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ABSTRACT

Introduction: There is limited information
regarding treatment experience of patients with
axial spondyloarthritis/ankylosing spondylitis
(axSpA/AS) receiving biological disease-modify-
ing antirheumatic drugs (bDMARDs). Here we
characterize patient experiences and perspec-
tives, including satisfaction among those cur-
rently treated with bDMARD therapy for axSpA/
AS. We also assess the use of supplemental
medication during perceived wear-off between
doses.
Methods: Adult participants from the United
States within the ArthritisPower registry with

physician-diagnosed axSpA/AS were invited to
complete electronic patient-reported outcome
measures and an online survey about their
perspectives of treatment. Analysis compared
patient characteristics and treatment satisfac-
tion by whether wear-off in axSpA/AS between
bDMARD doses was reported.
Results: Of 128 patients currently taking a
DMARD, the mean age was 46.9 (10.3) years,
82.0% were female, and 93.8% were White. A
total of 78 (60.9%) perceived wear-off with their
current bDMARD before the next dose, 19
(14.8%) did not experience wear-off and 31
(24.2%) were unsure about wear-off. Mean (s-
tandard deviation [SD]) Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI)
score indicated poor disease control in all
patients receiving bDMARDs (6.4 [1.8]); worse
for those perceiving wear-off between doses
versus those who did not perceive wear-off or
were unsure (6.8 [1.6] vs. 5.9 [2.0], p = 0.011).
Patients experiencing wear-off reported being
‘very satisfied’ or ‘somewhat satisfied’ with their
treatment less frequently than patients without
wear-off (73.1 vs. 89.5%, respectively). Of
patients reporting wear-off, 82.1% (n = 64) used
supplemental medications during wear-off
(non-steroidal anti-inflammatory drugs [68.8%,
n = 44], muscle relaxants [42.2%, n = 27], and/
or opioids [37.5%, n = 24]).
Conclusions: In a predominantly female sam-
ple of bDMARD-treated patients with axSpA/AS
and high disease activity, the majority
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expressed treatment satisfaction. However,
most experienced wear-off between doses and
relied on supplemental medications, including
opioids, to manage symptoms.

Keywords: Axial spondyloarthritis; Ankylosing
spondylitis; Biologics; Efficacy; Satisfaction;
Waning; Wear-off

Key Summary Points

Why carry out this study?

The literature about wear-off between
doses and other reasons for declining
efficacy of biologics in patients with axial
spondyloarthritis (axSpA) or ankylosing
spondylitis (AS) is limited.

In this study, we characterized patient
experiences and perspectives with
biological disease-modifying
antirheumatic drug (bDMARD)
treatments for axSpA/AS, including
satisfaction, and use of supplemental
treatments when patients experienced
symptoms of wear-off between doses in a
predominantly female population.

What was learned from the study?

In a predominantly female sample of
bDMARD-treated patients with axSpA/AS
and high disease activity, the majority
expressed treatment satisfaction.

Most patients experienced wear-off
between doses and relied on supplemental
medications, including opioids, to
manage symptoms.

INTRODUCTION

Axial spondyloarthritis (axSpA), comprising
ankylosing spondylitis (AS) and non-radio-
graphic axSpA (nr-axSpA), is a chronic inflam-
matory rheumatic disease that affects the
sacroiliac joints and spine. AxSpA/AS

commonly begins in patients aged\40 years.
Inflammatory back pain is a common manifes-
tation of the disease [1–3]. In the United States,
the population prevalence of axSpA ranges from
0.9 to 1.4% [4].

The American College of Rheumatology/
Spondylitis Association of America/Spondy-
loarthritis Research and Treatment Network
Recommendation 2019 updates suggest that the
goals of axSpA/AS treatment are to alleviate
symptoms, improve functioning, maintain
work ability, reduce disease complications, and
minimize skeletal damage [5]. However,
patients and physicians often have different
perspectives on the management of axSpA/AS.
While physicians focus more on pain and stiff-
ness, patients may also equally prioritize impact
on work, friends, and family [6, 7]. To optimize
therapy in axSpA, it is important to recognize
individual needs of patients [5].

