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ABSTRACT

Introduction: We aimed to evaluate US treat-
ment patterns and, more specifically, switch
patterns among patients with psoriasis (PsO)
who initiated treatment with targeted therapy
(TT) and subsequently switched to another
therapy.

Methods: This retrospective study used IBM®
MarketScan® Commercial and Medicare Data-
bases (1/1/2006-3/31/2020) to evaluate treat-
ment patterns in biologic- and apremilast-naive
patients with PsO. TT included apremilast,
adalimumab, etanercept, infliximab, ustek-
inumab, or other biologics (certolizumab pegol,
secukinumab, brodalumab, ixekizumab, gusel-
kumab, or tildrakizumab). Adults with > 1 pre-
scription for a TT, > 2 PsO claims separated
by > 1 day on or before the index date (date of
first TT prescription), and continuous medical
and pharmacy enrollment for 1 year before and
2 years after the index date were eligible. Non-
targeted therapy (NTT) was defined as non-
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targeted oral systemic treatment, topical treat-
ment, phototherapy, or mno treatment.
Kaplan-Meier (KM) analysis was used to esti-
mate time to reinitiation of TT (24-month
continuous enrollment post-index was not
required).

Results: A total of 11,526 patients with PsO
were included; mean [standard deviation (SD)]
age and Charlson Comorbidity Index score were
48.3 (12.8) years and 0.9 (1.43), respectively.
During the follow-up, 69.2% of the patients
were treated with NTT. Median time to first
NTT, for those who received NTT, was 205 days
(longest: adalimumab, 252 days). Among
patients who switched to NTT after initiating
treatment with TT, 52.6% reinitiated treatment
with TT (least common: apremilast, 45.6%),
with a median time to reinitiation of 106 days
(longest: other biologics, 136 days). For all
patients on NTT, the probability of reinitiating
any TT was 60.7% at 24 months.

Conclusions: PsO treatment is often cyclical in
nature. Patients frequently experience drug
holidays or transition back to TT after using
NTT. The consideration of real-world treatment
patterns in future economic models may pro-
vide new insights into the clinical effectiveness
and value of PsO treatments.
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PLAIN LANGUAGE SUMMARY

Psoriasis is a chronic inflammatory skin disease
that affects 3.0% of adults or an estimated
7.56 million Americans. The most common
type of psoriasis is called plaque psoriasis
because of its appearance with red patches and
silvery scales on the skin. A major concern of
medical providers is that not all patients con-
tinue their treatment as prescribed. Many
patients discontinue, switch, and often restart
treatment. To develop effective psoriasis treat-
ment plans for shared decision-making among
medical providers and patients, it is important
to look at how treatments are used in the real
world. This can be done by conducting studies
using insurance claims data from healthcare
insurance providers. In this study, we evaluated

treatment patterns and, more specifically, pat-
terns in changes of treatment in US patients
who began their psoriasis treatment with a tar-
geted therapy (biologics or apremilast) and then
changed to another therapy. We found that
patients often took drug holidays (days with no
treatment) and returned back to using a tar-
geted therapy after using a non-targeted therapy
(e.g., other oral therapy, topical treatment,
phototherapy, or no treatment). Findings from
this real-world study may support future studies
on the clinical effectiveness and value of cur-
rent and future treatments for psoriasis—espe-
cially within these targeted to non-targeted
transitions.
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Graphical abstract:

Treatment Patterns for Targeted Therapies,
Non-targeted Therapies, and Drug Holidays

in Patients With Psoriasis
April W Armstrong, MD, MPH; Qian Xia, PhD; Anand Rojer John, B Tech;
Vardhaman Patel, PhD, MS, B Pharm; Lauren Seigel, MS

Key Findings: Psoriasis (PsO) treatment is cyclical

+ Patients experience frequent drug holidays OR

transition back to targeted therapy (TT) after using
non-targeted therapy (NTT)

* For all patients on NTT, the probability of reinitiating any TT

was 60.7% at 24 months A
+Real-world treatment patterns in future I.I.LLI.
economic models may provide valuable insights

Study Objective: To evaluate US treatment patterns and, more
specifically, switch patterns among patients with PsO who initiated
treatment with TT and subsequently switched to another therapy

Median Time to NTT Switch: 205 Days
‘ 52.6% 69.2% .
Targeted Non-targeted
Therapy (TT) Therapy (NTT)

Median Time to TT Re-initiation: 106 Days

Study Design: Retrospective claims X
analysis using IBM® MarketScan® o
Commercial and Medicare Claims databases
Patient Population: Biologic- and
apremilast-naive patients with
PsO (11,526)
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Key Summary Points

Why carry out this study?

