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ABSTRACT

Introduction: The primary goals of treating
ankylosing spondylitis (AS) patients are to
maximize long-term health-related quality of
life through control of symptoms and inflam-
mation, prevention of progressive structural
damage, and preservation of function. The
objective of this study was to describe treatment
patterns (persistence, discontinuations, and
switch) in the 2 years following the initiation of
tumor necrosis factor inhibitors (TNFi) therapy
in AS patients.
Methods: Adult patients with C 2 AS diagnostic
codes (ICD-9: 720.0 and/or ICD-10:M45.x) by a
healthcare provider were included in this ret-
rospective analysis of data from the IBM Mar-
ketScan Commercial Claims database. Patients
who newly initiated a TNFi from 01/01/2009 to
12/31/2013 were indexed on their first TNFi.
Patients were required to have a 1-year pre-in-
dex period free of TNFi and continuous enroll-
ment 1-year pre-index and 2-year post-index.

Patients were excluded if they had C 2 diag-
nostic codes for any of the following condi-
tions: rheumatoid arthritis, juvenile idiopathic
arthritis, psoriatic arthritis, Crohn’s disease,
ulcerative colitis, plaque psoriasis, hidradenitis
suppurativa, or uveitis. Demographic, clinical,
and treatment patterns were analyzed. Treat-
ment patterns included switching to a new
TNFi, discontinuation (C 90-day gap in therapy
without starting a new TNFi), or persistence (no
gaps in therapy C 90 days) during the 2-year
follow-up period. Logistic regression analyses
predicting persistent vs. non-persistent and
switching vs. discontinuation were conducted.
Results: A total of 1372 AS patients (846 males/
526 females) met the inclusion criteria for this
study. Males had a mean age of 44.3 years, while
females had a mean age of 42.3 years. Adali-
mumab was the first biologic for the majority of
patients (44.6% males/43.3% females), followed
by etanercept (40.4% males/41.6% females),
infliximab (10.4% males/10.8% females), goli-
mumab (4.6% males/3.8% females), and cer-
tolizumab pegol (0.0% males/0.4% females).
During the follow-up period, 33.1% of patients
(n = 454) were persistent on their index TNFi,
40.7% (n = 559) discontinued their index TNFi
and did not restart a TNFi, and 26.1% (n = 359)
switched to a second TNFi. Patients prescribed
cDMARDs were more likely to be persistent,
while females and opioid users were less likely
to be persistent on their first TNFi. Among those
that discontinued their first TNFi, 32.8%
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(n = 187) of males and 43.6% (n = 177) of
females switched to a second TNFi.
Conclusions: This study suggests that approxi-
mately 67% of male AS patients and 77% of
female AS patients newly initiating a TNFi do
not remain on the index therapy 2 year post
initiation.
Funding: Eli Lilly and Company.

Keywords: Ankylosing spondylitis; Persistence;
Treatment patterns

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic
immune-mediated inflammatory disease that
predominantly affects the sacroiliac joints and
spine [1]. AS is associated with pain, impaired
health-related quality of life (HRQoL), and dis-
ability [2, 3]. Musculoskeletal features as well as
extra-articular manifestations such as enthesitis,
uveitis, inflammatory bowel disease, and psori-
asis can cause a substantial burden to AS
patients.

Treatment options for AS patients include
physical therapy, nonsteroidal anti-inflamma-
tory drugs (NSAIDs), and biologics such as
tumor necrosis factor inhibitors (TNFi) and
interleukin-17 (IL-17) antagonists [4–10]. The
American College of Rheumatology (ACR),
Spondylitis Association of America (SAA), and
Spondyloarthritis Research and Treatment Net-
work (SPARTAN) recommend physical therapy
plus NSAIDs as a first-line treatment for AS and
biologic therapy for patients that do not
respond to NSAIDs [10]. TNFi have demon-
strated efficacy in the treatment of AS, however
some patients do not respond to treatment
(primary treatment failure) or experience
diminished efficacy over time (secondary treat-
ment failure), while others experience side
effects that require treatment discontinuation
[11].

The purpose of this study was to examine
treatment patterns and therapy modifications
in AS patients that are newly receiving TNFi
therapy. This study also aimed to examine the
characteristics of AS patients that are

persistence and non-persistence (discontinua-
tion and switching) of TNFi therapy.

METHODS

Study Design

This study was an observational, retrospective,
cross-sectional study based on data from the
IBM MarketScan� Research database. The set-
ting for this study was US clinical practice, as
reflected by the insurance claims in the data-
base. IBM Marketscan Commercial, Medicaid
and Medicare-Supplemental Claims database
contains de-identified data on over 50 million
covered lives and capture the continuum of care
in all settings including physician office visits,
hospital stays, and pharmacies. Study variables
were defined in the IBM MarketScan� Research
database using enrollment records and Inter-
national Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM) and Interna-
tional Classification of Disease, 10th Revisions,
Clinical Modification (ICD-10-CM) codes. All
data from the databases are Health Insurance
Portability and Accountability Act (HIPAA)
compliant to protect patient privacy.