Biological disease-modifying antirheumatic
drugs (bDMARDs) are known to improve signs
and symptoms in patients with axSpA/AS
[8–12]. Remission or low disease activity are the
main treatment targets for the disease and
indicators of the effectiveness of bDMARDs [13].
To achieve these desired outcomes and main-
tain disease control, bDMARD treatment is
often continued indefinitely in clinical practice
[14]. In addition, despite the appropriate selec-
tion, dosing, and adherence of bDMARDs,
many patients with axSpA/AS discuss changing
their biologics with their physicians [15]. One of
the challenges with biological treatment is
‘wear-off’ between doses, reflecting the experi-
ence of diminished treatment efficacy [16].
Patients with axSpA/AS may experience wear-off
as worsening of symptoms prior to each dose,
which could result in patients using supple-
mental medications to manage signs and
symptoms or requesting changes in their
medication.

The literature regarding wear-off between
doses and other reasons for declining efficacy of
biologics in patients with axSpA/AS is limited.
In this study, we aimed to characterize patient
experiences and perspectives with bDMARD
treatments for axSpA/AS, including satisfaction,
and use of supplemental treatments when
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patients experience symptoms of wear-off
between doses.

METHODS

Study Design and Participants

This was a non-site based, cross-sectional pri-
mary data collection study. Study participants
were recruited from the ArthritisPower registry,
which is a collaboration between the non-profit
Global Healthy Living Foundation and
rheumatology researchers at the University of
Alabama, Birmingham, USA. Launched in 2015,
ArthritisPower comprises members with a self-
reported rheumatic and musculoskeletal disease
diagnosis who have provided consent to par-
ticipate in research studies and provide data via
the ArthritisPower app using a smartphone or
web-based equivalent [17]; the registry’s partic-
ipants governing board approved the study [18].

Participants eligible to enter the study
included members of the ArthritisPower registry
who were residents of the USA or Puerto
Rico C 19 years of age (C 21 for Puerto Rico
residents) with a self-reported physician diag-
nosis of AS or axSpA (as indicated by survey
screening questions), and with access to a
computer or smartphone to complete online
surveys. Participants were sent unique survey
links via e-mail invitation reading, ‘‘Under-
standing AS: What Is Your Experience with
axSpA/AS?’’ and specifying that the goal of the
study was to understand patients’ perspectives
on axSpA/AS symptoms and quality of life, and
their treatment decision-making process. Up to
two e-mail reminders were sent to non-respon-
ders. A total of 2727 eligible members of
ArthritisPower received invitations to partici-
pate in the study. E-mails were opened by 48%
(1321/2727) of those eligible and the registra-
tion link was clicked by 29% of those who saw it
(387/1321).

After consent was obtained, participants
were asked to complete the survey screening
questions and were then directed to the
ArthritisPower app where they responded to five
electronic patient-reported outcome (ePRO)
assessments, followed by an 81-item online

survey developed in partnership with patient
research partners. The survey collected data on
current disease activity via the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI),
which is scored on a 0–10 scale with score C 4
indicating suboptimal control of disease [19].
The survey also included instruments developed
by the National Institutes of Health for the
Patient-Reported Outcomes Measurement
Information System (PROMIS): PROMIS Pain
Interference-computerized adaptive testing
(CAT) version, PROMIS Physical Function-CAT,
PROMIS Sleep Disturbance-CAT, and two one-
item questions adapted from the PROMIS Glo-
bal Health measure: physical health and
depression [20]. PROMIS short forms are con-
sidered reliable measures of disease activity in
axSpA/AS, where higher PROMIS physical
function score indicates better physical func-
tion, whereas higher PROMIS sleep disturbance
or pain interference scores indicate worse out-
come [21].

