0.61–1.47) –
 Angina 1.03 (0.38–2.76) –
 Cerebrovascular/stroke 0.85 (0.46–1.57) –
 Coronary artery disease 0.99 (0.62–1.57) –
 Hypertension 1.10 (0.72–1.67) –
 Myocardial infarction 4.32 (1.57–11.9) –
 Peripheral vascular disease 0.70 (0.18–2.43) –
 Venous thromboembolism 0.74 (0.20–2.76) –
 Dyslipidemia 0.56 (0.38–0.84) 0.49 (0.30–0.79)
 Depression 1.10 (0.74–1.63) –
 Uveitis 1.68 (1.12–2.52) –
 Sleep apnea 0.94 (0.61–1.45) –
 Inflammatory bowel disease 2.13 (1.21–3.75) 2.96 (1.25–7.04)
 Diabetes 0.78 (0.52–1.16) –
 Cancer 1.12 (0.72–1.74) –
 Osteoporosis 1.36 (0.90–2.06) 1.89 (1.15–3.10)
 Asthma 1.03 (0.38–2.76) –
 Multiple sclerosis 1.00 –
 Gastrointestinal ulcer 1.23 (0.59–2.56) –
 Parkinson  diseaseb 1.00 –
 Adalimumab (referent) 1.00 1.00
 Etanercept 0.87 (0.55–1.36) 0.75 (0.45–1.25)
 Infliximab 1.59 (0.73–3.42) 1.33 (0.54–3.28)
 Certolizumab 0.55 (0.20–1.52) 0.52 (0.18–1.51)
 Golimumab 1.32 (0.65–2.66) 1.01 (0.42–2.45)
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not evaluated in our study, but could be explored in future 
cohorts.

The most common reasons reported for discontinuing 
or switching TNFi use is non-response, whether primary 
or secondary. TNFi non-response and secondary loss of 
response accounted for discontinuation in 65% of axSpA 
patients in our cohort, higher than the 56% non-response 
reported in Danish registry AS patients [38]. The rates of 
discontinuation due to low disease activity in our study were 
very low, likely reflecting the high rates of flares follow-
ing discontinuation of TNFi in axSpA, and in keeping with 
recent 2019 treatment guidelines that recommend against 
TNFI discontinuation [39]. Our findings suggest VA provid-
ers are providing care concordant with this recommendation.

We found African American (AA) race and a high base-
line pain score to be associated with TNFi response at 
12 months. The signal for a response associated with AA 
ethnicity has not been well reported. This is of particular 
interest given data from the US Prospective Study of Out-
comes in AS (PSOAS) cohort showing more severe disease 
in AA patients with AS, compared to Caucasians [40]. A 
recent retrospective study identified patients with AS, 8% 
were AA; these patients had higher inflammatory markers 
which was interpreted as increased disease activity [41]. 
However, given the small number of AA study participants 
in our cohort and modest significance, these findings will 
need to be replicated.

Patients with poor baseline function (higher BASFI 
scores) predicted discontinuation, similar to other reports 
of AS patients receiving infliximab [42]. Our findings, how-
ever, differ from other reports regarding predictors of TNFi 
non-response. In a Canadian AS cohort, older age, a nega-
tive HLA–B27, increased disease activity at baseline, and 
treatment with etanercept predicted non-response [43]. In yet 
other data, females had less persistence, more discontinua-
tion and TNFi non-response, than males [35]; findings we 
were unable to replicate, perhaps in part a reflection of our 
predominantly older, male cohort.

Comorbidities have been area of intense interest with 
regards to the impact on disease severity and treatment 
response. A retrospective study in the United States using 
administrative claims data, confirmed the prevalence of a 
much greater comorbidity burden in AS patients compared 
to matched controls [44]. A study from the United King-
dom (UK) of newly treated AxSpA patient noted that those 
who had 2 or more comorbid conditions were reported to 
have greater TNFi discontinuation, as well as less TNFi 
response (disease activity, function and Quality of Life) 
[45]. While one would postulate increased comorbid burden 
would be associated with TNFI discontinuation and non-
response, our findings were more nuanced. In contrast to 
the UK study, rather than additive comorbidities, our study 
analyzed individual comorbid conditions for association 

with TNFi persistence. It was individual rather than com-
posite measures of comorbidities that were associated with 
TNFi persistence and responses. One such finding was that 
previous myocardial infarction predicted TNF persistence. 
While TNFi have been associated with reduced cardiovas-
cular events in rheumatoid arthritis [46]; similar findings 
have not been reliably demonstrated in AS or nr-axSpA [47]. 
Numerous observational studies, meta-analyses and system-
atic reviews have shown a clear association between axSpA 
and myocardial infarctions. Extrapolating from the rheuma-
toid arthritis observational data [48, 49], it is suggested that 
providers should target systemic inflammation with TNFi, 
thereby decreasing myocardial infarction risks. We postulate 
that patients with prior MI would likely start TNFi rather 
than NSAIDs, the latter being relatively contraindicated. As 
such, patients with a history of MI–even with de novo or 
mild inflammatory disease–are likely to start TNFi therapy, 
hence the increased TNF persistence in our cohort. Further 
study into the impact on the possible bi-directional associa-
tion of biologic therapy and cardiovascular disease would 
be of benefit.

