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ABSTRACT

Introduction: Patients with psoriatic arthritis
(PsA) who receive an initial tumor necrosis fac-
tor inhibitor (TNFi) may switch to another TNFi
or a non-TNFi biologic therapy. This study
compared the healthcare resource use (HRU),
expenditures, and time to discontinuation
among TNFi-experienced patients with PsA who
switched to different biologic therapies in the
United States (US).
Methods: Adults with PsA who discontinued an
initial TNFi (adalimumab, etanercept, inflix-
imab, golimumab, or certolizumab pegol) and
switched to another TNFi or a non-TNFi
(ustekinumab or secukinumab) were identified
in the Symphony Health Solutions database
[Quarter (Q)1 2010–Q2 2017]. Eligible patients
had claims data activity for C 12 months before
(baseline) and after (study period) the switching
date. All-cause HRU, costs (2017 US dollars),
and time to discontinuation during the study
period were compared between patients
switching to another TNFi vs. a non-TNFi

(index drug). Multivariable regression models
adjusted for baseline covariates (index year, age,
sex, initial TNFi, comorbidities, baseline HRU,
and PsA-related treatment history).
Results: Of 2107 patients switching to another
TNFi and 253 switching to a non-TNFi, adali-
mumab and etanercept were the most common
initial TNFi in both cohorts. During the study
period, patients switching to another TNFi had
significantly fewer dermatologists visits (0.43;
p\0.01) but more rheumatologist visits (1.56,
p\0.01) than patients switching to a non-
TNFi. Patients switching to another TNFi vs. a
non-TNFi incurred significantly lower total
average healthcare expenditures (adjusted dif-
ference: $17,625; p\0.01), driven by lower
prescription drug (adjusted difference: $17,172;
p\0.01) and hospitalization expenditures (ad-
justed difference: $5772; p = 0.04). Patients who
switched to another TNFi vs. a non-TNFi con-
tinued on their index therapy significantly
longer (median time to discontinuation: 8.31
vs. 5.68 months; log-rank p\0.01).
Conclusions: Patients with PsA who switched
to another TNFi had lower total healthcare
expenditures and longer persistence compared
with patients who switched to a non-TNFi
biologic.
Funding: AbbVie.
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discontinuation; Tumor necrosis factor
inhibitor

INTRODUCTION

Psoriatic arthritis (PsA) is a chronic and pro-
gressive form of inflammatory arthritis associ-
ated with psoriasis [1, 2]. The overall prevalence
of PsA in the general population is approxi-
mately 133 per 100,000 people [3], although
estimates have varied depending on location
and disease definitions, and it affects men and
women approximately equally [4, 5]. Symptoms
of PsA include inflammation, pain, and stiffness
in the joints, and may result in significant,
permanent joint damage, disability, reduced
quality of life, or increased work-related issues
[2, 6, 7].

Multiple options are available for the treat-
ment of active PsA, including nonsteroidal anti-
inflammatory drugs (NSAIDs), conventional
synthetic disease-modifying anti-rheumatic
drugs (DMARDs), and biologic therapies such as
tumor necrosis factor-a inhibitors (TNFi; e.g.,
adalimumab, certolizumab pegol, etanercept,
golimumab, and infliximab) [8, 9]. Recently,
additional new therapies for PsA have been
introduced to the market, including an oral
phosphodiesterase 4 inhibitor (i.e., apremilast)
[10] and targeted immunomodulators that
interact with pathways other than TNF-a (e.g.,
abatacept, ixekizumab, secukinumab, ustek-
inumab, and tofacitinib) [11–14]. The overall
goals of treatment are to control inflammation,
reduce pain and discomfort, and prevent joint
degeneration and disability [15].

In November 2017, the American College of
Rheumatology (ACR) and National Psoriasis
Foundation (NPF) issued draft guidelines for the
treatment of active PsA that support the pre-
ferred use of TNFi among treatment-naı̈ve
patients [16]. Additionally, these guidelines
favor the sequential use of a second TNFi over
other biologic options in patients with an
inadequate response to their initial TNFi. These
draft recommendations are noted to be condi-
tional based on a low threshold of evidence.
Reddy et al. performed a systematic literature
review on the real-world effectiveness of

subsequent TNFi in refractory PsA and reported
18 eligible studies, with a general trend of
decreasing effectiveness in later lines [9]. This
finding is also confirmed in a 2017 literature
review by Costa et al. [17]; however, the number
of included studies was also low. To date, there
have been no studies assessing the economic
impact of switching from an initial TNFi to an
alternative TNFi or non-TNFi biologic in PsA.