Information about the participants’ symp-
tom history, family history, medications, and
their perceptions about biologics were captured.
Those participants who reported ever being
treated with a bDMARD were asked questions
about their experience on such treatment and
whether they perceived wear-off between doses.
The survey was programmed using Health
Insurance Portability and Accountability Act-
compliant SurveyMonkey software and took
participants 20–35 min to complete. The study
was reviewed and deemed exempt by Advarra
Institutional Review Board (Advarra IRB proto-
col #00039559).

Statistical Analysis

Descriptive summary statistics of participant
demographics were conducted for the overall
cohort and by treatment subgroup based on
whether a participant was currently on a
bDMARD or not, and on the level of satisfaction
with the current treatment. Categorical vari-
ables were analyzed by frequency counts and
percentages. Continuous variables were ana-
lyzed by mean (standard deviation [SD]), mini-
mum and maximum. Chi-square and analysis of
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variance (ANOVA) tests were used to determine
significant differences in demographic charac-
teristics. Chi-square tests were used to deter-
mine significant differences in treatment
satisfaction by bDMARD wear-off (yes vs. no)
and significance was determined at an alpha of
0.05. Data were analyzed as observed with no
imputation for missing data. Binary logistic
regression analysis was conducted to assess the
factors associated with bDMARD wear-off. All
analyses were done using SAS version 9.4.

RESULTS

Participants and Demographic
Characteristics

A total of 353 members completed the
screener of whom 128 participants were on
bDMARD treatment, met the inclusion crite-
ria, and completed the ePROs and survey.
Overall, the mean (SD) age of 128 participants
was 46.9 (10.3) years, 82.0% were female, and
93.8% were White. Of 128 participants who
used any bDMARD for axSpA/AS, 78 (60.9%)
reported that their current biologic wears off
before the next dose, 19 (14.8%) did not
report a wear-off, and 31 (24.2%) were unsure
of their answer. The mean (SD) age of the
subgroup of 78 participants who reported
wear-off between bDMARD doses was 46.1
(9.2) vs. 48.2 (11.8) for 50 participants who
did not perceive a wear-off between bDMARD
doses or were not sure of the effect
(p = 0.247).

Of 78 participants who experienced a wear-
off between bDMARD doses, 69 (88.5%) were
female; whereas 37 (74.0%) of the remaining 50
participants were female. Other demographic
characteristics by wear-off between bDMARD
doses are presented in Table 1. All 128 partici-
pants receiving bDMARDs reported being diag-
nosed by a physician with a form of
spondyloarthritis. Of those, 111 (86.7%) repor-
ted a diagnosis of AS and 11 (8.6%) reported a
diagnosis of axSpA by a rheumatologist. On
average, these participants experienced a gap of
11 years from when they reported first noticing
axSpA symptoms (mean [SD] age 26.9 [12.2])

and receiving an initial axSpA (or AS) diagnosis
by a physician (mean [SD] age 37.9 [12.1]); the
majority (n = 69; 53.9%) of patients were HLA-
B27 positive (Table 1). Among 78 participants
who experienced wear-off, a significantly
greater number of participants (37 [47.4%])
used conventional synthetic DMARDs (e.g.,
methotrexate, sulfasalazine) as a concurrent
medication versus 18 (36.0%) participants who
did not experience wear-off or were unsure of
their answer (p = 0.202). The participants who
experienced wear-off between doses had worse
mean (SD) BASDAI and PROMIS sleep distur-
bance scores versus those who did not or were
unsure (BASDAI: 6.8 [1.6] vs. 5.9 [2.0]:
p = 0.011; PROMIS Sleep Disturbance: 61.2 [7.7]
vs. 57.6 [9.3]: p = 0.017) (Table 1). We also
conducted a logistic regression analysis to assess
the variables associated with bDMARD wear-off
(Supplementary Table S1). The variables for
improvement in axSpA symptoms
(axSpASymptomsImp), age of symptom onset
(AgeSymptomsStart), and no positive HLA-B27
test (noHLA) were statistically significant
(p = 0.0161, 0.0284, and 0.0195, respectively),
and being female, although positively corre-
lated with DMARD wear-off, was not statisti-
cally significant (p = 0.0660).