On the other hand, peripheral vascular disease and cere-
brovascular disease surprisingly, predicted TNFi discontinu-
ation. We postulate that this may reflect a greater comorbid-
ity burden or concern for potential adverse events in these 
specific patients, lowering the threshold for subsequent 
discontinuation of TNF. Given the correlation of certain 
comorbidities on TNFi treatment response, there is need for 
further study of individual chronic conditions, specifically 
the cardiovascular disease spectrum.

In our cohort, former smoking was protective against 
TNFi discontinuation, in contrast with results from the Dan-
ish AS registry, in which current and former smokers with 
AS had shorter treatment adherence and poorer treatment 
response compared to never smokers [50]. However, a large 
UK cohort of axSpA showed no difference in response to the 
first TNFi related to baseline smoking status, whether cur-
rent, former, or never smokers [51]. These equivocal reports 
require further exploration. Lastly, the association of de novo 
or worsening multiple sclerosis and TNF discontinuation is 
in keeping with prior studies [52].

Our report is significant for the large axSpA patient popu-
lation with rheumatologist-confirmed diagnoses, multi-site 
US recruitment, collection of sociodemographic data, HLA-
B27 testing, patient-reported outcomes utilizing the standard-
ized electronic medical records, and availability of all FDA-
approved TNFi to participants with limited financial or other 
access barriers. In addition, we evaluated a predominantly 
older cohort, which is a traditionally under-studied popula-
tion in axSpA. Our inclusion of comorbidity data adds impor-
tant parameters to assessing risks for TNFi discontinuation, 
although further studies will be needed to focus on specific 
coexistent conditions. Our analysis included TNFi courses and 
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the merged administrative pharmacy data with patient reported 
outcomes and provider-based assessments to ascertain the 
TNF persistence rates at specific time periods. Additionally, 
to explore causes of TNFi discontinuation, utilizing real world 
data reflecting TNFi prescription practices for axSpA among 
US veterans. Our data are also the first to show no preferential 
TNFi discontinuation related to race. Non-adherence, adverse 
events, access barriers, and fear of potential adverse events 
were relatively uncommon, suggesting that TNFi are well tol-
erated and safe in most axSpA veterans.

Limitations of our study include our analysis of a well-
established predominantly male, elderly subjects compared 
to the usual reports of younger, newly diagnosed patients. 
ASDAS, a more robust measure of disease activity, was not 
routinely collected as part of this study. While BASDAI 
on enrollment was collected and reported, only a subset 
had repeat BASDAI longitudinally correlating with TNFi 
courses to provide further analysis. Race was self-reported 
rather than biological race which must be taken into consid-
eration, and further studies exploring the impact of biologic 
race on TNF persistence in this patient population may be 
relevant. We did not categorize the cohort based on disease 
activity or phenotype, e.g.: presence of coexisting peripheral 
arthritis, uveitis, etc., which may have impacted response 
or lack thereof to TNFi therapy. Patients with co-existing 
peripheral arthritis or enthesitis may have used concomi-
tant disease-modifying antirheumatic drugs (DMARDs) 
or NSAIDs which may have augmented/influenced TNFi 
response or persistence, and the residual channeling bias 
related to the selection of therapies must be considered in the 
interpretation of our results. The impact of anti-TNF anti-
bodies was not evaluated in this study and remains an area 
for further inquiry. Finally, there are the inherent limitations 
of administrative data, including missing variables. We also 
acknowledge but are unable to explain the conflicting results 
which were unresolved despite repeat statistical analyses.

In conclusion, we found a significant proportion of a 
predominantly male cohort with axSpA discontinued TNFi 
therapy within 2–3 years, primarily as a result of secondary 
non-response, additionally, specific comorbid conditions 
led to TNFi discontinuation including cerebrovascular and 
peripheral vascular disease. Higher pain scores (NRS) at 
baseline, African American Race, Inflammatory Bowel 
Disease and Osteoporosis predicted TNFi response. Our 
findings provide additional parameters to be considered in 
treatment options for axSpA patients. Research identifying 
potential predictors for treatment responses and discontinu-
ation continue to be areas of interest and future study.

Funding Our study was designed by the Investigators and the sponsor 
(Novartis) provided input in project planning, but was not involved in 
the collection of data, analyses or reporting. Financial support for the 
study was provided by Novartis.

Data availability The Veterans Health Administration has sole owner-
ship of the data gathered for this study and data are not available for 
sharing or public viewing.

Code availability Not applicable.

Declarations 

Conflict of interest The other authors have disclosed no conflicts of 
interest. Dr. Kerr has received current and prior grant funding from 
Novartis, BMS and Pfizer. She currently serves on the advisory board 
for Janssen. Dr. Walsh has received consulting fees from AbbVie, Lil-
ly, Novartis and UCB (all less than $10,000). She has also received 
research funding from AbbVie and Pfizer. Dr. Clegg has received VA 
Merit Review funding. Dr. Reimold has served as a consultant for Lilly 
(less than $10,000).