Patients with moderate to severe psoriasis
frequently discontinue or switch
treatment.

We aimed to evaluate treatment patterns
and, more specifically, switch patterns
among patients with moderate to severe
psoriasis who initiated on targeted
therapy and subsequently switched to
another therapy.

What was learned from the study?

Among patients who switched to non-
targeted therapy after initiating on
targeted therapy, 52.6% reinitiated on
targeted therapy, with a median time to
reinitiation of 106 days.

Patients frequently experience drug
holidays or changes in treatment, and
most transition back to any targeted
therapy after using non-targeted therapy.

The consideration of real-world treatment
patterns in future models may provide
new insights into the clinical effectiveness
and value of psoriasis treatments.

DIGITAL FEATURES

This article is published with digital features,
including a graphical abstract, to facilitate
understanding of the article. To view digital
features for this article, go to https://doi.org/10.
6084/m9.figshare.20269104.

INTRODUCTION

Psoriasis (PsO) is a chronic inflammatory skin
disease [1] affecting 3.0% of adults or an esti-
mated 7.56 million Americans [2]. Plaque PsO,
the most common form [3], is commonly
characterized by red plaques with silvery scales
[1] that often present on extensors of extremi-
ties but may also affect nails and palmoplantar
or intertriginous regions [3]. The systematic
manifestation of PsO causes substantial mor-
bidity in affected patients [3]. Comorbidities
often associated with PsO include psoriatic
arthritis, cardiometabolic diseases, psychologi-
cal illnesses, and inflammatory bowel diseases
[3].

Treatment selection for PsO is determined by
many factors, including severity of disease [1],
comorbid illness [4], patient preferences [1], and
access to healthcare [5-7]. Patients with PsO are
frequently categorized into groups: mild, mod-
erate, and severe [8], depending on the clinical
severity of the lesions. Mild PsO involves less
than 3% of the body surface area (BSA), whereas
involvement of 3% to 10% of the BSA is con-
sidered moderate and involvement of greater
than 10% of the BSA is severe disease [1]. About
70%-80% of patients have mild plaque PsO,
which may be sufficiently managed with topical
therapies [5] such as corticosteroids, vitamin D
analogues, calcineurin inhibitors, keratolytics,
and targeted phototherapy [3]. For patients with
moderate to severe PsO, systemic therapies are
foundational, and the introduction of biologics
was a significant clinical advancement [3]. Tar-
geted therapies include four biologic classes:
tumor necrosis factor inhibitors (etanercept,
adalimumab, certolizumab pegol, infliximab),
interleukin (IL)-17 inhibitors (secukinumab,
ixekizumab, brodalumab), an IL-12/23 inhibitor
(ustekinumab), IL-23 inhibitors (guselkumab,
tildrakizumab, risankizumab), and an oral
systemic treatment—a phosphodiesterase 4
(PDE-4) inhibitor (apremilast) [3, S5]. Non-tar-
geted therapies (NTTs) include a mix of topical
treatments, phototherapy, and oral non-targeted
systemic treatments (e.g., methotrexate) [3].

Despite the availability of treatment options
with established safety and efficacy for patients
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with moderate to severe psoriasis, adherence is
low, and many patients discontinue or switch
treatments [9-12]. Reported reasons for treat-
ment discontinuation or switching vary by
treatment [9, 10] and include side effects,
development of additional morbidity, concern
for safety, inconvenience, lack of treatment
affordability, insurance denial, delay in obtain-
ing refills, and the most cited reason—lack of
treatment effectiveness [9, 10].

