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ABSTRACT

Introduction: Biologics are a standard therapy
for patients with moderate-to-severe psoriasis,
yet treatment persistence is essential to achieve

disease control. Compared with other biologics,
ustekinumab has been associated with lower
rates of discontinuation and better adherence
among patients with psoriasis, but prior studies
have included limited data from the period after
approval of self-administration for ustek-
inumab. This study was conducted to assess
discontinuation risk among patients with pla-
que psoriasis initiating ustekinumab or other
biologics.
Methods: Adults with psoriasis and one or more
claim for ustekinumab, secukinumab, adali-
mumab, or ixekizumab were identified in
Optum’s de-identified Clinformatics Data Mart
Database (1 January 2010 to 30 June 2019).
Treatment discontinuation was defined as a gap
in days of therapy supply based on (1) each
drug’s per-label frequency of administration
(main analysis) or (2)[90 days (sensitivity
analysis). Differences in baseline characteristics
between the ustekinumab and other cohorts
were adjusted with entropy balancing. Risk of
discontinuation was compared with Cox pro-
portional hazard models.
Results: Overall, 2230 patients were included
in the ustekinumab cohort, with 1807 in the
secukinumab, 4483 in the adalimumab, and
535 in the ixekizumab cohorts (mean age
49.0 years, 49.3% female for all cohorts). In the
main analysis, risk of discontinuation for the
ustekinumab cohort was 62.2% lower than for
adalimumab, 46.4% lower than for secuk-
inumab, and 43.8% lower than for ixekizumab
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cohorts (all p\0.001). Sensitivity analyses
revealed no significant differences between the
ustekinumab and other cohorts.
Conclusions: Patients with psoriasis initiating
ustekinumab had lower risk of treatment dis-
continuation compared with other biologics
when discontinuation was based on each drug’s
per-label frequency of administration. This
finding may help inform choice of biologic
based on compliance.

Keywords: Biologics; Persistence; Psoriasis;
Treatment discontinuation; Ustekinumab

Key Summary Points

Why carry out this study?

While biologics are a standard therapy for
moderate-to-severe psoriasis, patients
frequently discontinue treatment or
demonstrate poor adherence, which is
associated with inferior health outcomes.

Compared with other biologics,
ustekinumab has been associated with
lower rates of discontinuation and better
adherence, but prior studies have included
limited data from the period after
approval of self-administration for
ustekinumab.

This study was conducted to compare
treatment discontinuation among
patients with psoriasis who initiated
ustekinumab, secukinumab, or other
biologics (i.e., adalimumab and
ixekizumab), and describe treatment
adherence and switching patterns with
these agents.

What was learned from the study?

Patients with psoriasis initiating
ustekinumab had a lower risk of treatment
discontinuation compared with other
biologics when discontinuation was based
on each drug’s per-label frequency of
administration.

These results may help inform the choice
of biologic therapy based on compliance,
which may subsequently improve
outcomes of patients with psoriasis.

INTRODUCTION

Plaque psoriasis is a chronic inflammatory dis-
order estimated to affect 3.2% of adults annu-
ally in the USA [1]. Although skin lesions are a
hallmark of the disease, psoriasis is increasingly
recognized as a multisystem disorder with
comorbidities such as psoriatic arthritis, and
cardiovascular and psychiatric conditions [2–5].

While most patients with mild-to-moderate
psoriasis achieve adequate disease control with
topical therapies or phototherapy, systemic
therapies may be necessary to treat patients
with moderate-to-severe disease [3]. Since their
introduction, biologics have been replacing
traditional systemic therapies as a treatment for
moderate-to-severe psoriasis [6]. A number of
biologics are approved by the US Food and Drug
Administration for treating patients with mod-
erate-to-severe plaque psoriasis; these agents
inhibit specific pathways involving various
cytokines, including TNF-a, IL-12, IL-23, and IL-
17A [7].