Ethical approval Approval obtained by the local Institutional Review 
Board at each participating site, and by the independent Scientific Eth-
ics and Advisory Committee for the Department of Veterans Affairs 
(VA) Program to Understand the Longterm Outcomes in SpondyloAR-
thritis registry (PULSAR). Ethics Approval MIRB number: 01138. 
Initial approval: 08/28/2008.

References

 1. Sieper J, Braun J, Dougados M, Baeten D (2015) Axial spondy-
loarthritis. Nat Rev Dis primers 1:15013. https:// doi. org/ 10. 1038/ 
nrdp. 2015. 13

 2. Hunter T, Schroeder K, Sandoval D, Deodhar A (2019) Persis-
tence, discontinuation, and switching patterns of newly initiated 
TNF inhibitor therapy in ankylosing spondylitis patients in the 
United States. Rheumatol Ther 6(2):207–215. https:// doi. org/ 10. 
1007/ s40744- 019- 0148-4

 3. Braun J, Brandt J, Listing J, Zink A, Alten R, Golder W, Grom-
nica-Ihle E, Kellner H, Krause A, Schneider M, Sörensen H, Zei-
dler H, Thriene W, Sieper J (2002) Treatment of active ankylosing 
spondylitis with infliximab: a randomised controlled multicen-
tre trial. Lancet 359(9313):1187–1193. https:// doi. org/ 10. 1016/ 
s0140- 6736(02) 08215-6

 4. van der Heijde D, Kivitz A, Schiff MH, Sieper J, Dijkmans BA, 
Braun J, Dougados M, Reveille JD, Wong RL, Kupper H, Davis 
JC Jr, ATLAS Study Group (2006) Efficacy and safety of adali-
mumab in patients with ankylosing spondylitis: results of a multi-
center, randomized, double-blind, placebo-controlled trial. Arthri-
tis Rheum 54(7):2136–2146. https:// doi. org/ 10. 1002/ art. 21913

 5. Davis JC Jr, Van Der Heijde D, Braun J, Dougados M, Cush J, 
Clegg DO, Kivitz A, Fleischmann R, Inman R, Tsuji W, Enbrel 
Ankylosing Spondylitis Study Group (2003) Recombinant human 
tumor necrosis factor receptor (etanercept) for treating ankylos-
ing spondylitis: a randomized, controlled trial. Arthritis Rheum 
48(11):3230–3236. https:// doi. org/ 10. 1002/ art. 11325

 6. Inman RD, Davis JC Jr, van der Heijde D, Diekman L, Sieper J, 
Kim SI, Mack M, Han J, Visvanathan S, Xu Z, Hsu B, Beutler A, 
Braun J (2008) Efficacy and safety of golimumab in patients with 
ankylosing spondylitis: results of a randomized, double-blind, 
placebo-controlled, phase III trial. Arthritis Rheum 58(11):3402–
3412. https:// doi. org/ 10. 1002/ art. 23969

 7. Landewé R, Braun J, Deodhar A, Dougados M, Maksymowych 
WP, Mease PJ, Reveille JD, Rudwaleit M, van der Heijde D, Stach 
C, Hoepken B, Fichtner A, Coteur G, de Longueville M, Sieper J 

https://doi.org/10.1038/nrdp.2015.13
https://doi.org/10.1038/nrdp.2015.13
https://doi.org/10.1007/s40744-019-0148-4
https://doi.org/10.1007/s40744-019-0148-4
https://doi.org/10.1016/s0140-6736(02)08215-6
https://doi.org/10.1016/s0140-6736(02)08215-6
https://doi.org/10.1002/art.21913
https://doi.org/10.1002/art.11325
https://doi.org/10.1002/art.23969


1935Rheumatology International (2022) 42:1925–1937 

1 3

(2014) Efficacy of certolizumab pegol on signs and symptoms of 
axial spondyloarthritis including ankylosing spondylitis: 24-week 
results of a double-blind randomised placebo-controlled phase 3 
study. Ann Rheum Dis 73(1):39–47. https:// doi. org/ 10. 1136/ annrh 
eumdis- 2013- 204231

 8. Vastesaeger N, van der Heijde D, Inman RD, Wang Y, Deodhar A, 
Hsu B, Rahman MU, Dijkmans B, Geusens P, Vander Cruyssen B, 
Collantes E, Sieper J, Braun J (2011) Predicting the outcome of 
ankylosing spondylitis therapy. Ann Rheum Dis 70(6):973–981. 
https:// doi. org/ 10. 1136/ ard. 2010. 147744

 9. Baraliakos X, Koenig AS, Jones H, Szumski A, Collier D, Bananis 
E (2015) Predictors of clinical remission under anti-tumor necro-
sis factor treatment in patients with ankylosing spondylitis: 
pooled analysis from large randomized clinical trials. J Rheumatol 
42(8):1418–1426. https:// doi. org/ 10. 3899/ jrheum. 141278

 10. van der Heijde D, Landewé R, Baraliakos X, Houben H, van 
Tubergen A, Williamson P, Xu W, Baker D, Goldstein N, Braun J, 
Ankylosing Spondylitis Study for the Evaluation of Recombinant 
Infliximab Therapy Study Group (2008) Radiographic findings 
following two years of infliximab therapy in patients with ankylos-
ing spondylitis. Arthritis Rheum 58(10):3063–3070. https:// doi. 
org/ 10. 1002/ art. 23901