AS patients aged 18 and over that had at least
one claim for a TNFi (adalimumab, etanercept,
infliximab, golimumab, or certolizumab pegol)
during the index period (1/1/2009–12/31/2013)
were included in this cohort study. The first
TNFi claim during the study time period was
considered the index period for this study. After
the index date, each patient is then followed for
2 years. If patients did not have at least 2 years
of follow-up, they were excluded from the
study. The final follow-up for this study could
be 12/31/2015. Patients were considered to have
AS if they had at least two diagnostic codes for
AS (ICD-9-CM: 720.0 or ICD-10-CM: M45.x on
any medical claim, either primary diagnosis or
secondary diagnosis) by a physician during the
study period. Patients were excluded if they had
2 ? diagnostic codes for any of the following
conditions: rheumatoid arthritis, juvenile idio-
pathic arthritis, psoriatic arthritis, Crohn’s dis-
ease, ulcerative colitis, plaque psoriasis,
hidradenitis suppurativa, or uveitis. For this
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cohort study, patients had to have continuous
enrollment (medical and prescription) 1 year
pre-index and 2 years post-index. Up to 45 days
of an enrollment gap was allowed (i.e., at least
1050 days of enrollment required). This study
has been performed in accordance with the
ethical standards as laid down in the 1964
Declaration of Helsinki and later amendments.
This study was a retrospective analysis of
administrative claims data and does not contain
any human participants or animals. Thus, per-
mission from a research ethics committee was
not required and formal informed consent was
not obtained. This study was designed and
implemented in accordance with the Guideli-
nes for Good Pharmacoepidemiology Practices
of the International Society for Pharmacoepi-
demiology, the Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) [22] guidelines, and the ethical prin-
ciples laid down in the 1964 Declaration of
Helsinki and its later amendments or compara-
ble ethical standards. This study was a retro-
spective analysis of administrative claims data
and does not contain any human participants
or animals. Thus, this study was exempt from
an institutional review board.

Statistical Analyses

Data from January 1, 2008 to December 31,
2015 was evaluated to determine treatment
patterns (in a 2-year follow-up) of AS patients
initiating on first-line TNFi from 01/01/2009 to
12/31/2013. Treatment patterns included
switching to new TNFi (2 and 3 ? lines), dis-
continuation, OR persistence during follow-up.
Switching was defined as being prescribed a
second (or third) TNFi during the 2-year follow-
up. Given that TNFi are not recommended to be
prescribed in combination, no other criteria
(days overlap, no new script fill) were used to
determine switching. Persistence/discontinua-
tion was defined as a 90-day gap in therapy.
Patients were stratified into the following three
groups (based on the analysis above): (1) per-
sistent on index TNFi, (2) discontinue index
TNFi (switching not allowed), and (3) switch to
a second TNFi during follow-up (but not a

third). Patient demographic characteristics such
as age, gender, geographic region, and insur-
ance type were assessed at baseline (index) in
the overall cohort and the subgroups.

Descriptive summary statistics of patient
demographics and treatment patterns were
conducted for the overall cohort and subgroups.
Categorical variables were analyzed by fre-
quency counts and percentages while continu-
ous variables were analyzed by mean (SD).

Logistic regression analyses predicting per-
sistence vs. non-persistence (switch or discon-
tinuation) during the follow-up period. The
following covariates at index were included in
the logistic regression model: age (continuous);
gender (male or female); and insurance type
(commercial, Medicare-Supplemental, Medi-
caid). In addition, the following covariates
(during the 1-year pre-index period) were also
included in the logistic regression model:
Charlson Comorbidity Index (CCI); emergency
room (ER) visit; inpatient stay; rheumatologist
visit; number of outpatient visits; conventional
DMARD use (sulfasalazine and methotrexate);
opioid use (codeine, oxycodone, hydrocodone,
propoxyphene, dihydrocodeine, fentanyl,
hydromorphone, levorphanol, methadone,
morphine, oxymorphone, tramadol, tapenta-
dol, meperidine, butorphanol, buprenorphine,
nalbuphine, pentazocine); glucocorticoid use
(betamethasone, cortisone, dexamethasone,
hydrocortisone, methylprednisolone, pred-
nisolone, prednisone, triamcinolone); and non-
opioid analgesic use.