Patients initiated on biologics frequently
discontinue therapy [8–14] or demonstrate poor
adherence [15], which is associated with inferior
health outcomes [16, 17]. Lack of compliance
may be due to a number of factors, including
drug tolerability, convenience, cost, and effec-
tiveness, and overall patient satisfaction with
treatment [18]. Prior studies that assessed dis-
continuation and adherence found significant
differences between various biologics in the
USA [8–10, 19–21]. In these studies, ustek-
inumab, compared with other biologics, was
almost invariably associated with lower rates of
discontinuation and better adherence.

Nonetheless, most prior studies were con-
ducted before approval of the first IL-17A
antagonist. Further, most had no or limited data
from the period after approval of self-
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administration for ustekinumab (21 May 2013)
[22, 23]. Thus, the previous literature may no
longer reflect contemporary biologic treatment
patterns among patients with psoriasis [24].
This study sought to address this gap in
knowledge by comparing treatment discontin-
uation among patients with psoriasis, who ini-
tiated ustekinumab, secukinumab, or other
biologics (i.e., adalimumab and ixekizumab),
and describing treatment adherence and
switching patterns with these agents.

MATERIALS AND METHODS

Data Source

Data derived from Optum’s de-identified Clin-
formatics Data Mart Database (1 January 2010
to 30 June 2019) were used for these analyses.
The database contains information on demo-
graphics and health plan eligibility, as well as
medical and prescription drug claims of com-
mercially insured and Medicare Advantage
beneficiaries nationwide. All data were de-
identified and complied with the Health Insur-
ance Portability and Accountability Act; there-
fore, institutional review board approval was
not required. Access to the database was granted
by Optum under license.

Study Design

A retrospective new user cohort design was
used. Patients were classified into mutually
exclusive cohorts based on the first biologic
initiated on or after 1 July 2016, to ensure that
all treatment options of interest (i.e., ustek-
inumab, secukinumab, adalimumab, or ixek-
izumab) were available on the market. The
index date was the date of biologic initiation.
The baseline period was the 12-month period
with continuous health plan eligibility prior to
the index date. The follow-up period spanned
from the index date to either end of data
availability or end of continuous health plan
eligibility, whichever was earlier.

Study Sample

Patients were included in the study if they met
the following criteria: (1) two or more claims
with a diagnosis of psoriasis [International
Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM) code: 696.1;
ICD-10-CM codes: L40.0-L40.4, L40.8, L40.9]
during the most recent period of continuous
eligibility with one or more claim during the
baseline period or on the index date; (2) initi-
ated ustekinumab, secukinumab, adalimumab,
or ixekizumab on or after 1 July 2016;
(3) C 12 months of continuous health plan eli-
gibility before the index date; and (4) C 18 years
of age on the index date.

Patients were excluded from the study if they
met any of the following criteria: (1) initiated
multiple index agents on the index date, or
(2) C 1 claim for the index agent any time
before the index date during the most recent
period of continuous eligibility.

Study Outcomes

Discontinuation of an index biologic was
defined as a therapy exposure gap in consecu-
tive days of index agent supply, or between the
last day of supply and the end of the follow-up
period. To account for differences in dosing
schedules among biologics, two definitions of
therapy exposure gap based on the frequency of
drug administration after the induction phase,
as instructed per label (ustekinumab, 12 weeks
[23]; secukinumab, 4 weeks [25]; adalimumab,
2 weeks [26]; ixekizumab, 4 weeks)[27] were
considered in the main analysis. The first defi-
nition was based on a therapy exposure gap of
more than one time the frequency of adminis-
tration (i.e., ustekinumab,[ 90 days; secuk-
inumab,[30 days; adalimumab,[15 days;
ixekizumab,[30 days), the second based on
the absence of a gap of more than twice the
frequency of administration (i.e., ustek-
inumab,[180 days; secukinumab,[60 days;
adalimumab,[ 30 days; ixek-
izumab,[60 days). The third definition of
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discontinuation considered was based on the
absence of a therapy exposure gap of[ 90 days
for all biologics, and was used for a sensitivity
analysis.