 11. van der Heijde D, Salonen D, Weissman BN, Landewé R, Maksy-
mowych WP, Kupper H, Ballal S, Gibson E, Wong R, Canadian 
(M03-606) study group, and ATLAS study group (2009) Assess-
ment of radiographic progression in the spines of patients with 
ankylosing spondylitis treated with adalimumab for up to 2 years. 
Arthritis Res Ther. https:// doi. org/ 10. 1186/ ar2794

 12. van der Heijde D, Landewé R, Einstein S, Ory P, Vosse D, Ni L, 
Lin SL, Tsuji W, Davis JC Jr (2008) Radiographic progression 
of ankylosing spondylitis after up to two years of treatment with 
etanercept. Arthritis Rheum 58(5):1324–1331. https:// doi. org/ 10. 
1002/ art. 23471

 13. Poddubnyy D, Rudwaleit M, Haibel H, Listing J, Märker-Hermann 
E, Zeidler H, Braun J, Sieper J (2012) Effect of non-steroidal anti-
inflammatory drugs on radiographic spinal progression in patients 
with axial spondyloarthritis: results from the German spondy-
loarthritis inception cohort. Ann Rheum Dis 71(10):1616–1622. 
https:// doi. org/ 10. 1136/ annrh eumdis- 2011- 201252

 14. Wanders A, van der Heijde D, Landewé R, Béhier JM, Calin A, 
Olivieri I, Zeidler H, Dougados M (2005) Nonsteroidal antiin-
flammatory drugs reduce radiographic progression in patients 
with ankylosing spondylitis: a randomized clinical trial. Arthritis 
Rheum 52(6):1756–1765. https:// doi. org/ 10. 1002/ art. 21054

 15. Haroon N, Inman RD, Learch TJ, Weisman MH, Lee M, Rahbar 
MH, Ward MM, Reveille JD, Gensler LS (2013) The impact of 
tumor necrosis factor α inhibitors on radiographic progression 
in ankylosing spondylitis. Arthritis Rheum 65(10):2645–2654. 
https:// doi. org/ 10. 1002/ art. 38070

 16. Heiberg MS, Koldingsnes W, Mikkelsen K, Rødevand E, Kauf-
mann C, Mowinckel P, Kvien TK (2008) The comparative one-
year performance of anti-tumor necrosis factor alpha drugs in 
patients with rheumatoid arthritis, psoriatic arthritis, and anky-
losing spondylitis: results from a longitudinal, observational, mul-
ticenter study. Arthritis Rheum 59(2):234–240. https:// doi. org/ 10. 
1002/ art. 23333

 17. Deodhar A, Yu D (2017) Switching tumor necrosis factor inhibi-
tors in the treatment of axial spondyloarthritis. Semin Arthritis 
Rheum 47(3):343–350. https:// doi. org/ 10. 1016/j. semar thrit. 2017. 
04. 005

 18. Moltó A, Nikiphorou E (2018) Comorbidities in spondyloarthritis. 
Front Med 5:62. https:// doi. org/ 10. 3389/ fmed. 2018. 00062

 19. Nikiphorou E, Ramiro S, van der Heijde D, Norton S, Moltó A, 
Dougados M, van den Bosch F, Landewé R (2018) Association 
of comorbidities in spondyloarthritis with poor function, work 
disability, and quality of life: results from the assessment of 

spondyloarthritis international society comorbidities in spondy-
loarthritis study. Arthritis Care Res 70(8):1257–1262. https:// doi. 
org/ 10. 1002/ acr. 23468

 20. Redeker I, Callhoff J, Hoffmann F, Haibel H, Sieper J, Zink A, 
Poddubnyy D (2019). Association of comorbidities with disease 
activity and functional impairment in axial spondyloarthritis: 
results from a nationwide population-based study [abstract]. 
Arthritis Rheumatol. 2019; 71 (suppl 10). https:// acrab strac ts. org/ 
abstr act/ assoc iation- of- comor bidit ies- with- disea se- activ ity- and- 
funct ional- impai rment- in- axial- spond yloar thrit is- resul ts- from-a- 
natio nwide- popul ation- based- study/. Accessed 22 Nov 2019

 21. Rudwaleit M, van der Heijde D, Landewé R, Listing J, Akkoc 
N, Brandt J, Braun J, Chou CT, Collantes-Estevez E, Dougados 
M, Huang F, Gu J, Khan MA, Kirazli Y, Maksymowych WP, 
Mielants H, Sørensen IJ, Ozgocmen S, Roussou E, Valle-Oñate 
R, Sieper J (2009) The development of assessment of spondyloar-
thritis international society classification criteria for axial spon-
dyloarthritis (part II): validation and final selection. Ann Rheum 
Dis 68(6):777–783. https:// doi. org/ 10. 1136/ ard. 2009. 108233

 22. Farrar JT, Young JP Jr, LaMoreaux L, Werth JL, Poole MR (2001) 
Clinical importance of changes in chronic pain intensity measured 
on an 11-point numerical pain rating scale. Pain 94(2):149–158. 
https:// doi. org/ 10. 1016/ S0304- 3959(01) 00349-9