Because patient treatment satisfaction is
often highly correlated with treatment adher-
ence and successful treatment management, it
is important for physicians to evaluate patient
preferences and satisfaction [1, 13]. In a 2018
systematic review [13], the authors found that
treatment preferences were diverse and evolved
with treatment experience among patients with
PsO. Also, treatment location (e.g., home,
office, hospital), probability of benefit (i.e.,
chance of improvement), and method of deliv-
ery (e.g., oral, topical, intravenous infusion)
were considered the most important treatment
attributes of those evaluated. Risk of adverse
events and probability of benefit were the most
important attributes associated with biologic
therapy. These findings highlight the impor-
tance of the physician-patient relationship and
shared decision-making necessary for successful
PsO management [13, 14].

Due to the insufficient evidence available,
current guidelines provide only general guid-
ance for restarting/resuming biologic treatment
in patients who have discontinued and for
patients switching biologic treatments [1].

Guidelines state that when considering reiniti-
ation of treatment after discontinuation,
physicians should consider disease severity and
the number of doses missed [1]. If clinically
needed, all other therapies for psoriasis,
including other biologics, may be switched with
a different biologic agent to improve efficacy,
safety, and/or tolerability [1]. It is recom-
mended that physicians address patient prefer-
ences for all treatment modifications on a case-
by-case basis [1].

In 2018, the Institute for Clinical and Eco-
nomic Review (ICER) published an economic
report on PsO treatments [5]. The PsO economic
model constructed by ICER used a treatment
algorithm wherein the patient initiated a tar-
geted therapy (TT) such as biologics or apremi-
last, transitioned to a second TT upon
inadequate response, and then utilized an oral
NTT such as methotrexate for the remainder of
their lifetime, without considering the reinitia-
tion of TT due to relapse or drug holidays [5].
ICER’s economic model assumed that patients
who transitioned to a NTT did not transition
back to using any of the 12 targeted therapies
available in today’s market, but this pattern
does not align with common clinical practice in
the treatment of PsO. Additionally, assump-
tions regarding treatment choices have an
important bearing on the cost-effectiveness of
new innovative therapies due to the cost dif-
ferential between non-targeted and targeted
therapies. Understanding real-world treatment
patterns in patients with PsO will help to
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inform future economic models and optimal
treatment-related decision-making.

This study evaluated US treatment patterns
among patients who were initiated on TT,
including biologics and apremilast. Specifically,
this study examined the switch patterns among
patients who initiated on TT and subsequently
switched to another therapy.

Table 1 Baseline characteristics

METHODS

Data Source

Data for this study were extracted from the IBM
MarketScan insurance claims database and
include individuals (and their dependents) with
commercial employer-sponsored insurance and

Criteria Overall Index treatment®
Apremilast Adalimumab Etanercept Infliximab  Ustekinumab Other
biologic
Total patients
7 (%) 11,526 3664 (31.8) 4521 (392) 1651 (143) 100 (09) 1154 (10.0) 436 (3.8)
(100)
Age, y
Mean (SD) 4831 50.83 46.81 (12.26) 47.71 53.47 46.90 (13.90) 47.53 (12.59)
(12.75) (12.62) (12.67) (12.33)
Median 50 (40-57) 52 (43-59) 48 (39-56) 49 (40-57) 54 (47-62) 48 (37-57) 49 (39-57)
(IQR)
P < 0.0001°
Sex, 7 (%)
Male 5787 1665 2367 (52.36) 830 (50.27) 41 (41.00) 641 (55.55) 243 (55.73)
(50.21) (45.44)
Female 5739 1999 2154 (47.64) 821 (49.73) 59 (59.00)  S13 (4445) 193 (44.27)
(49.79) (54.56)
P < 0.0001°
CCI
Mean (SD)  0.87 (143) 114 (170) 070 (1.19) 078 (1.27) 135 (1.96) 0.74 (132)  0.90 (1.50)
Median 0 (0-1) 0 (0-2) 0 (0-1) 0 (0-1) 05(0-2) 0 (0-1) 0 (0-1)
(IQR)
P < 0.0001°

“Index treatment is the first prescription of a branded systemic treatment during the index period (1/1/13-3/31/20)

5P values for continuous variables were determined using the Kruskal-Wallis test, and the chi-square test was used for

categorical variables

CCI Charlson Comorbidity Index, IQR interquartile range
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individuals with Medicare supplemental insur-
ance. The Medicare database contains predom-
inantly fee-for-service plan data, and only plans
where both the Medicare-paid amounts and the
employer-paid amounts were available and evi-
dent on the claims were selected. IBM Mar-
ketScan data represent more than 245 million
patients across most geographic regions in the
United States.