Adherence to the index biologic was descri-
bed using the proportion of days covered (PDC).
PDC was defined as the sum of non-overlapping
days of supply of the index agent divided by a
fixed period (i.e., 3, 6, 12, 18, and 24 months)
among patients followed for at least the same
fixed duration of time.

Switching and re-initiation patterns were
also described. Switching from the index agent
was defined as a claim for a new psoriasis
treatment, such that the supply of the new
treatment ended after the discontinuation of
the index agent. Time to treatment switch was
defined as the later of the date of the first claim
for a new psoriasis treatment or the last day of
supply of the index agent. Re-initiation of the
index agent was defined as a new claim for the
index agent after treatment discontinuation.

For all control cohorts, days of supply for
medical claims were imputed on the basis of the
frequency of biologic administration after
induction, as per label [25–27]. For the ustek-
inumab cohort, days of supply for medical
claims were imputed as 28 days of supply for the
first claim and 84 days of supply for all second
or later claims [23]. For the second or later
ustekinumab pharmacy claims with days of
supply between 28 and 34, days of supply were
imputed to 84 as per label [23].

Statistical Analysis

Owing to the non-experimental nature of the
study, entropy balancing (e-balance) was used
to control for potential confounders between
the ustekinumab cohort and the control
cohorts. Each control cohort was reweighted so
that the overall distribution of potential con-
founders in the reweighted cohorts had the
same mean and variance (for continuous vari-
ables) or proportions (for binary variables) as
the ustekinumab cohort. E-balance preserved
the original sample size for all cohorts and

enforced reweighted units to achieve balance
while keeping the weights as close as possible to
the base weights [28]. Cohorts were balanced on
the following variables: demographics (i.e., age
at index date, sex, region, type of insurance
plan), year of index date, baseline all-cause total
healthcare costs, Quan–Charlson comorbidity
index (Quan–CCI) [29], psoriasis-related condi-
tions (i.e., anxiety, cardiovascular disease, dia-
betes, depression, hyperlipidemia,
hypertension, hypothyroidism, obesity, psori-
atic arthritis, rheumatoid arthritis, peripheral
vascular disease, metabolic syndrome), other
conditions requiring treatment with index
therapies (i.e., ankylosing spondylitis, Crohn’s
disease, ulcerative colitis), smoking status, and
use of systemic therapy, biologics, topical ther-
apies, and opioids. The balance of baseline
characteristics was assessed using standardized
differences, with\10% considered well
balanced.

Kaplan–Meier (KM) survival analysis was
used to describe the proportion of patients who
discontinued their index agent at various points
of follow-up, and median time to discontinua-
tion was reported. Discontinuation rates were
compared at 3, 6, 12, 18, and 24 months of
follow-up using log-rank tests. Cox proportional
hazard models were used to compare the risk of
discontinuation between cohorts. Adherence,
switching, and re-initiation patterns were
described using means, standard deviations,
and medians for continuous variables, and fre-
quencies and proportions for categorical
variables.

RESULTS

Baseline Characteristics

A total of 2230 patients were included in the
ustekinumab cohort, 1807 in the secukinumab
cohort, 4483 in the adalimumab cohort, and
535 in the ixekizumab cohort (Fig. 1). Across
the unmatched study cohorts, mean age ranged
from 49.0 to 53.3 years, 44.1–49.8% were
female, 77.2–85.7% had a commercial
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insurance plan, and 76.2–83.9% had one or
more psoriasis-related condition during the
baseline period (Table S1). E-balance resulted in
well-balanced patient characteristics across the
study cohorts (Table 1). After e-balance, across
all cohorts mean age was 49.0 years, 49.3% of
patients were female, 85.7% had a commercial
insurance plan, and 76.2–76.3% had one or
more psoriasis-related condition during the
baseline period. The proportion of biologic-ex-
perienced patients was 28.6% in all balanced
cohorts. Mean total all-cause pharmacy costs
ranged between $11,561 and $11,567 annually
across balanced cohorts and mean total all-
cause medical costs ranged between $10,767
and $10,772.