To address this gap in the literature, the
present analysis aimed to compare the all-cause
and PsA-related healthcare resource utilization
(HRU) and expenditures of patients with PsA
who discontinued their initial TNFi and swit-
ched to another TNFi or a non-TNFi biologic
using a large United States (US)-based claims
database. In addition, this study compared the
time to discontinuation of second treatment
among patients with PsA who discontinued the
initial TNFi and switched to another TNFi vs. a
non-TNFi biologic.

METHODS

Data Source

The data for this analysis were derived from the
Symphony Health Solutions database (Q1
2010–Q2 2017), an insurance claims database
that covers a range of payment types (e.g., cash,
Medicaid, Medicare, and commercial insurance
payments) and is representative of the demo-
graphics of the US in terms of age and sex dis-
tribution. This database links healthcare data
for about 274 million people of the US popula-
tion from three basic sources: pharmacy point-
of-service sales, switch/network (clearing house)
transactions, and additional direct prescrip-
tions, medical, and hospital claims data feeds
[18]. The database reflects pharmacy claims in
all stages of processing, submitted medical
claims, and includes physician National Provi-
der Identifier numbers for the prescribing
physician. Expenditure information for each
pharmacy claim was estimated through linking
the appropriate identification code in the claim
to external source on medical charges (e.g.,
average wholesale price [AWP] [19, 20]).
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All data collected from the database are de-
identified in compliance with the patient con-
fidentiality requirement of the Health Insurance
Portability and Accountability Act (HIPAA) and
the Helsinki Declaration. Thus, no institutional
board review was required.

Study Population

Inclusion Criteria
Sample selection criteria are described in Fig. 1.
Patients with PsA who switched from an initial
TNFi (adalimumab, etanercept, infliximab,
golimumab, or certolizumab pegol) to a second
TNFi or non-TNFi were included in the analysis.
Eligible second TNFi therapies included adali-
mumab, etanercept, infliximab, golimumab, or
certolizumab pegol, while non-TNFi biologics
included ustekinumab or secukinumab. The
date of the first prescription fill for this second
agent (after January 1, 2012) was the index date.
The biologic prescribed on this date was the
index drug. Specifically, patients were included
in the analysis if they: (1) were aged C 18 years
as of the index date (defined below), (2) had
continuous claims data activity (defined as C 1
pharmacy claim or C 1 medical claim every
3 months in the prescription drug database or
medical database) during the 12-month period
prior to the index date (baseline period) and
during the 12-month period following the
index date (study period), and (3) had C 2 diag-
noses of PsA identified using International Sta-
tistical Classification of Diseases (ICD), 9th/
10th edition (ICD-9 and ICD-10) codes 696.0
and L40.5, respectively, on distinct days. In
addition, patients were required to have C 2
prescription fills for a TNFi on or after the first
observed diagnosis of PsA with a continuous
treatment course of at least 28 days. The first
TNFi that met this criterion was defined as the
initial TNFi. The first prescription of the initial
TNFi was required to occur after the US Food
and Drug Administration (FDA) approval date
for treating PsA with the specific agent. Eligible
patients also had C 2 prescription fills for a
biologic different from the initial TNFi within
30 days before to 60 days after the discontinu-
ation date of initial TNFi treatment, and after

the FDA approval date for the specific agent.
Eligible patients were divided into two cohorts:
patients switching to a non-TNFi and those
switching to another TNFi.

Exclusion Criteria
Patients were excluded from the analysis if they
had: (1) any prescription for any targeted
treatment (i.e., TNFi, non-TNFi, or apremilast)
indicated for PsA before the first claim of the
initial TNFi; (2) any use of the index drug before
the index date; (3) more than one switched-to
drug on the index date; or (4) any diagnoses of
rheumatoid arthritis, ankylosing spondylitis,
Crohn’s disease, ulcerative colitis, or non-in-
fectious uveitis before the index date.

Study Outcomes

Demographics (i.e., age, sex, year of the index
date) were measured as of the index date, and
Charlson Comorbidity Index (CCI) [21], PsA-
related treatment history, HRU, and medical
service expenditures were measured during the
baseline period.