This database captures longitudinal, indi-
vidual-level data on healthcare utilization,
healthcare expenditures and plan enrollment,
and contains integrated records for patient
demographics, inpatient events, outpatient
events, and pharmacy dispensing of drugs.
Patients represented in the databases are active
employees, dependents, retirees, or Consoli-
dated Omnibus Budget Reconciliation Act
(COBRA) recipients, and data are drawn from
large employers, health plans, and public orga-
nizations in the United States. Records for this
study were primarily drawn from the MarketS-
can enrollment detail, inpatient admissions,
inpatient services, outpatient services, and out-
patient pharmaceutical claims tables. Drug
event duration was calculated from the pro-
vided days’ supply field. This retrospective study
did not require review and approval by ethics
committees or informed consent.

Study Design

A retrospective observational study using IBM
MarketScan Commercial and Medicare Data-
bases (January 1, 2006, to March 31, 2020) was
conducted to evaluate treatment patterns in
biologic- and apremilast-naive patients with
moderate to severe PsO. The index date was the
first prescription of apremilast or biologic dur-
ing the index period (January 1, 2013, to March
31, 2020). The baseline period was any time
before the index date. The follow-up period
began on the index date and extended until the
end of enrollment (March 31, 2020). The study
schema is presented in Fig. 1.

Study Population

Adult patients (> 18 years of age) in the United
States who newly initiated TT (biologics or
apremilast) between January 1, 2013, and
March 31, 2020, were included. Targeted ther-
apies included commonly prescribed treatments
(apremilast, adalimumab, etanercept, inflix-
imab, and ustekinumab) and less commonly
prescribed “other” agents (certolizumab pegol,
secukinumab, brodalumab, ixekizumab,
guselkumab, and tildrakizumab). The date of
the first TT prescription was the index date.

100 1
85 77

80 1 72
- & 66 67 67
v 60
e
3
S 401
[
o

20 A

0
Overall Apremilast ~ Adalimumab  Etanercept Infliximab  Ustekinumab Other biologics

Received Index therapy
nontargeted
therapy, n= 7972 2634 2969 1110 85 883 291
Total, N= 11,526 3664 4521 1651 100 1154 436

Fig. 2 Percentage of patients receiving NTT by index
therapy. The date of the first prescription of a branded
systemic treatment (index therapy) in the index period is
the index date. Follow-up time was any time in the

24 months from the index date, and all patients had at
least 24 months of follow-up
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Fig. 3 Median time to first NTT by index therapy. The date of the first prescription of a branded systemic treatment (index
therapy) in the index period is the index date. Follow-up time was any time in the 24 months from the index date
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targeted
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nontargeted
therapy, N = 7972 2634 2969 1110 85 883 291

Fig. 4 Percentage of patients reinitiating any TT after
NTT by index therapy. The date of the first prescription

of a branded systemic treatment (index therapy) in the

Patients were required to have at least
12 months of continuous medical and phar-
macy enrollment prior to (baseline period) and
on the index date. PsO diagnosis was confirmed
by the presence of at least two International
Classification of Diseases, Clinical Modification
Ninth Revision (ICD-9-CM) or Tenth Revision
(ICD-10-CM) diagnosis codes for PsO separated
by at least 1day prior to their index date.
Patients with a diagnosis of rheumatoid arthritis

index period is the index date. Follow-up time was any
time in the 24 months from the index date

(RA), ankylosing spondylitis (AS), Crohn’s dis-
ease (CD), ulcerative colitis (UC), hidradenitis
suppurativa, uveitis, Behget’s disease, or juve-
nile idiopathic arthritis (JIA) any time before
the index date were excluded. Patients with
apremilast or biologic use anytime during the
baseline period were excluded. Patients with
prescriptions for multiple biologics on the
index date and at any time during the follow-up
were also excluded. Patients with an add-on
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Fig. 5 Median time to NTT and reinitiating TT by index
therapy. Index therapy is the first prescription of a branded
systemic treatment. /77 index targeted therapy, N77T non-
targeted therapy. Horizontal black lines indicate a

treatment to their index TT during follow-up
were examined as a separate cohort. Included
patients were grouped by index therapy
(apremilast, adalimumab, etanercept, inflix-
imab, ustekinumab, or other biologic), required
to have > 24 months of continuous enrollment
post-index date, and followed for 24 months for
treatment pattern analysis.