Ustekinumab versus Secukinumab

Treatment Discontinuation
The mean duration of follow-up was
15.5 months in the ustekinumab cohort and
15.1 months in the secukinumab cohort. Using
the exposure gap of more than one time the per-
label frequency of administration to define dis-
continuation, median time to discontinuation

was 13.3 months for the ustekinumab cohort
and 7.6 months for the secukinumab cohort.
The KM rates of discontinuation were lower for
the ustekinumab cohort at 3, 6, 9, 12, 18, and
24 months (all p\ 0.001; Fig. 2A). Over the
entire duration of available follow-up, patients
in the ustekinumab cohort had a 46.4% lower
risk of discontinuation compared with those in
the secukinumab cohort (p\0.001; Fig. 3).

Using the exposure gap of more than two
times the per-label frequency of administration
to define discontinuation, median time to dis-
continuation was not reached for the ustek-
inumab cohort and was 12.0 months for the
secukinumab cohort. The KM rates of discon-
tinuation were lower for the ustekinumab
cohort at 3, 6, 9, 12, 18, and 24 months (all
p\0.001; Fig. 2B). Over the entire duration of
available follow-up, patients who initiated
ustekinumab had a 50.5% lower risk of discon-
tinuation than those who initiated secuk-
inumab (p\ 0.001; Fig. 3).

Using the exposure gap of[90 days for both
cohorts to define discontinuation (sensitivity
analysis), the median time to discontinuation
was 15.5 months for the ustekinumab cohort
and 15.1 months for the secukinumab cohort.

Fig. 1 Patient selection. ICD-9-CM International Clas-
sification of Disease, 9th revision, Clinical Modification,
ICD-10-CM International Classification of Disease, 10th

revision, Clinical Modification. (1) Diagnoses of psoriasis
were identified as ICD-9-CM code 696.1 and ICD-10-
CM codes L40.0-L40.4, L40.8, and L40.9
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KM rates of discontinuation were similar
between cohorts (Fig. 2C), and no significant
difference was observed in the risk of treatment
discontinuation over the entire duration of
available follow-up (Fig. 3).

Adherence
The mean PDC for ustekinumab and secuk-
inumab was similar at 3 (0.78 and 0.76), 6 (0.76
and 0.72), 12 (0.69 and 0.65), 18 (0.63 and
0.57), and 24 (0.58 and 0.53) months of follow-
up, with the PDC for ustekinumab trending
higher. The proportion of patients with a
PDC C 0.8 appeared higher in the ustekinumab
cohort at 3 and 6 months of follow-up as well as
at 12, 18, and 24 months of follow-up (Fig. 4).

Switching and re-initiation
Within the first 24 months of follow-up, based
on the discontinuation gap of more than one

time the per-label frequency of administration,
28.2% and 40.5% of patients in the ustek-
inumab and secukinumab cohorts switched to a
new psoriasis-related treatment (mean time to
switch 9.1 and 8.3 months, respectively). The
most common therapies to which patients
switched were topical agents (51.8% and
65.1%), followed by another biologic (33.7%
and 17.6%). Among those who discontinued
their index therapy (43.8% and 62.6%), it was
re-initiated by 28.2% and 49.5% of patients
after a mean of 5.3 and 2.7 months,
respectively.

Ustekinumab versus Other Biologics
(Adalimumab and Ixekizumab)

Treatment Discontinuation
The mean available follow-up time was
15.4 months for the adalimumab cohort and
15.1 months for the ixekizumab cohort. Using
the exposure gap of more than one time the per-
label frequency of administration to define dis-
continuation, median time to discontinuation
was 13.3 months for the ustekinumab cohort,
4.8 months for the adalimumab cohort, and
5.7 months for the ixekizumab cohort. The KM
rates of discontinuation were lower for the
ustekinumab cohort relative to both the adali-
mumab and ixekizumab cohorts at 3, 6, 9, 12,
18, and 24 months (all p\0.001; Fig. S1). Over
the entire duration of available follow-up,
patients who initiated ustekinumab had a
62.2% lower risk of discontinuation relative to
those who initiated adalimumab, and a 43.8%
lower risk of discontinuation compared with
those who initiated ixekizumab (Fig. 5).