All-cause and PsA-related HRU (defined as
claims for medical services associated with a
diagnosis for PsA) were measured during the
study period. The number of inpatient admis-
sions (including total length of stay), outpatient
visits (dermatologist, rheumatologist, and other
outpatient visits), emergency room (ER) visits,
and other visits (including lab tests, home
health, etc.) were recorded. In addition, mean
all-cause healthcare expenditures were mea-
sured during the study period (in 2017 USD)
and included prescription drug expenditures
(e.g., those associated with and not associated
with the index drug) and medical services
expenditure.

Time to discontinuation, defined as a gap
of C 60 consecutive days with no medication
supply (i.e., no fills of the index drug in the
60 days following the last day of supply of the
index drug), was also measured. Patients were
followed until treatment discontinuation or
end of claims data activity (defined as the date
of the last medical or drug claim in the database
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Fig. 1 Sample selection. FDA United States Food and Drug Administration, PsA psoriatic arthritis, TNFi tumor necrosis
factor inhibitor. *Patients (N = 231) who switched to apremilast after the initial TNFi were excluded from the analysis
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for a particular patient), whichever occurred
first.

Data Analysis

Patient characteristics, comorbidities, all-cause
HRU, and expenditures during the baseline
period were summarized using descriptive
statistics. Categorical baseline characteristics
were compared using Chi-squared tests, and
continuous baseline characteristics were com-
pared using Wilcoxon rank-sum tests.

For HRU during the study period, unadjusted
and adjusted incidence rate ratios (IRR) with
95% confidence intervals (CI) for all-cause and
PsA-related HRU rates, including inpatient
admissions and outpatient, ER, and other visits,
were estimated using negative binomial regres-
sion models. For binary HRU variables, odds
ratios (OR) were estimated using logistic
regression models.

Unadjusted all-cause and PsA-related
healthcare expenditures, including medical and
pharmacy expenditures, were compared using
Wilcoxon rank-sum tests. Adjusted expendi-
tures were estimated using a generalized linear
model with Tweedie distribution.

Kaplan–Meier analysis was used to describe
time to discontinuation between patients who
switched to another TNFi and patients who
switched to a non-TNFi biologic, and adjusted
hazard ratios (HR) were estimated using Cox
proportional hazards models. Covariates in the
adjusted models included age, sex, year of index
date, CCI, non-biologic DMARDs, systemic
corticosteroids and pain medication received
during baseline period, initial TNFi agent,
number of all-cause inpatient admissions dur-
ing baseline period, and number of all-cause ER
visits during the baseline period.

All statistical analyses were conducted in SAS
(version 9.4), and statistical significance was set
at p\0.05.

RESULTS

Of 2591 eligible patients with PsA who discon-
tinued their initial TNFi, 2107 switched to a
different TNFi and 253 switched to a non-TNFi

biologic (Fig. 1). The most frequently switched-
to TNFi biologics were adalimumab (45.4%) and
etanercept (34.2%), while ustekinumab (86.6%)
was the most frequently switched-to non-TNFi
biologic. During the baseline period, the
cohorts’ distributions of age (mean, 50.09
[TNFi] vs. 51.35 years [non-TNFi]), sex (54.5 vs.
60.3% female, respectively), and CCI (mean
[standard deviation (SD)]: 0.31 [0.79] vs. 0.39
[0.83]) were similar (Table 1).

Adalimumab (42.2 [TNFi] vs. 61.3% [non-
TNFi]; p\0.05) and etanercept (48.2 vs. 26.9%,
respectively; p\0.05) were the most common
initial TNFis in both cohorts. Patients switching
to another TNFi had higher use of non-biologic
DMARDs (58.4% vs. 46.2%, respectively), sys-
temic corticosteroids (57.7 vs. 48.6%), and pain
medications (71.9 vs. 65.6%; all p\0.05) at
baseline compared with those switching to a
non-TNFi. During the baseline period, HRU and
expenditures were not significantly different
between patients switching to another TNFi and
those switching to a non-TNFi (Table 2). The
percentages of patients with any inpatient
admission were 6.9% for patients who switched
to another TNFi and 8.3% for those who swit-
ched to a non-TNFi biologic; the percentages
with outpatient visits were 10.0 and 9.2%,
respectively. The mean (SD) total all-cause
medical services expenditures during the base-
line period were $13,307 ($38,691) and $16,240
($35,374) for patients who switched to another
TNFi or non-TNFi biologic, respectively. The
difference between the two cohorts in baseline
all-cause medical services expenditures was not
statistically significant.