 23. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford 
P, Calin A (1994) A new approach to defining disease status in 
ankylosing spondylitis: the Bath Ankylosing Spondylitis Disease 
Activity Index. J Rheumatol 21(12):2286–2291

 24. Calin A, Garrett S, Whitelock H, Kennedy LG, O’Hea J, Mal-
lorie P, Jenkinson T (1994) A new approach to defining func-
tional ability in ankylosing spondylitis: the development of the 
Bath Ankylosing Spondylitis Functional Index. J Rheumatol 
21(12):2281–2285

 25. Nhan DT, Caplan L (2016) Patient-reported outcomes in axial 
spondyloarthritis. Rheum Dis Clin North Am 42(2):285–299. 
https:// doi. org/ 10. 1016/j. rdc. 2016. 01. 011

 26. Che H, Etcheto A, Dernis E, Nataf H, Boumier P, Breuillard P, 
Durandin-Truffinet M, Fechtenbaum J, Gaud-Listrat V, Giraud B, 
Hudry C, Labatide-Alanore S, Le Devic P, Le Goux P, Lebrun 
A, Maheu E, Moura B, Nguyen M, Sacchi A, Ayral X, Moltó A 
(2015) Evaluation of collected outcome measures in axial spon-
dyloarthritis in daily-care rheumatology settings: the experience 
of the RHEVER network. Clin Exp Rheumatol 33(6):851–857

 27. van der Heijde D, Calin A, Dougados M, Khan MA, van der Lin-
den S, Bellamy N (1999) Selection of instruments in the core 
set for DC-ART, SMARD, physical therapy, and clinical record 
keeping in ankylosing spondylitis. Progress report of the ASAS 
working group. Assessments in ankylosing spondylitis. J Rheu-
matol 26(4):951–954

 28. Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J, Burgos-
Vargas R, Dougados M, Hermann KG, Landewé R, Maksymow-
ych W, van der Heijde D (2009) The assessment of spondyloar-
thritis international society (ASAS) handbook: a guide to assess 
spondyloarthritis. Ann Rheum Dis. https:// doi. org/ 10. 1136/ ard. 
2008. 104018

 29. Stagg V (2006) “CHARLSON: Stata module to calculate Charlson 
index of comorbidity,” Statistical Software Components S456719, 
Boston College Department of Economics, revised 13 Sep 2017

 30. StataCorp (2017) Stata statistical software: release 15. StataCorp 
LLC, College Station

 31. Lindström U, Olofsson T, Wedrén S, Qirjazo I, Askling J (2019) 
Biological treatment of ankylosing spondylitis: a nationwide 
study of treatment trajectories on a patient level in clinical 
practice. Arthritis Res Ther 21(1):128. https:// doi. org/ 10. 1186/ 
s13075- 019- 1908-9

 32. Heinonen AV, Aaltonen KJ, Joensuu JT, Lähteenmäki JP, Per-
tovaara MI, Romu MK, Hirvonen HE, Similä AK, Blom ML, 

https://doi.org/10.1136/annrheumdis-2013-204231
https://doi.org/10.1136/annrheumdis-2013-204231
https://doi.org/10.1136/ard.2010.147744
https://doi.org/10.3899/jrheum.141278
https://doi.org/10.1002/art.23901
https://doi.org/10.1002/art.23901
https://doi.org/10.1186/ar2794
https://doi.org/10.1002/art.23471
https://doi.org/10.1002/art.23471
https://doi.org/10.1136/annrheumdis-2011-201252
https://doi.org/10.1002/art.21054
https://doi.org/10.1002/art.38070
https://doi.org/10.1002/art.23333
https://doi.org/10.1002/art.23333
https://doi.org/10.1016/j.semarthrit.2017.04.005
https://doi.org/10.1016/j.semarthrit.2017.04.005
https://doi.org/10.3389/fmed.2018.00062
https://doi.org/10.1002/acr.23468
https://doi.org/10.1002/acr.23468
https://acrabstracts.org/abstract/association-of-comorbidities-with-disease-activity-and-functional-impairment-in-axial-spondyloarthritis-results-from-a-nationwide-population-based-study/
https://acrabstracts.org/abstract/association-of-comorbidities-with-disease-activity-and-functional-impairment-in-axial-spondyloarthritis-results-from-a-nationwide-population-based-study/
https://acrabstracts.org/abstract/association-of-comorbidities-with-disease-activity-and-functional-impairment-in-axial-spondyloarthritis-results-from-a-nationwide-population-based-study/
https://acrabstracts.org/abstract/association-of-comorbidities-with-disease-activity-and-functional-impairment-in-axial-spondyloarthritis-results-from-a-nationwide-population-based-study/
https://doi.org/10.1136/ard.2009.108233
https://doi.org/10.1016/S0304-3959(01)00349-9
https://doi.org/10.1016/j.rdc.2016.01.011
https://doi.org/10.1136/ard.2008.104018
https://doi.org/10.1136/ard.2008.104018
https://doi.org/10.1186/s13075-019-1908-9
https://doi.org/10.1186/s13075-019-1908-9