RESULTS

Demographics and Baseline
Characteristics

A total of 1374 patients with AS met the inclu-
sion criteria and were included in the analyses.
The majority of patients were male (61.7%) and
the overall mean age was 43.8 years. Males had
a mean age of 44.3 years, while females had a
mean age of 42.3 years. The largest percentage
of patients were receiving commercial insurance
(91.3%) (Table 1).
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Persistence, Discontinuation,
and Switching Patterns

Adalimumab was the index biologic for 44.1%
of patients, followed by etanercept (40.9%),
infliximab (10.6%), golimumab (4.3%), and
certolizumab pegol (0.1%) (Fig. 1). During the
2-year follow-up period, 33.1% of patients
(n = 454) were persistent on their index TNFi,
while 40.7% (n = 559) discontinued their index

TNFi and did not restart a TNFi, and 26.1%
(n = 359) switched to a second TNFi. Among the
patients who started a second TNFi, 20.1%
(n = 72) went on to start a third TNFi (Fig. 2).
From 2009 to 2013, the proportion of new TNFi
users initiating a second TNFi increased over
time from 25.2 to 28.8% (average for all
4 years = 26.2%).

Patients prescribed cDMARDs were more
likely to be persistent on their index TNFi, while

Fig. 1 Persistence and non-persistence of index TNF inhibitor therapy
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Table 1 Baseline patient characteristics

Variable Overall (N = 1372) Persistent (n = 454) Discontinued (N = 559) Switched (n = 359)

Sex

Male 846 (61.7%) 318 (70.0%) 344 (61.5%) 184 (51.3%)

Female 526 (38.3%) 136 (30.0%) 215 (38.5%) 175 (48.7%)

Age (years)

Mean 43.77 44.62 43.80 42.66

18–24 116 (8.5%) 27 (5.9%) 55 (9.8%) 34 (9.5%)

25–34 231 (16.8%) 75 (16.5%) 90 (16.1%) 66 (18.4%)

35–44 369 (26.9%) 121 (26.7%) 151 (27.0%) 97 (27.0%)

45–54 367 (26.7%) 128 (28.2%) 136 (24.3%) 103 (28.7%)

55–64 230 (16.8%) 82 (18.1%) 96 (17.2%) 52 (14.5%)

65 ? 59 (4.3%) 21 (4.6%) 31 (5.5%) 7 (1.9%)

Insurance

Commercial 1252 (91.3%) 420 (92.5%) 492 (88.0%) 340 (94.7%)

Medicare 69 (5.0%) 24 (5.3%) 29 (5.2%) 7 (1.9%)

Medicaid 51 (3.7%) 10 (2.2%) 38 (6.8%) 12 (3.3%)

Fig. 2 Persistence, discontinuation, and switching patterns of AS patients initiating TNF inhibitors
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females and opioid users were less likely to be
persistent on their first TNFi (Table 2). Females
and non-opioid analgesic users were more likely
to switch to a second TNFi (Table 3).

Gender Comparisons of Persistence,
Discontinuation, and Switching Patterns

Adalimumab was the first TNFi for the majority
of patients (44.6% males/43.3% females), fol-
lowed by etanercept (40.4% males/41.6%
females), infliximab (10.4% males/10.8%
females), golimumab (4.6% males/3.8%
females), and certolizumab pegol (0.0% males/
0.4% females). During the 2-year follow-up
period, 32.6% of males were persistent on their
first TNFi, while only 22.8% of females were
persistent. The majority of male (67.4%) and
female patients (77.2%) discontinued their first
TNFi during the 2-year follow-up period.

Among those that discontinued their first TNFi,
32.8% (n = 187) of males and 43.6% (n = 177) of
females switched to a second TNFi.

DISCUSSION

To our knowledge, this is the first study to
evaluate the persistence, discontinuation, and
switching patterns of AS patients in the United
States newly initiating TNFi therapy during a
2-year follow-up period. Results from this study
highlight the real-world use of a TNFi among
patients with AS and found that over two-thirds
of AS patients in the US either discontinued
their first TNFi or switched to a second TNFi
within 2 years from initiating TNFi therapy.

During the 2-year follow-up period, we
found that 33.1% of AS patients were persistent
on their index TNFi. Previous studies have
evaluated follow-up period of up to 12 months

Table 2 Logistic regression analyses predicting persistent vs. non-persistent to first TNF inhibitor

Regression coefficient Standard error Chi-square Odds ratio (95% CI) p value

Intercept - 0.9700 0.2470 15.4200 \ 0.0001

Gender (female vs. male) - 0.4563 0.1311 12.1186 0.634 (0.49–0.81) 0.0005

Age 0.00974 0.0053 3.3297 1.010 (0.99–1.02) 0.0680

Medicaid - 0.7560 0.4170 3.2873 0.470 (0.20–1.06) 0.0698

Medicare - 0.2249 0.3030 0.5510 0.799 (0.44–1.44) 0.4579

Use of cDMARD 0.2633 0.1333 3.9043 1.301 (1.00–1.69) 0.0482

Use of opioid - 0.4637 0.1226 14.3172 0.629 (0.49–0.80) 0.0002

Table 3 Logistic regression analysis predicting switching TNF inhibitors vs. discontinuing TNF inhibitors