During the study period, patients who swit-
ched to another TNFi had numerically fewer all-
cause inpatient admissions (adjusted IRR [95%
CI] 0.85 [0.51, 1.40]; p = 0.52) and shorter hos-
pitalization days (0.63 [0.30, 1.30]; p = 0.21)
compared with those who switched to non-
TNFi, although the differences were not statis-
tically significant (Table 3).

The numbers of all-cause ER (adjusted IRR
[95% CI] 0.97 [0.66, 1.41]; p = 0.87) and other
visits (0.94 [0.71, 1.24]; p = 0.64) were compa-
rable between the two cohorts. However,
patients switching to another TNFi had signifi-
cantly fewer all-cause dermatologists visits
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(adjusted IRR [95% CI] 0.43 [0.28, 0.66];
p\0.01), but more all-cause rheumatologist
visits (1.56 [1.22, 2.00]; p\ 0.01) than patients
switching to a non-TNFi (Table 3). Similar
results were observed in the analysis of PsA-re-
lated HRU among the two cohorts. Patients
switching to another TNFi had significantly
more PsA-related outpatient visits (adjusted IRR
[95% CI] 1.34 [1.11, 1.60]; p\0.01) and
rheumatologist visits (1.53 [1.19, 1.98];
p\0.01) than patients switching to a non-TNFi
(Table 4). All other categories of PsA-related
HRU during the study period were similar
between the cohorts.

During the study period, patients switching
to another TNFi incurred significantly lower
total all-cause healthcare expenditures com-
pared with patients who switched to a non-TNFi
biologic (mean expenditures: $69,588 [TNFi] vs.
$84,225 [non-TNFi]; adjusted difference:
$17,625; p\0.01) (Fig. 2). This difference was
primarily driven by lower prescription drug
expenditures (adjusted difference: $17,172;
p\0.01), particularly with regards to the
expenditures for the index drug (mean expen-
ditures: $40,468 [TNFi] vs. $57,963 [non-TNFi]).
The total all-cause medical service expenditures
were comparable between the cohorts (adjusted

Table 1 Patient baseline characteristics and treatment history

Characteristics TNFi Non-TNFi biologic
N = 2107 N = 253

Age, mean (SD) 50.09 (11.53) 51.35 (11.75)

Female, n (%) 1270 (60.3%) 138 (54.5%)

Year of index date, n (%)

2012 428 (20.3%) –

2013 510 (24.2%) 19 (7.5%)*

2014 456 (21.6%) 72 (28.5%)*

2015 496 (23.5%) 79 (31.2%)*

2016 217 (10.3%) 83 (32.8%)*

CCI, mean (SD) 0.31 (0.79) 0.39 (0.83)

Initial TNFi agent, n (%)

Adalimumab 890 (42.2%) 155 (61.3%)*

Etanercept 1015 (48.2%) 68 (26.9%)*

Infliximab 114 (5.4%) 16 (6.3%)

Golimumab 64 (3.0%) 11 (4.3%)

Certolizumab pegol 24 (1.1%) 3 (1.2%)

Other PsA-related treatments during baseline period, n (%)

Non-biologic DMARDs 1230 (58.4%) 117 (46.2%)*

Systemic corticosteroids 1216 (57.7%) 123 (48.6%)*

Pain medications 1515 (71.9%) 166 (65.6%)*

CCI Charlson Comorbidity Index, DMARD disease-modifying anti-rheumatic drug, PsA psoriatic arthritis, SD standard
deviation, TNFi tumor necrosis factor inhibitor
*p\ 0.05
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difference: $141; p = 0.97), although patients
switching to another TNFi had significantly
lower expenditures for all-cause inpatient
admissions compared with those switching to a

non-TNFi (adjusted difference: $5772; p = 0.04).
All-cause healthcare expenditures for ER, out-
patient, and other services were comparable
between the cohorts.