1936 Rheumatology International (2022) 42:1925–1937

1 3

Nordström DC (2015) Effectiveness and drug survival of TNF 
inhibitors in the treatment of ankylosing spondylitis: a prospective 
cohort study. J Rheumatol 42(12):2339–2346. https:// doi. org/ 10. 
3899/ jrheum. 150389

 33. Arends S, Brouwer E, van der Veer E, Groen H, Leijsma MK, 
Houtman PM, Jansen TLTA, Kallenberg CG, Spoorenberg A 
(2011) Baseline predictors of response and discontinuation of 
tumor necrosis factor-alpha blocking therapy in ankylosing spon-
dylitis: a prospective longitudinal observational cohort study. 
Arthritis Res Ther. https:// doi. org/ 10. 1186/ ar3369

 34. Mease PJ, van der Heijde D, Karki C, Liu M, Park Y, Green-
berg JD (2018) Tumor necrosis factor inhibitor discontinuation in 
patients with ankylosing spondylitis: an observational study from 
the US-based Corona registry. Rheumatol Ther 5(2):537–550. 
https:// doi. org/ 10. 1007/ s40744- 018- 0129-z

 35. Wallman JK, Kapetanovic MC, Petersson IF, Geborek P, Kris-
tensen LE (2015) Comparison of non-radiographic axial spondy-
loarthritis and ankylosing spondylitis patients–baseline character-
istics, treatment adherence, and development of clinical variables 
during three years of anti-TNF therapy in clinical practice. Arthri-
tis Res Ther 17:378. https:// doi. org/ 10. 1186/ s13075- 015- 0897-6

 36. Glintborg B, Sørensen IJ, Østergaard M, Dreyer L, Mohamoud 
AA, Krogh NS, Hendricks O, Andersen LS, Raun JL, Kowal-
ski MR, Danielsen L, Pelck R, Nordin H, Pedersen JK, Kraus 
DG, Christensen SR, Hansen IM, Esbesen J, Schlemmer A, Loft 
AG, Hetland ML (2017) Ankylosing spondylitis versus nonra-
diographic axial spondyloarthritis: comparison of tumor necrosis 
factor inhibitor effectiveness and effect of HLA-B27 status. An 
observational cohort study from the nationwide DANBIO registry. 
J Rheumatol 44(1):59–69. https:// doi. org/ 10. 3899/ jrheum. 160958

 37. Macfarlane GJ, Pathan E, Jones GT, Dean LE (2020) Predicting 
response to anti-TNFα therapy among patients with axial spondyloar-
thritis (axSpA): results from BSRBR-AS. Rheumatology (Oxford) 
59(9):2481–2490. https:// doi. org/ 10. 1093/ rheum atolo gy/ kez657

 38. Glintborg B, Østergaard M, Krogh NS, Tarp U, Manilo N, Loft 
AG, Hansen A, Schlemmer A, Fana V, Lindegaard HM, Nordin 
H, Rasmussen C, Ejstrup L, Jensen DV, Petersen PM, Hetland ML 
(2013) Clinical response, drug survival and predictors thereof in 
432 ankylosing spondylitis patients after switching tumour necro-
sis factor α inhibitor therapy: results from the Danish nationwide 
DANBIO registry. Ann Rheum Dis 72(7):1149–1155. https:// doi. 
org/ 10. 1136/ annrh eumdis- 2012- 201933

 39. Ward MM, Deodhar A, Gensler LS, Dubreuil M, Yu D, Khan MA, 
Haroon N, Borenstein D, Wang R, Biehl A, Fang MA, Louie G, 
Majithia V, Ng B, Bigham R, Pianin M, Shah AA, Sullivan N, 
Turgunbaev M, Oristaglio J, Caplan L (2019) 2019 Update of 
the American college of rheumatology/spondylitis association of 
America/spondyloarthritis research and treatment network rec-
ommendations for the treatment of ankylosing spondylitis and 
nonradiographic axial spondyloarthritis. Arthritis Rheumatol 
(Hoboken) 71(10):1599–1613. https:// doi. org/ 10. 1002/ art. 41042

 40. Jamalyaria F, Ward MM, Assassi S, Learch TJ, Lee M, Gensler 
LS, Brown MA, Diekman L, Tahanan A, Rahbar MH, Weisman 
MH, Reveille JD (2017) Ethnicity and disease severity in ankylos-
ing spondylitis a cross-sectional analysis of three ethnic groups. 
Clin Rheumatol 36(10):2359–2364. https:// doi. org/ 10. 1007/ 
s10067- 017- 3767-6

 41. Singh DK, Magrey MN (2020) Racial differences in clinical fea-
tures and comorbidities in ankylosing spondylitis in the United 
States. J Rheumatol 47(6):835–838. https:// doi. org/ 10. 3899/ 
jrheum. 18101 9S

 42. Lorenzin M, Ortolan A, Frallonardo P, Oliviero F, Punzi L, 
Ramonda R (2015) Predictors of response and drug survival 
in ankylosing spondylitis patients treated with infliximab. 
BMC Musculoskelet Disord 16:166. https:// doi. org/ 10. 1186/ 
s12891- 015- 0620-4