Using the exposure gap of more than two
times the per-label frequency of administration
to define discontinuation, median time to dis-
continuation was not reached for the ustek-
inumab cohort and was 7.3 months and
12.1 months for the adalimumab and ixek-
izumab cohorts, respectively. Relative to the
adalimumab and ixekizumab cohorts, KM rates
of discontinuation were lower for the ustek-
inumab cohort at 3, 6, 9, 12, 18, and 24 months
(all p\ 0.001). Over the entire duration of
available follow-up, patients who initiated

bFig. 2 Kaplan–Meier rates of treatment discontinuation
among patients initiating on ustekinumab versus secuk-
inumab based on duration of therapy exposure gap1,2.
(A) Therapy exposure gap more than one time the labeled
frequency of drug administration3. (B) Therapy exposure
gap more than two times the labeled frequency of drug
administration5. (C) Therapy exposure gap more
than 90 days. HCPCS Healthcare Common Procedure
Coding System, KM Kaplan–Meier, NDC National
Drug Code, Quan–CCI Quan–Charlson Comorbidity
Index. (1) Results are presented for balanced cohorts. (2)
Discontinuation of the index therapy was defined as the
presence of a therapy exposure gap between consecutive
days of index therapy supply or the last day of supply and
the end of the follow-up period. (3) One time therapy
exposure gap is defined as time between administrations
greater than or equal to the labeled maintenance dosing
interval after induction of each index therapy, i.e.,
ustekinumab, [ 12 weeks (90 days) 9 1; secukinumab,
[ 4 weeks (30 days) 9 1. (4) Refers to the population at
risk of having the event at that point in time (i.e., patients
who have not had the event and have not been lost to
follow-up). (5) Two times therapy exposure gap is defined
as the time between administrations greater than or equal
to twice the labeled maintenance dosing interval after
induction of each index therapy, i.e., ustekinumab,
[ 12 weeks (90 days) 9 2; secukinumab, [ 4 weeks
(30 days) 9 2
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ustekinumab had a 66.4% lower risk of discon-
tinuation relative to those who initiated adali-
mumab, and a 46.5% lower risk of
discontinuation compared with those who ini-
tiated ixekizumab (all p\0.001) (Fig. 5).

Using the therapy exposure gap of[ 90 days
for all cohorts to define discontinuation

(sensitivity analysis), the median time to dis-
continuation was 13.3 months for the ustek-
inumab cohort, 11.8 months for the
adalimumab cohort, and 24.1 months for the
ixekizumab cohort. Over the entire duration of
available follow-up, there were no significant
differences in the risk of discontinuation

Fig. 3 Risk of treatment discontinuation among patients
in the ustekinumab versus secukinumab cohorts1. CI
confidence interval, HCPCS Healthcare Common Proce-
dure Coding System, HR hazard ratio, NDC National
Drug Code, Quan–CCI Quan–Charlson Comorbidity
Index. (1) Cox proportional hazard models were used to
compare risk of discontinuation between balanced cohorts.
(2) Discontinuation of the index therapy was defined as
the presence of a therapy exposure gap between consecutive
days of index therapy supply or the last day of supply and
the end of the follow-up period. (3) One time therapy

exposure gap is defined as time between administrations
greater than or equal to the labeled maintenance dosing
interval after induction of each index therapy, i.e.,
ustekinumab,[ 12 weeks (90 days) 9 1; secukinumab,
[ 4 weeks (30 days) 9 1. (4) Two times therapy exposure
gap is defined as the time between administrations greater
than or equal to twice the labeled maintenance dosing
interval after induction of each index therapy, i.e.,
ustekinumab, [ 12 weeks (90 days) 9 2; secukinumab,
[ 4 weeks (30 days) 9 2

Fig. 4 Proportion of patients with PDC for index biologic
of C 80%1. PDC proportion of days covered. (1) PDC
was defined as the sum of non-overlapping days of supply

of index therapy divided by a fixed period (i.e., 3, 6, 12, 18,
and 24 months) among patients followed for at least the
same fixed duration of time
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between patients in the ustekinumab cohort
relative to those in the other control cohorts
(Fig. 5).