Outcomes

The main outcomes of interest were utilization
of NTT by index therapy, time to first NTT by
index therapy, reinitiation of TT after NTT by
index therapy, and time to reinitiation of TT by
index therapy in patients with moderate to
severe PsO. NTT was defined as non-targeted
oral systemic treatment, topical treatment,

NTT

WITT

treatment switch. Top black lines (above the pink sections)
indicate a return to ITT after NTT

phototherapy, or no treatment. Discontinua-
tion of the TT was identified as an absence of a
new prescription for apremilast or biologic after
the TT exposure episode (last prescription claim
plus two times the days’ supply). Initiation of
new NTT before the day of the last prescription
claim plus two times the days’ supply was con-
sidered a switch.

Statistical Analysis

Descriptive characteristics were calculated for
patient demographics, clinical characteristics
(e.g., comorbidities, Charlson Comorbidity
Index [CCI]) and NTT outcomes (utilization of
NTT by index therapy, time to first NTT by
index therapy, reinitiation of TT after NTT by
index therapy) for the overall patient
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Time to transition back to targeted therapy, months
Apremilast Adalimumab —Etanercept —Infliximab Ustekinumab —Other biologics
Probability of reinitiating a targeted therapy
Time point, Targeted therapy
months Apremilast | Adalimumab | Etanercept Infliximab | Ustekinumab Other
12 0.432 0.511 0.535 0.680 0.690 0.534
24 0.517 0.627 0.629 0.723 0.791 0.651
Patients at risk
Time to next targeted therapy, months
Cohorts
0 6 12 18 | 24 | 30 | 36 | 42 | 48 | 54 | 60 | 66 | 72 | 78 | 84
Apremilast 6840 (2999 | 1742|1201 | 812 | 550 | 356 | 230 | 122 ({52 | 15| O | O | O | O
Adalimumab 6714|2680 |1521| 955 | 634 | 432 | 299 | 201 | 133 | 85 | 52 | 24 |13 | 5 2
Etanercept 2200 | 868 | 530 | 372 | 269 | 186 | 141 | 100 | 76 | 48 | 37 | 25 | 18 | 7 1
Infliximab 198 | 42 | 32 | 17 13 8 6 4 2 1 o|O0O|O0|O0]O
Ustekinumab 2016 | 556 | 288 | 180 | 107 | 69 | 48 | 31 23 [ 15| 11| 7 51010
Other biologics | 1512| 421 | 159 | 76 | 46 19 9 5 3 1 o|O0O|O0|O0]O

Fig. 6 Kaplan—Meier curve for time to transition back to any TT

population and by each index therapy cohort.
Continuous variables were summarized and
reported by means and standard deviations
(SDs) and/or by medians and interquartile ran-
ges (IQRs). SDs and IQRs were reported as
measures of spread for means and medians,
respectively [15]. Categorical variables were
summarized and reported by counts and per-
centages. Kaplan-Meier (KM) survival analysis
was used to assess reinitiation of TT after the use

of a NTT by index therapy. The entire patient
population was considered for this analysis
regardless of post-index enrollment (24-month
continuous enrollment was not required for
inclusion in the KM analysis). For the KM
analysis with a log-rank test, we assumed 80%
power and a 5% margin of error; the power
was > 0.9. All patients were included regardless
of post-index enrollment and followed until the
end of continuous enrollment.
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1st Targeted therapy

1st Non-targeted therapy

2nd Targeted therapy

1st Targeted therapy (denominator: 11,526)

1st Non-targeted therapy (denominator: 11,526)

2nd Targeted therapy (denominator: 11,526)

[ Apremilast (31.8%)
I Adalimumab (39.2%)
I Etanercept (14.3%)
| Ustekinumab (10.0%)
[ Other biologics (3.8%)
B Infliximab (0.9%)

I No NTT initiation (30.8%)

[ Topical treatment (25.8%)

[ No treatment (29.4%)

[0 NTT combinations? (5.6%)

B Oral steriods/methotrexate (injectables) (4.8%)
Phototherapy (0.4%)

[l Oral systemic treatments (3.1%)