 43. Alazmi M, Sari I, Krishnan B, Inman RD, Haroon N (2018) Profil-
ing response to tumor necrosis factor inhibitor treatment in axial 
spondyloarthritis. Arthritis Care Res 70(9):1393–1399. https:// 
doi. org/ 10. 1002/ acr. 23465

 44. Walsh JA, Song X, Kim G, Park Y (2018) Evaluation of the 
comorbidity burden in patients with ankylosing spondylitis 
using a large US administrative claims data set. Clin Rheumatol 
37(7):1869–1878. https:// doi. org/ 10. 1007/ s10067- 018- 4086-2

 45. Zhao SS, Jones GT, Macfarlane GJ, Hughes DM, Moots RJ, 
Goodson NJ (2021) Comorbidity and response to TNF inhibitors 
in axial spondyloarthritis: longitudinal analysis of the BSRBR-
AS. Rheumatology (Oxford) 60(9):4158–4165. https:// doi. org/ 10. 
1093/ rheum atolo gy/ keaa9 00

 46. Biggioggero M, Mesina F, Favalli EG (2019) The use of rheu-
matic disease comorbidity index for predicting clinical response 
and retention rate in a cohort of rheumatoid arthritis patients 
receiving tumor necrosis factor alpha inhibitors. Biomed Res Int 
2019:6107217. https:// doi. org/ 10. 1155/ 2019/ 61072 17

 47. Karmacharya P, Shahukhal R, Crowson CS, Murad MH, Davis JM 
3rd, Shrestha P, Bekele D, Wright K, Chakradhar R, Dubreuil M 
(2020) Effects of therapies on cardiovascular events in ankylosing 
spondylitis: a systematic review and meta-analysis. Rheumatol 
Ther 7(4):993–1009. https:// doi. org/ 10. 1007/ s40744- 020- 00248-x

 48. Crowson CS, Liao KP, Davis JM 3rd, Solomon DH, Matteson 
EL, Knutson KL, Hlatky MA, Gabriel SE (2013) Rheumatoid 
arthritis and cardiovascular disease. Am Heart J 166(4):622-628.
e1. https:// doi. org/ 10. 1016/j. ahj. 2013. 07. 010

 49. Barbhaiya M, Solomon DH (2013) Rheumatoid arthritis and car-
diovascular disease: an update on treatment issues. Curr Opin 
Rheumatol 25(3):317–324. https:// doi. org/ 10. 1097/ BOR. 0b013 
e3283 5fd7f8

 50. Glintborg B, Højgaard P, Lund Hetland M, Steen Krogh N, 
Kollerup G, Jensen J, Chrysidis S, Jensen Hansen IM, Holland-
Fischer M, Højland Hansen T, Nilsson C, Espesen J, Nordin H, 
Rasmussen Loft AG, Pelck R, Lorenzen T, Flejsborg Oeftiger S, 
Unger B, Jaeger F, Mosborg Petersen P, Dreyer L (2016) Impact 
of tobacco smoking on response to tumour necrosis factor-alpha 
inhibitor treatment in patients with ankylosing spondylitis: results 
from the Danish nationwide DANBIO registry. Rheumatology 
(Oxford) 55(4):659–668. https:// doi. org/ 10. 1093/ rheum atolo gy/

 51. Zhao SS, Yoshida K, Jones GT, Hughes DM, Tedeschi SK, Lyu H, 
Moots RJ, Solomon DH, Goodson NJ (2020) Impact of smoking 
in response to tumor necrosis factor inhibitors in axial spondy-
loarthritis: methodologic considerations for longitudinal obser-
vational studies. Arthritis Care Res 72(4):591–599. https:// doi. 
org/ 10. 1002/ acr. 23851

 52. Dreyer L, Magyari M, Laursen B, Cordtz R, Sellebjerg F, Locht 
H (2016) Risk of multiple sclerosis during tumour necrosis fac-
tor inhibitor treatment for arthritis: a population-based study 
from DANBIO and the Danish Multiple Sclerosis Registry. 
Ann Rheum Dis 75(4):785–786. https:// doi. org/ 10. 1136/ annrh 
eumdis- 2015- 208490

 53. Bekele D, Cheng E, Geier C, Ganuthula K, Walsh J, Dubreuil M, 
Clegg DO, Kaushik P, Ng B, Chang E, Reimold A, Raychaudhuri 
SP, Duong R, Kuhn KA, Park Y, Kerr GS (2018) Tumor necro-
sis factor inhibitor persistence and reasons for discontinuation 
in US veterans with axial spondyloarthritis [abstract]. Arthritis 
Rheumatol, 70 (suppl 10). https:// acrab strac ts. org/ abstr act/ tumor- 
necro sis- factor- inhib itor- persi stence- and- reaso ns- for- disco ntinu 
ation- in- us- veter ans- with- axial- spond yloar thrit is/. Accessed 15 
Sept 2021