Adherence
The mean PDC for ustekinumab, adalimumab
and ixekizumab was similar at 3 (0.78, 0.81, and
0.80), 6 (0.76, 0.73, and 0.70), 12 (0.69, 0.61,
and 0.60), 18 (0.63, 0.52, and 0.55), and 24
(0.58, 0.47, and 0.56) months of follow-up, with
the PDC for ustekinumab trending higher over
time. The proportion of patients with a PDC
C 0.8 appeared higher in the ustekinumab
cohort compared with the adalimumab and
ixekizumab cohorts at 6, 12, and 18 months of
follow-up (Fig. 4).

Switching and Re-initiation
Within the first 24 months of follow-up, based
on the discontinuation gap of more than one
time the per-label frequency of administration,
28.2%, 47.2%, and 35.9% of patients in the
ustekinumab, adalimumab, and ixekizumab

cohorts switched to a new psoriasis-related
treatment (mean time to switch 9.1, 7.1, and
8.0 months, respectively). The most common
therapies to which patients switched were
topical agents (51.8%, 60.1%, and 59.0%), fol-
lowed by another biologic (33.7%, 24.1%, and
18.4%). Among those who discontinued their
index therapy (43.8%, 71.8%, and 60.8%), it
was re-initiated by 28.2%, 56.0%, and 52.6% of
patients after a mean time of 5.3, 1.5, and
2.5 months, respectively.

DISCUSSION

This retrospective cohort study examined
treatment discontinuation, and described
adherence and switching patterns associated
with various biologics used to treat moderate-
to-severe plaque psoriasis. Based on a therapy
exposure gap equivalent to one or two times the
per-label frequency of drug administration,
ustekinumab was associated with significantly
lower rates of treatment discontinuation

Fig. 5 Risk of treatment discontinuation among patients
in the ustekinumab versus adalimumab or ixekizumab
cohorts1. CI confidence interval, HCPCS Healthcare
Common Procedure Coding System, HR hazard ratio,
NDC National Drug Code, Quan–CCI Quan–Charlson
Comorbidity Index. (1) Cox proportional hazard models
were used to compare risk of discontinuation between
balanced cohorts. (2) Discontinuation of the index therapy
was defined as the presence of a therapy exposure gap
between consecutive days of index therapy supply or the
last day of supply and the end of the follow-up period. (3)
One time therapy exposure gap is defined as time between

administrations greater than or equal to the labeled
maintenance dosing interval after induction of each index
therapy, i.e., ustekinumab, [ 12 weeks (90 days) 9 1;
secukinumab, [ 4 weeks (30 days) 9 1; adalimumab,
[ 2 weeks (15 days) 9 1; ixekizumab, [ 4 weeks
(30 days) 9 1. (2) Two times therapy exposure gap is
defined as the time between administrations greater than
or equal to twice the labeled maintenance dosing interval
after induction of each index therapy, i.e., ustekinumab,
[ 12 weeks (90 days) 9 2; secukinumab, [ 4 weeks
(30 days) 9 2; adalimumab, [ 2 weeks (15 days) 9 2;
ixekizumab,[ 4 weeks (30 days) 9 2

982 Dermatol Ther (Heidelb) (2022) 12:971–987



compared with secukinumab, adalimumab, and
ixekizumab. In a conservative sensitivity anal-
ysis, in which treatment discontinuation was
defined as a 90-day exposure gap, rates of
treatment discontinuation were similar
between ustekinumab and other study
biologics.