Treatment Satisfaction by Wear-Off
Between Doses of Biologics

Among all 78 participants who experienced
wear-off, 13 (16.7%) were ‘very satisfied’, 44
(56.4%) were ‘somewhat satisfied’, 16 (20.5%)
were ‘somewhat dissatisfied’, and 5 (6.4%)
were ‘very dissatisfied’ with their current
axSpA treatment (Fig. 1). Out of 19 partici-
pants who did not experience wear-off, 0 were
‘very dissatisfied’, 9 (47.4%) were ‘somewhat
satisfied’, 8 (42.1%) were ‘very satisfied’, 2
(10.5%) were ‘somewhat dissatisfied’ (Fig. 1).
In both of the groups, the majority of the
patients were either ‘very satisfied’ or ‘some-
what satisfied’. However, in the group that did
not experience wear-off, more than 90%
patients were either ‘very satisfied’ or ‘some-
what satisfied’ (p = 0.077).
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Table 1 Demographic and clinical characteristics by wear-off between bDMARD doses (N = 128)

Mean (– SD) or n (%)

Pts currently on
bDMARD
(N = 128)

Wear-off between
bDMARD doses
(N = 78)

No wear-off/
not sure
(N = 50)

p value

Age 46.9 (10.3) 46.1 (9.2) 48.2 (11.8) 0.247

Female 106 (82.8) 69 (88.5) 37(74.0) 0.034*

White 115 (89.8) 70 (89.7) 45 (90.0) 0.963

Body mass index 30.9 ± 7.8 31.2 ± 8.5 30.4 ± 6.6 0.575

Addition of current medications to bDMARD

Conventional synthetic DMARD (e.g.,

methotrexate, sulfasalazine)

55 (43.0) 37 (47.4) 18 (36.0) 0.202

Prescription NSAID 59 (46.1) 39 (50.0) 20 (40.0) 0.268

Other prescription medicationa 89 (69.5) 56 (71.8) 33 (66.0) 0.487

Noticed improvement in symptoms related to

axSpA since starting current bDMARD

80 (62.5) 51 (65.4) 29 (58.0) 0.400

Noticed improvement in symptoms NOT

related to axSpA since starting current

bDMARD

40 (31.3) 22 (28.2) 18 (36.0) 0.353

Age first noticed symptom of axSpA 26.9 (12.2) 24.1 (11.4) 31.3 (12.2) 0.001*

Age at diagnosis of axSpA 37.9 (12.1) 36.8 (12.2) 39.6 (11.8) 0.197

Diagnosis of AS by physician 111 (86.7) 69 (88.5) 42 (84.0) 0.468

Diagnosis of axSpA by physician 11 (8.6) 7 (9.0) 4 (8.0) 0.848

Ever received positive HLA-B27 test 69 (53.9) 38 (48.7) 31 (62.0) 0.141

BASDAIb 6.4 ± 1.8 6.8 ± 1.6 5.9 ± 2.0 0.011*

PROMIS pain interferencec 65.3 ± 5.7 66.0 ± 5.1 64.3 ± 6.4 0.094

PROMIS physical functionc 36.7 ± 5.6 36.1 ± 5.3 37.7 ± 5.8 0.108

PROMIS sleep disturbancec 59.8 ± 8.5 61.2 ± 7.7 57.6 ± 9.3 0.017*

AS ankylosing spondylitis, axSpA axial spondyloarthritis, BASDAI Bath Ankylosing Spondylitis Disease Activity Index,
bDMARD biological disease-modifying antirheumatic drugs, NSAID non-steroidal anti-inflammatory drugs, PROMIS
Patient-Reported Outcomes Measurement Information System, SD standard deviation
*Statistical significance between groups of patients who experienced wear-off between bDMARD doses and those who
experienced no wear-off or were not sure, p\ 0.05
aOther prescription medications: muscle relaxers, nerve pain medications or anti-depressants, and opioids
bBASDAI is scored on a 0–10 scale with score C 4 indicating suboptimal control of disease
cPROMIS measures use T-score metric in which 50 is mean, 10 is standard deviation (SD) of US population; higher
T-score = more of concept measured; higher PROMIS physical function scores indicate better physical function, whereas
higher PROMIS sleep disturbance or pain interference scores indicate worse outcome
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bDMARDs Currently Taken by Patients