Regression coefficient Standard error Chi-square Odds ratio (95% CI) p value

Intercept - 1.2949 0.1837 49.6609 \ 0.0001

Gender (female) 0.3455 0.1390 6.1792 1.413 (1.076–1.855) 0.0129

Medicaid - 0.8016 0.3670 4.7699 0.449 (0.218–0.921) 0.0290

Medicare - 1.2866 0.4241 9.2061 0.276 (0.120–0.634) 0.0024

Use of cDMARD 0.3034 0.1505 4.0631 1.354 (1.008–1.819) 0.0438

Use of non-opioid analgesics 0.6615 0.1785 13.7264 1.938 (1.366–2.749) 0.0002
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and found that between 34 and 48% of AS
patients were persistent with their index TNFi
for C 12 months [12, 13]. A recent study among
US veterans with AS reported that at approxi-
mately 3 years, persistence for any TNFi was
\25% [14]. These findings are consistent with
the findings of our study that indicate that TNFi
persistence decreases over time.

A total of 66.9% of AS patients discontinued
their index TNFi during the follow-up period in
our study. Among the patients who discontin-
ued their first index TNFi, 39.1% switched to a
second TNFi. Walsh and colleagues [13] found
that of the 59.4% of AS patients that discon-
tinued their index TNFi within 12 months,
21.4% switched to a second TNFi. These results
may be attributed to the differences in our study
follow-up period or reflect differences in the
patient population in the IBM Marketscan
database and the Optum Research database.

In our study, we also found that among AS
patient receiving a second TNFi, 20.1% had
three or more different TNFi prescribed during
the 2-year follow-up period. This confirms that
many AS patients are cycling through TNFi
medications. Since IL-17 inhibitors (IL-17i) were
not available during the time period of this
study, it is not possible to know if switching to
IL-17i would have impacted the treatment pat-
terns observed.

Our study was unique in that we looked at
gender differences in TNFi persistence, discon-
tinuation, and switching patterns among AS
patients in the United States. During the 2-year
follow-up period, approximately one-third
(32.6%) of males were persistent on their first
TNFi, while less than one-fourth (22.8%) of
females were persistent. These findings are
consistent with previous literature indicating
that male sex has been associated with a better
TNFI drug survival [15–18]. Among males who
were non-persistent on their index TNFi,
approximately half (53%) switched to a second
TNFi, while the majority (81%) of females who
were non-persistent on their index TNFi swit-
ched to a second TNFi.

While this study provides insight into the
TNFi treatment patterns of AS patients in the
United States, it is important to note that the
primary purpose of insurance claims data is

administrative and not research. Therefore,
there are limitations to using claims data and
ICD-9 and ICD-10 codes provided for insurance
claims to determine treatment patterns. Medi-
cation use can only be analyzed for prescribed
medication, which means that over-the-counter
medications (such as NSAIDs) would not be
included in this analysis.

Additionally, given that the IBM MarketS-
can� Research population is composed of
patients with commercial, Medicaid, and/or
Medicare supplement insurance; there are
specific groups (uninsured people, military per-
sonnel, and Medicare enrollees without an
employer-sponsored supplement plan) that are
not represented in our analyses. Approximately
one-third of AS patients report disease-related
work disability [19]. Given the limitations of the
database used in this study, unemployed AS
patients would not be included in our analyses
since the majority of patients were commer-
cially insured.

In addition, while our study evaluated pat-
terns of persistence and non-persistence, our
study could not evaluate the potential reasons
for discontinuing or switching treatment.
However, previous studies have reported that
about 30–36% of AS patients discontinued or
switched their TNFi therapy due to adverse
events or lack of treatment effect [12, 17]. Rates
of TNFi persistence and non-persistence may
also differ for patients that have peripheral
manifestations (dactylitis, enthesitis, etc.),
which was not accounted for in this study. It is
not recommended that patients with purely
axial disease be treated with cDMARDs [10],
given this the patients in this study receiving
cDMARDs may represent a subgroup of patients
with peripheral involvement. In addition, sev-
eral studies have shown that when compared to
males, females are less likely to respond to a
TNFi [15, 20, 21]. This lack of response may be
contributing to the discontinuation rates that
we observed among females in our study.

CONCLUSIONS

This study suggests that approximately two-
thirds of AS patients newly initiating on a TNFi
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do not remain on the index TNFi 2-years post
initiation. In this AS population, the proportion
of female patients switching to a second TNFi is
higher than the proportion of male patients.
More work is needed to understand the reasons
for non-persistence and the increasing trend of
second-line TNFi use in this population.
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