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3899/jrheum.150389
https://doi.org/10.3899/jrheum.150389
https://doi.org/10.1186/ar3369
https://doi.org/10.1007/s40744-018-0129-z
https://doi.org/10.1186/s13075-015-0897-6
https://doi.org/10.3899/jrheum.160958
https://doi.org/10.1093/rheumatology/kez657
https://doi.org/10.1136/annrheumdis-2012-201933
https://doi.org/10.1136/annrheumdis-2012-201933
https://doi.org/10.1002/art.41042
https://doi.org/10.1007/s10067-017-3767-6
https://doi.org/10.1007/s10067-017-3767-6
https://doi.org/10.3899/jrheum.181019S
https://doi.org/10.3899/jrheum.181019S
https://doi.org/10.1186/s12891-015-0620-4
https://doi.org/10.1186/s12891-015-0620-4
https://doi.org/10.1002/acr.23465
https://doi.org/10.1002/acr.23465
https://doi.org/10.1007/s10067-018-4086-2
https://doi.org/10.1093/rheumatology/keaa900
https://doi.org/10.1093/rheumatology/keaa900
https://doi.org/10.1155/2019/6107217
https://doi.org/10.1007/s40744-020-00248-x
https://doi.org/10.1016/j.ahj.2013.07.010
https://doi.org/10.1097/BOR.0b013e32835fd7f8
https://doi.org/10.1097/BOR.0b013e32835fd7f8
https://doi.org/10.1093/rheumatology/
https://doi.org/10.1002/acr.23851
https://doi.org/10.1002/acr.23851
https://doi.org/10.1136/annrheumdis-2015-208490
https://doi.org/10.1136/annrheumdis-2015-208490
https://acrabstracts.org/abstract/tumor-necrosis-factor-inhibitor-persistence-and-reasons-for-discontinuation-in-us-veterans-with-axial-spondyloarthritis/
https://acrabstracts.org/abstract/tumor-necrosis-factor-inhibitor-persistence-and-reasons-for-discontinuation-in-us-veterans-with-axial-spondyloarthritis/
https://acrabstracts.org/abstract/tumor-necrosis-factor-inhibitor-persistence-and-reasons-for-discontinuation-in-us-veterans-with-axial-spondyloarthritis/


1937Rheumatology International (2022) 42:1925–1937 

1 3

Authors and Affiliations

Delamo I. Bekele1  · Elizabeth Cheng2 · Andreas Reimold3 · Christian Geier4  · Kavya Ganuthula2 · 
Jessica A. Walsh5  · Daniel O. Clegg5  · Maureen Dubreuil6  · Prashant Kaushik7 · Bernard Ng8  · 
Elizabeth Chang9 · Ryan Duong2  · Jina Park10 · Gail S. Kerr11 

 Elizabeth Cheng 
 elizabeth.cheng@cuanschutz.edu

 Andreas Reimold 
 Andreas.Reimold@va.gov

 Christian Geier 
 geierc@upstate.edu

 Kavya Ganuthula 
 kavya.ganuthula@ucdenver.edu

 Jessica A. Walsh 
 jessica.walsh@hsc.utah.edu

 Daniel O. Clegg 
 Daniel.Clegg@hsc.utah.edu

 Maureen Dubreuil 
 mudubreui@bu.edu

 Prashant Kaushik 
 prashant.kaushik@va.gov

 Bernard Ng 
 bernardng1@gmail.com

 Elizabeth Chang 
 elizabeth.chang2@va.gov

 Ryan Duong 
 ryan.duong@ucdenver.eud

 Jina Park 
 jina.park@novartis.com

1 Mayo Clinic, 200 First St. SW, Rochester, MN 55905, USA
2 Rocky Mountain Regional Veterans Affairs Medical Center 

and UC Denver SOM, Aurora, CO, USA
3 Dallas VA Medical Center and University 

of Texas-Southwestern, Dallas, TX, USA
4 SUNY Upstate Medical University, Syracuse, NY, USA
5 Salt Lake City Veterans Affairs and University of Utah 

Medical Center, Salt Lake City, UT, USA
6 VA Boston Healthcare System and Boston University School 

of Medicine, Boston, MA, USA
7 Stratton VAMC, Albany, NY, USA
8 VA Puget Sound Healthcare System and of Washington, 

Seattle, WA, USA
9 Phoenix VAHCS, Phoenix, AZ, USA
10 Health Economics and Outcomes Research, Novartis, 

East Hanover, NJ, USA
11 DC VAMC, Georgetown and Howard University, 50 Irving 

ST, NW, Washington, DC 20422, USA

http://orcid.org/0000-0002-1907-0864
http://orcid.org/0000-0002-2971-1485
http://orcid.org/0000-0002-4563-0845
http://orcid.org/0000-0003-1494-2376
http://orcid.org/0000-0002-6253-1515
http://orcid.org/0000-0002-0126-1275
http://orcid.org/0000-0002-3763-6884
http://orcid.org/0000-0002-4930-3235

	Tumor necrosis factor inhibitor (TNFi) persistence and reasons for discontinuation in a predominantly male cohort with axial spondyloarthritis
	Abstract
	Introduction
	Patients and methods
	Statistical analysis

	Results
	Baseline demographics and clinical characteristics
	Predictors of TNFi discontinuation (Table 2)
	TNFi discontinuation rates and comparisons amongst individual TNFi (Fig. 1)
	Reasons for TNFi discontinuation (Fig. 2)
	Predictors of TNFi response (Table 3)

	Discussion
	References