Table 2 HRU and healthcare costs (2017 USD) during the 12-month baseline period

TNFi Non-TNFi biologic
N = 2107 N = 253

Total all-cause HRU during the baseline period

Any inpatient admission, n (%) 146 (6.9%) 21 (8.3%)

Number of inpatient admissions, mean (SD) 0.09 (0.38) 0.10 (0.35)

Number of outpatient visits, mean (SD) 10.10 (10.00) 9.74 (9.18)

Number of emergency room visits, mean (SD) 0.25 (0.83) 0.26 (0.85)

Other visits, mean (SD) 1.36 (2.71) 1.70 (3.36)

Total all-cause medical service costs during the baseline period, mean (SD) 13,307 (38,691) 16,240 (35,374)

Inpatient stays costs 1880 (17,690) 3123 (18,763)

Outpatient visits costs 10,322 (32,199) 10,861 (26,852)

Emergency room visits costs 311 (1194) 303 (1057)

Other visits costs 793 (3580) 1953 (11,971)

HRU health resource utilization, SD standard deviation, TNFi tumor necrosis factor inhibitor, USD United States dollars

Table 3 All-cause HRU during the 12-month study period stratified by TNFi and non-TNFi biologic users

Healthcare resource TNFi Non-TNFi biologic Unadjusted comparison Adjusted comparison
N = 2107 N = 253

Numbers of events per patient per year IRR (95% CI) P IRR (95% CI) P

Inpatient admissions 0.14 0.14 1.02 (0.62, 1.67) 0.94 0.85 (0.51, 1.40) 0.52

Inpatient days 0.53 0.58 0.92 (0.45, 1.87) 0.81 0.63 (0.30, 1.30) 0.21

Outpatient visits 9.83 8.67 1.13 (0.99, 1.30) 0.07 1.08 (0.95, 1.24) 0.25

Dermatologist 0.52 1.04 0.50 (0.33, 0.76) \ 0.01* 0.43 (0.28, 0.66) \ 0.01*

Rheumatologist 2.24 1.30 1.72 (1.35, 2.19) \ 0.01* 1.56 (1.22, 2.00) \ 0.01*

Other visits 7.07 6.33 1.12 (0.95, 1.31) 0.18 1.09 (0.93, 1.28) 0.30

Emergency room visits 0.26 0.25 1.04 (0.70, 1.54) 0.84 0.97 (0.66, 1.41) 0.87

Other visits 1.33 1.62 0.82 (0.63, 1.08) 0.16 0.94 (0.71, 1.24) 0.64

Any use (% of patients) OR (95% CI) P OR (95% CI) P

Any inpatient admission 9.3% 9.9% 0.94 (0.60, 1.45) 0.77 0.91 (0.57, 1.47) 0.70

CI confidence interval, HRU health resource utilization; IRR incidence rate ratio, OR odds ratio, TNFi tumor necrosis
factor inhibitor
*p\ 0.05
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With regards to PsA-related healthcare
expenditures during the study period, patients
switching to another TNFi had significantly

lower total PsA-related healthcare expenditures
(mean expenditures: $59,261 [TNFi] vs. $70,882
[non-TNFi]; adjusted difference: $13,375;

Table 4 PsA-related HRU during the 12-month study period stratified by TNFi and non-TNFi biologic users

Healthcare resource TNFi Non-TNFi biologic Unadjusted comparison Adjusted comparison
N = 2107 N = 253

Numbers of events per patient per year IRR (95% CI) P IRR (95% CI) P

Inpatient admissions 0.04 0.04 1.08 (0.48, 2.42) 0.85 0.76 (0.33, 1.76) 0.53

Inpatient days 0.20 0.15 1.32 (0.37, 4.75) 0.67 0.96 (0.24, 3.87) 0.96

Outpatient visits 3.21 2.14 1.50 (1.25, 1.79) \ 0.01* 1.34 (1.11, 1.60) \ 0.01*

Dermatologist 0.11 0.17 0.62 (0.28, 1.42) 0.26 0.75 (0.32, 1.75) 0.50

Rheumatologist 1.94 1.18 1.65 (1.29, 2.10) \ 0.01* 1.53 (1.19, 1.98) \ 0.01*

Other outpatient visits 1.16 0.79 1.46 (1.10, 1.95) 0.01* 1.26 (0.94, 1.69) 0.13

Emergency room visits 0.03 0.02 1.46 (0.56, 3.84) 0.44 1.14 (0.42, 3.06) 0.80

Other visits 0.31 0.23 1.37 (0.84, 2.23) 0.21 1.41 (0.85, 2.34) 0.19

Any use (% of patients) OR (95% CI) P OR (95% CI) P

Any inpatient admission 3.2% 3.2% 1.01 (0.48, 2.12) 0.99 0.87 (0.39, 1.92) 0.72

CI confidence interval, HRU health resource utilization, IRR incidence rate, OR odds ratio, PsA psoriatic arthritis, TNFi
tumor necrosis factor inhibitor
*p\ 0.05