Of the 128 participants receiving bDMARDs
(adalimumab [n = 40]; infliximab [n = 18];
etanercept [n = 16]; certolizumab [n = 14]; goli-
mumab [n = 12]; secukinumab [n = 28]), the
majority reported wear-off between doses
(adalimumab [58%]; infliximab [83%]; etaner-
cept [50%]; certolizumab [50%]; golimumab
[83%]; secukinumab [57%]) (Fig. 2). The pro-
portion of participants with the order in which
they received bDMARDs is presented in Sup-
plementary Table S1. A total of 62.5% (25 out of
40) participants received adalimumab as their
first bDMARD.

Additional Medications or Supplements
Used When bDMARD Wear-Off is
Perceived

Of 78 participants who experienced wear-off
between bDMARD doses, 64 participants used
additional medications and supplements to
mitigate the symptoms. A total of 44 (68.8%)
participants used non-steroidal anti-inflamma-
tory drugs (NSAIDs), 27 (42.2%) used muscle
relaxants, 24 (37.5%) used opioids, and 19

(29.7%) used nerve pain medications and anti-
depressants. Other supplemental medication
used by some participants included cannabi-
noids (21.9%), steroids (20.3%), alcohol
(15.6%), and others (7.8%) (Fig. 3).

Health Status and Disease Activity

The mean PROMIS pain interference (66.0 vs.
62.7; p = 0.022) and sleep disturbance (61.2 vs.
56.3; p = 0.017) scores were significantly
greater in participants who perceived wear-off
versus those who did not (n = 19). Physical
function scores were significantly lower in
participants who perceived a wear-off versus
those who did not (36.1 vs. 39.2; p = 0.029)
(Fig. 4). In patients experiencing versus not
experiencing wear-off, the mean (SD) scores
for Depression (2.6 vs. 2.9; p = 0.191) and
Global Health (2.0 vs. 2.5; p = 0.065) were not
statistically significant. The mean (SD) BASDAI
score was significantly greater in participants
who perceived wear-off versus those who did
not (6.8 vs. 5.3; p = 0.001) (Fig. 4).

Fig. 1 Patient satisfaction with axSpA treatment by wear-
off between bDMARD doses. No statistical significance
between groups of patients who experienced wear-off
between bDMARD doses and those who experienced no

wear-off or were not sure, p\ 0.05. axSpA axial spondy-
loarthritis, bDMARD biological disease-modifying anti-
rheumatic drugs
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DISCUSSION

This is a real-world, cross-sectional, survey-
based study in a predominantly female popu-
lation. The mean age of patients with axSpA/AS
in our study (reporting wear-off and no wear-off
between bDMARD doses) was 46 and 48 years,
respectively, with most patients reporting high
disease activity across all subgroups, which is
similar to other existing reports [22, 23]. We
found that most patients experienced treatment
satisfaction with bDMARDs, despite high dis-
ease activity. In addition, the majority of
patients perceived wear-off between doses of
their bDMARD treatment and opted to use
supplemental medications, predominantly
NSAIDs and muscle relaxants, to manage their
symptoms during wear-off. We found that
variables for improvement of axSpA symptoms,
pre-adult onset of axSpA symptoms, lack of
positive HLA-B27, and being female were posi-
tively associated with dose wear-off. However,
wear-off may not be possible in patients who
truly do not experience any improvement in

axSpA symptoms, but patients’ interpretation of
symptom improvement may be variable.