I No TT reinitiation (32.8%)
[ Apremilast (9.5%)

[ Adalimumab (8.9%)

I Etanercept (3.9%)

[ Ustekinumab (8.7%)

[ Other biologics (4.5%)

I Infliximab (0.9%)

Fig. 7 Sankey diagram of treatment sequences between
targeted and non-targeted therapies. Non-targeted combi-
nations: phototherapy + oral systemic; phototherapy +

oral systemic + topical; phototherapy + topical; oral sys-
temic + topical. N77T non-targeted therapy, 77 targeted
therapy

( Patients with targeted therapy initiation )
(index drug) (1TT): 11,526

Transition from 1TT to INTT

69% of 11,526

Patients with non-targeted
therapy (1NTT) after first

targeted therapy (1TT)

4190 (53%) of 7972 patients who had
NTT switched back to any type of TT

2652 (33%) of 7972 patients who had
NTT switched back to index TT

Transition from INTT to 2TT

Fig. 8 Patient flow through treatment sequences between
targeted and non-targeted therapies. All percentages = pa-
tients with same TT reinitiation (2TT)/patients with TT

initiation (1'TT). 177 first therapy, 27 second therapy,
NTT non-targeted therapy, 7 therapy, 77 targeted
therapy
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RESULTS

A cohort of 11,256 patients with PsO were
included in this analysis. Of those, 3664 initi-
ated apremilast, 4521 adalimumab, 1651 etan-
ercept, 100 infliximab, 1154 ustekinumab, and
436 other biologics. Mean (SD) patient age was
48.3 (12.8) years, with a balanced representa-
tion by sex (50.2% male). Of the comorbidities
evaluated, the most common was cardiovascu-
lar disease, representing 58.0% of patients. The
mean CCI score was 0.9 (1.4), with chronic
pulmonary disease (22.1%) being the most
common CCI comorbidity represented. Baseline
characteristics are presented in Table 1.

On the index date, the date of the first pre-
scription of TT, most patients initiated treat-
ment with adalimumab (39.2%) or apremilast
(31.8%), whereas the fewest initiated with
infliximab (0.9%) (Table 1). Regardless of the
index therapy, 69.2% of all patients switched to
a NTT within 2 years of follow-up. Across the
index targeted therapies, switch rates were rel-
atively consistent. The percentage of patients
who switched to NTT by index therapy is pre-
sented in Fig. 2.

Median time to first NTT for the overall
cohort was 205 days (IQR 81-432). The longest
median time to NTT was observed in patients
who initiated on adalimumab with 252 days
(IQR 112-483), whereas the shortest median
time to NTT was observed in patients who ini-
tiated on ustekinumab with 90days (IQR
28-343) (Fig. 3). Among patients who switched
from their index TT to a NTT, 52.6% reinitiated
on any TT. Patients whose index therapy was
apremilast who switched to a NTT were least
likely to reinitiate on any TT (45.6%) (Fig. 4).
The median time to reinitiation of any TT after
first NTT across index therapies was 106 days
(IQR 72-200). The longest median time to
reinitiation of any TT after first NTT was
observed in patients who initiated other bio-
logics [136days (IQR 77-237)], whereas the
shortest median time was observed in patients
who initiated infliximab [44 days (IQR 37-69)]
(Fig. 5).

For all patients who initiated any TT and
switched to a NTT, the probability of

reinitiating any TT within 2 years was 60.7%
(range 51.7% [apremilast] to 79.1% [ustek-
inumab], P <0.0001) (Fig.6). Treatment
sequences between TT and NTT are presented in
the Sankey diagram shown in Fig. 7.

For the 11,526 enrolled patients, the most
frequently prescribed first targeted therapies
were adalimumab (39.2%) and apremilast
(31.8%). Subsequently, of the 69.2% (7972) of
patients who switched to a NTT after index
therapy, 79.8% either switched to a topical NTT
(37.2%) or received no treatment at all (42.6%).
For those who switched back to a second TT
(4190), 50.6% were prescribed either apremilast
(26.0%) or adalimumab (24.6%). For a complete
visual description of the treatment flow, see
Fig. 8.