Fig. 2 All-cause healthcare expenditures (2017 USD) during the 12-month study period. TNFi tumor necrosis factor
inhibitor, USD United States dollars. *p\ 0.05
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p\0.01) (Fig. 3) and prescription drug expen-
ditures (adjusted difference: $16,660; p\ 0.01)
compared with those switching to a non-TNFi
biologic. However, patients switching to
another TNFi had significantly higher outpa-
tient expenditures compared with patients
switching to non-TNFi biologics (adjusted dif-
ference: $3565; p = 0.02).

In the Kaplan–Meier analysis of time to dis-
continuation, patients who switched to another
TNFi continued on therapy significantly longer
compared with those who switched to a non-
TNF biologic (median time to discontinuation:
8.31 vs. 5.68 months, respectively; log-rank
p\0.01) (Fig. 4). The results of the adjusted
analysis showed a similar trend, with a signifi-
cantly higher rate of discontinuation in the
non-TNF cohort compared with the TNFi
cohort (HR [95% CI] 1.35 [1.16, 1.56]; p\0.01).

DISCUSSION

This real-world US administrative claims data-
base analysis compared the HRU, expenditures,
and time to discontinuation among TNFi-ex-
perienced patients with PsA who switched to

different subsequent biologic therapies for any
reason. The results indicated that patients with
PsA who switched to another TNFi after dis-
continuation of the initial TNFi incurred lower
total healthcare expenditures, mainly driven by
lower prescription drug expenditures, compared
with patients who switched to a non-TNFi bio-
logic. During the study period, patients
switching to another TNFi also had significantly
more all-cause and PsA-related outpatient visits
to rheumatologists compared with those
switching to a non-TNFi biologic. Conversely,
patients switching to a non-TNFi biologic had
significantly more all-cause and numerically
more PsA-related visits to a dermatologist than
those who switched to another TNFi. The dif-
ference in the number of physician visits
between the two patient groups could poten-
tially reflect a preference for using a second
TNFi among rheumatologists vs. dermatolo-
gists, although this is to be further investigated.
The total medical service expenditures were
comparable between cohorts, although the
TNFi cohort had significantly lower all-cause
hospitalization expenditures than the non-TNFi
cohort. These findings suggest potential eco-
nomic benefits for TNFi-experienced patients

Fig. 3 PsA-related healthcare expenditures (2017 USD) during the 12-month study period. PsA psoriatic arthritis, TNFi
tumor necrosis factor inhibitor, USD United States dollars. *p\ 0.05
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with refractory PsA who initiate a subsequent
TNFi vs. a non-TNFi biologic.

In addition, the current study showed that
patients who switched to another TNFi had
longer treatment duration than patients who
switched to a non-TNFi biologic. Previous
research has reported good long-term persis-
tence among patients with PsA receiving a TNFi
for both the first and subsequent treatment [22].
Patients may discontinue TNFi or non-TNFi
biologics due to various medical and non-med-
ical reasons, including lack of efficacy and
intolerable adverse events [23]. However, it is
challenging to identify the reason of discon-
tinuation for each patient in the current study
due to the limitations of administrative claims
data. Future studies using data sources with
more clinical information (e.g., through a
medical chart review) are warranted to better
describe the reasons for the higher discontinu-
ation rates associated with non-TNFi biologics
compared with those associated with TNFis for
the treatment of PsA.

To date, traditional PsA treatments (e.g.,
NSAIDs and conventional synthetic DMARDs)
have not demonstrated the ability to slow the
radiographic progression of joint disease, but
anti-TNF agents have shown to be effective in
this regard [11]. Radiographically evidenced
protection of joint structure has become a goal
of treatment and anti-TNFi agents are listed as
the preferred PsA treatments among treatment-
naı̈ve patients in the draft guidelines by the
ACR and NPF [16]. Many therapeutic agents are