Real-world data on patient treatment satis-
faction in axSpA/AS are limited, and very little is
known about the influence of biologic wear-off
on patient satisfaction. Results from a multi-
center observational study in an Italian cohort
suggested that patients with axSpA/AS reported
higher treatment satisfaction versus patients
with nr-axSpA with bDMARDs [24]. A previous
online survey-based study showed that, overall,
patients with axSpA/AS were satisfied with their
rheumatology care; however, unmet needs were
also reported, despite 43% of patients reporting
use of biologics [25]. These findings suggest that
many patients have favorable experiences with
bDMARDs, but bDMARDs may be insufficient
for a sizable percentage of axSpA/AS patients.
Our study findings suggest that wear-off
between doses substantially impairs
satisfaction.

Results from another cross-sectional study by
the European Map of axSpA/AS mentioned that
understanding the patient’s perspective can

Fig. 2 Percentage of patients reporting that their current biologic wears off before the next dose
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improve both health outcomes and shared
decision-making between patients and
rheumatologists [26]. Although many studies
report a loss of efficacy or response with
bDMARDs [27], to our knowledge, none of the
studies discuss the waning efficacy between
biologic doses as perceived by patients with
axSpA/AS. This study demonstrates that wear-
off between doses is common, and that patients
experiencing wear-off frequently used supple-
mental medications to manage symptoms dur-
ing wear-off. The association of wear-off with
unfavorable patient outcomes (i.e., sleep dis-
turbance, increased disease activity) suggests
that wear-off negatively impacts patients’ lives.

This study has several strengths. To our
knowledge, it is the first real-world study in
patients with axSpA/AS from the USA to have
quantified wear-off of biologic efficacy between
doses as one of the plausible reasons for
changing axSpA/AS treatment or using supple-
mental medications to manage the signs and
symptoms. This study adds important insight

into the perspective and experience of patients
regarding axSpA/AS treatment, especially
women living with axSpA/AS and experiencing
high disease activity.

The findings of our study must be inter-
preted in the context of some limitations of a
survey-based design. Since this is a cross-sec-
tional study, it is challenging to completely
establish any cause–effect relationship. Patient
perspectives may be subject to patients’ bias and
experience. Participants in the study are part of
an online registry and patient community; they
may be more likely to take part regularly in
research studies, and thus may have had a
greater interest in managing their disease. There
is also potential for selection bias. Although
axSpA/AS is typically considered to be a male-
dominant disease [28], 82.8% of our study was
female, perhaps indicating that women are
typically more active online for such topics.
Another contributing factor to a higher female
population in our study is patient recruitment
through the ArthritisPower registry, in which

Fig. 3 Additional medications or supplements used when
bDMARD wear-off is perceived (N = 64). �Ibuprofen/
Advil�/Motrin�, naproxen/Aleve�, celecoxib/Celebrex�,
meloxicam/Mobic�, diclofenac/Voltaren�, etc. �Cariso-
prodol/Soma�, chlorzoxazone/Parafon Forte�/Lorzone�,
cyclobenzaprine/Fexmid�/Flexeril�/Amrix�, metaxalone/

Skelaxin�/Metaxall�, etc. §Oxycodone/OxyContin�,
hydrocodone/Vicodin�, codeine, morphine. }Gabapentin,
pregabalin/Lyrica�, duloxetine/Cymbalta�. |Prednisone,
methylprednisolone betamethasone, hydrocortisone, etc.
bDMARD biological disease-modifying antirheumatic
drugs, NSAID non-steroidal anti-inflammatory drugs
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88% of the population is female. Therefore, this
study population is not representative of the
general patient population with axSpA/AS. The
study relied on patients’ self-report of physi-
cian diagnosis of axSpA/AS, which may have
under- or overrepresented symptoms, and pro-
vider confirmation of diagnosis was not
obtained.

CONCLUSIONS

In summary, the majority of bDMARD-treated
patients with axSpA/AS expressed satisfaction
with treatment, despite relatively high disease
activity. However, most patients experienced
wear-off between doses and used supplemental
medications to manage the symptoms. This
study may be used to inform future efforts to
better understand the impact of wear-off on

patients’ lives and to develop strategies for
addressing wear-off.
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