DISCUSSION

This real-world, retrospective claims analysis
evaluated treatment patterns in patients with
PsO who initiated a TT, including biologics and
apremilast, and subsequently switched to
another therapy. We observed frequent treat-
ment switching among substantial proportions
of patients during the study period. Our results
demonstrated that most patients with PsO were
treated with NTT during the follow-up period,
and more than half of the patients reinitiated
any TT after the first NTT. The probability of
patients transitioning back to any TT after
treatment with a NTT at 2 years was high.
Although slight variability was observed
between treatments, our findings were consis-
tent across all therapies studied. One variation
recognized was the slightly shorter time to NTT
seen for infliximab and ustekinumab. Although
infliximab and ustekinumab have longer dosing
schedules compared with other treatments, we
found that patients experienced an immediate
treatment gap following their first dose. If
patients were switched to an NTT after 2 to
3 months and restarted the same TT a second
time, the patient may have successfully
achieved adequate or optimal skin clearance
upon completion of the first dose. Subse-
quently, attending physicians may have sug-
gested a therapeutic treatment pause or “drug
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holiday” to personalize patient care [16].
Because infliximab is primarily used in patients
with more severe plaque psoriasis [17], patients
in this study may have had more severe disease.
Therefore, it is reasonable to consider that skin
clearance may have occurred after the first dose.
This is consistent with the published clinical
trial results reported in the infliximab label
(80%-90% clearance, as assessed by the Static
Physician Global Assessment score at 10 weeks)
[17]. Treatment success, the desire to use a
treatment with a more favorable safety profile,
prohibitive treatment costs, or other reasons
may have contributed to an immediate gap after
the first dose and to a switch to an NTT before
returning to the index TT. Alternatively, among
the infliximab and ustekinumab cohorts, large
percentages of patients who initiated an NTT
after a TT had no subsequent treatment. Com-
plete treatment discontinuation may also be
attributable to any of the reasons noted above.
In general, results may have differed slightly
from the other cohorts in part due to the small
sample size of the infliximab cohort.
Infliximab had the shortest time to reinitia-
tion of a TT. As noted previously, infliximab
patients may have had more severe disease,
given its label indication [17]. Because patients
restarted in less than 2 months, early relapse
may be a reason for restarting treatment more
quickly. The published median time to relapse
since last injection for infliximab is slightly
longer than what we observed in this study at
approximately 15 weeks (3 months); however,
they are similar [18]. Previous infliximab effi-
cacy may also be a factor affecting rapid
retreatment. Compared with ustekinumab,
adalimumab, and apremilast, the estimated
number needed to treat (a measure of efficacy)
relative to that of placebo for short-term 75%
and 90% improvement from baseline in the
Psoriasis Area and Severity Index (PASI) 75 [19]
and PASI 90 [20]) scores at 10-16 weeks and at
12 weeks, respectively, was highest for inflix-
imab, followed by ustekinumab, adalimumab,
and apremilast (reported for PASI 75 only).
Therefore, the short-term efficacy for infliximab
is supported and provides a rationale for
retreatment with infliximab. Another consider-
ation for retreatment with infliximab or other

index TTs is that it may be because of recapture
rates of clinical efficacy after treatment discon-
tinuation. The highest average recapture of
clinical efficacy as measured by PASI 75 was for
patients treated with ustekinumab [21], and was
comparable for infliximab [22] and adalimumab
[23]. This may also explain the short time to
retreatment with ustekinumab after discontin-
uation of index ustekinumab treatment and the
short time to initiation of an NTT. Among
patients who transitioned to an NTT, the
apremilast cohort had the longest time to
reinitiation of TT and the highest percentage of
patients who had topical treatment. This may
result from the patient’s preference for contin-
uing topical treatment because of cost, dissat-
isfaction with efficacy, an unfavorable safety
profile, or a lack of evidence supporting recap-
ture of clinical efficacy after treatment discon-
tinuation. Recapture rates for apremilast were
not identified in the literature. Lower efficacy
rates and the lack of published recapture rates
for apremilast compared with other treatments
may also explain why retreatment was lower
with apremilast. Higher recapture rates likely
translate into higher confidence levels of health
care professionals that the initial extent of skin
clearance will be regained by restarting the same
treatment. Alternatively, lower proportions of
patients who reinitiated on TT may indicate
that the patients initiating treatment with
apremilast in this study had lower disease
severity. More research is needed to further
explain the reasons for differences in retreat-
ment observed across index TTs.