currently available for PsA, and the current
guidelines for the order of drug use in cases of
inefficacy or toxicity of the first-line TNFi are
not consistent. Recent clinical guidelines for
PsA include recommendations published in
2016 by the European League Against
Rheumatism (EULAR) and the Group for
Research and Assessment of Psoriasis and Pso-
riatic Arthritis (GRAPPA) [24]. EULAR proposed
a sequential treatment scheme in the case of
adverse prognostic factors, suggesting that the
initial TNFi be followed by non-TNFi agents
after each respective treatment option is con-
traindicated. In contrast, the GRAPPA guideli-
nes recommend the two treatment options
(second TNFi and non-TNFi) alongside, allow-
ing the physicians to choose the therapy
depending on prognostic factors, comorbidities,
availability of therapy, and patient preference
[24]. In the latest draft guidelines by the ACR
and NPF, sequential use of a second TNFi was
recommended over other biologic options in
patients with an inadequate response to the
initial TNFi. However, these draft recommen-
dations are noted to be conditional based on a
low threshold of evidence [16], and thus further
real-world studies are needed.

Several observational studies have been
conducted to evaluate response for the initial
and second-line TNFi for patients with PsA
[25, 26]. In an observational study using data
from five Norwegian centers, patients who
started their initial TNFi and switched to a sec-
ond TNFi had a lower response rate compared

Fig. 4 Kaplan–Meier analysis of time to discontinuation of the index drug. TNFi tumor necrosis factor inhibitor. *log-rank
p\ 0.05
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with the response rate to the initial TNFi, both
among themselves as well as the non-switchers
[25]. On the other hand, a survey study in
England reported that the majority of patients
showed adequate response to a second- or third-
line biologic, and recommended guidelines to
allow more therapeutic alternatives for the
refractory cases [26]. However, to date, little
real-world evidence has been published com-
paring the outcomes, including HRU and
healthcare expenditures, between patients with
PsA who switched to another TNFi vs. non-TNFi
after the failure of the initial TNFi treatment.
Thus, the current study provides the first real-
world evidence of these economic impacts in
PsA, contributing valuable insight to inform
clinician and payer decisions in treatment
selection.

Limitations

This study is subject to several limitations. First,
no patients who switched to abatacept were
identified in this analysis, potentially due to its
recent introduction to the market. Second, the
analysis did not include newly approved non-
TNFi biologic agents (e.g., ixekizumab or tofac-
itinib), which were approved by FDA after the
data cutoff. Thus, future studies should be
conducted to evaluate the economic impact of
these agents in PsA. Third, the Symphony
database contained no eligibility records. Thus,
continuous claims data activity was used as a
surrogate for continuous eligibility, and the
patient sample included might be different
from the patient population in the real-world
practice. Fourth, the medical claims recorded in
the database may be incomplete as the Sym-
phony database is not a closed system. There-
fore, the actual costs incurred during the study
period may be underestimated. Fifth, the phar-
macy expenditure data were linked to an
external source (AWP), which could be viewed
as a standardized charge reference, but does not
reflect actual reimbursed amounts.

Furthermore, this study is also subject to
limitations common to claims analyses. For
example, the presence of a claim for prescrip-
tion does not indicate that the medication was

consumed or that it was taken as prescribed. In
addition, the results may be confounded from
unavailable covariates such as clinical disease
activity and clinical phenotype of patients. In
this study, we adjusted baseline disease activity
by controlling for baseline non-biologic
DMARD use, systemic corticosteroid use, pain
medication use, and baseline HRU in regression
models. Admittedly, there may be residual
confounding due to unobserved risk factors.
However, given that the TNFi arm showed
higher disease activity at baseline (as indicated
by more use of non-biologic DMARDs, systemic
corticosteroids, and pain medications), but
showed lower healthcare expenditure in the
study period, this study provides a conservative
estimate of the difference in economic burden
between the two cohorts. Finally, the results of
this study may not be generalizable to patients
outside of those represented in the Symphony
Health Solutions database.

CONCLUSIONS

Adult patients with PsAwho switched to another
TNFi after discontinuation of their initial TNFi
incurred lower total all-cause and PsA-related
healthcare expenditures than patients who
switched to a non-TNFi biologic. The cost dif-
ference was driven primarily by savings in both
prescription drug and hospitalization expendi-
tures among those patients switching to a second
TNFi; on the other hand, the outpatient cost was
higher among patients who switched to another
TNFi. Additionally, patients who switched to
another TNFi persisted longer on the therapy
than patients who switched to a non-TNF bio-
logic. These findings suggest potential overall
economic savings associatedwith of switching to
a different TNFi compared with switching to a
non-TNFi biologic among TNFi-experienced
patients with PsA.
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