These findings provide new evidence
regarding real-world treatment patterns in
patients with PsO. A PsO economic model
recently published by ICER [5] used a treatment
algorithm wherein patients initiated a TT such
as biologics or apremilast, transitioned to a
second TT upon inadequate response, and then
utilized a NTT such as methotrexate for the
remainder of their lifetime, without considering
a restart of TT due to relapse or drug holidays.
As evidenced by the results of this retrospective
cohort study, the treatment algorithm used by
ICER may not align with treatment patterns in
patients with PsO as identified using real-world
data. Furthermore, an inaccurate economic
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model could lead to inaccurate assessment of
the cost-effectiveness of treatments for patients
with PsO.

Several published studies report treatment
patterns in patients with PsO [10-12, 24, 25];
however, few report treatment reinitiation
[24, 25] or switching [10, 12, 24]. Higa et al. [24]
reported treatment patterns, including persis-
tence, switching, and restarting, for all systemic
therapies available at the time of this study.
Regardless of treatment type, > 50% of patients
lacked persistence (i.e., discontinued) by
12 months. Of those who lost persistence,
60.2% and 79.9% restarted their index oral and
biologic treatment, respectively. In a retrospec-
tive matched cohort study of treatment-naive
patients initiating apremilast or biologics, the
primary reason for nonpersistence was due to
treatment switching and was similar between
treatment groups. Treatment switching was
associated with significantly higher per patient
per month associated costs compared with
those who were persistent on the index therapy
(P <0.0001) [12]. With the aim to measure
overall treatment patterns and undertreatment
over a 5-year period, Armstrong et al. [25] found
that 59% of patients from the US National
Health and Wellness Survey with moderate to
severe PsO were not treated for their condition
in the last year, and among patients who
received treatment the previous year, approxi-
mately 50% lapsed treatment. Total numbers
reported in the previous year (prior to Septem-
ber 2012) reflected that 438,000 patients stop-
ped their PsO treatment. In addition, 384,000
restarted PsO treatment and 807,000 had a lapse
in treatment. Each of these studies provides
important information about treatment pat-
terns; however, most focused on systemic ther-
apies only [10-12, 24]. Our study provides
unique insights into switch patterns among
patients who initiated on TT and subsequently
switched to non-targeted therapies or took drug
holidays. Consideration must be given to these
real-world treatment patterns for treatment
optimization and for the development of future
economic models.

This study has several strengths and a few
limitations. A key strength of this study is the
large patient population and its generalizability,

which is increased by the longitudinal nature of
this study. Additionally, this is the first study to
examine reinitiation of TT after NTT or a drug
holiday in a population of patients with PsO in
the United States. Retrospective analyses provide
a better understanding of the insured population
in clinical practice as compared with the con-
trolled conditions of a clinical trial. They also
allow for observations of patients who are often
underrepresented in clinical trials, such as
patients with comorbidities and the elderly. In
addition, patient histories taken prior to treat-
ment can be well observed in claims data, as can
posttreatment experience. A better picture of the
true efficacy and safety of treatments may also be
observed. Claims data are generated for the pur-
pose of provider reimbursement and not for
analysis; therefore, information derived from
medical billing codes may be subject to omis-
sions, errors, or other differences in billing and
reimbursement practices of clinicians and indi-
vidual insurance plans, and are not connected to
medical records. The data captured are limited
and not reflective of medical records. There may
be missing and uninterpretable data, which is
expected to be minimal. There is an inherent risk
of information bias resulting from misclassifica-
tion. Claims databases only include information
on patients if patients are covered by the health
plan. This study represents real-world practice
patterns for patients with PsO but is limited to
individuals with employer-sponsored health
coverage and/or Medicare supplemental cover-
age and may not be representative of the entire
US population.

CONCLUSION

Patients with PsO frequently experience drug
holidays or changes in treatment, and most
transition back to any TT after using NTT. It is
important that future PsO economic models
include these treatment patterns to remain
consistent with trends observed during the real-
world usage of these therapies and that real-
world treatment patterns be subsequently
incorporated into their designs. These models
may help to generate more insightful findings
on the clinical effectiveness and value of
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current and future treatments for PsO within
these targeted to NTT transitions.
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