The current study builds on prior evidence
by further documenting the benefits of ustek-
inumab with respect to treatment persistence.
Although several previous US studies have
found ustekinumab to be associated with the
lowest risk of treatment discontinuation com-
pared with older biologics (i.e., etanercept,
adalimumab, infliximab) [8, 10, 21], only Wu
et al. analyzed more recent data including users
of IL-17A antagonists [21]. The analyses con-
ducted by Wu et al. were descriptive in nature,
but the numerical trends observed are consis-
tent with those of the current study, and sug-
gest that ustekinumab is associated with lower
rates of discontinuation than other biologics,
including IL-17A antagonists. Similar to the
present study, Wu et al. did not observe any
differences between ustekinumab and other
biologics in rates of treatment discontinuation,
when defined by a fixed gap of[90 days. It is
important to point out that this conservative
definition of treatment discontinuation likely
disfavors biologics that are administered less
frequently, such as ustekinumab.

Reasons for biologic discontinuation were
not available in this study. Different dosing
schedules of ustekinumab relative to secuk-
inumab, adalimumab, and ixekizumab may
have influenced the different discontinuation
rates observed across the biologics. At the same
time, the convenience and schedule of admin-
istration should have been explained to a
patient when informed consent was obtained to
initiate a specific biologic. Other causes of dis-
continuation could include diminished thera-
peutic effect or toxicity [18], but clinical
information on treatment effectiveness and
safety was not available in the data.

The analysis of adherence in this study was
descriptive in nature, and the observed trends
conservatively suggest non-inferiority of ustek-
inumab relative to other study biologics. Similar
trends were observed in most [8, 20, 21], albeit

not all [19], prior studies conducted in the USA
that compared adherence with ustekinumab
versus older biologics. In particular, the adher-
ence rates over the 12-month follow-up period
observed in the current study were generally
consistent with those reported by Wu et al. for
adalimumab (current study, 37.3%; Wu et al.,
35.6%), secukinumab (current study, 43.6%;
Wu et al., 41.7%), and ustekinumab (current
study, 45.3%; Wu et al., 50.6%) [21].

Permanent or temporary treatment discon-
tinuation is frequent among patients with pso-
riasis who initiate biologics [8–15], which may
lead to poorer health outcomes. The prepon-
derance of available data suggests that contin-
uous biologic treatment is associated with better
disease control than intermittent treatment
[16, 17]. In the EXPRESS2 study, patients ran-
domized to the continuous infliximab arm
achieved better Psoriasis Area Severity Index
(PASI) responses than those randomized to the
as-needed infliximab arm (i.e., infliximab
administered only if PASI improvement was\
75%) [30]. In the SCULPTURE trial, more
patients on a secukinumab fixed interval regi-
men maintained PASI 75, i.e., C 75% improve-
ment from baseline PASI score versus the study
specified retreatment-as-needed regimen [31].
Therefore, the data from the current study may
inform optimizing choice of biologic therapy to
minimize the risk of treatment discontinuation
and associated suboptimal outcomes for disease
control and quality of life. Of note, previous
studies have demonstrated that dose reduction
of biologic therapies, also known as dose
tapering, achieved either by increasing the
interval between doses or by reducing the
dosage, in well-controlled patients results in
similar efficacy and safety as standard dosing
and does not shorten drug survival [32, 33].

The present study has several strengths. To
the best of our knowledge, it included the lar-
gest sample of patients with psoriasis initiating
IL-17A antagonists (i.e., secukinumab or ixek-
izumab) to date. Furthermore, this study covers
the period after the approval of ustekinumab
self-administration in the USA (i.e., before 21
May 2013, ustekinumab could only be admin-
istered by a healthcare provider during office
visits) [22, 23]. Since the option of self-
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administration may have a significant impact
on discontinuation and adherence [24], the
data in this study may more accurately reflect
contemporary real-world treatment patterns. In
addition, treatment discontinuation was evalu-
ated through up to 36 months of follow-up,
providing information on more long-term
trends. Lastly, e-balance was used to control for
observed differences in patient baseline charac-
teristics. In contrast to more traditional bal-
ancing techniques such as matching, this
relatively new technique offers the advantage of
retaining the full original sample size in addi-
tion to controlling for an exhaustive list of
covariates.

Nonetheless, the results of the current study
should be interpreted with consideration of
some limitations. First, study outcomes were
evaluated in a population of commercially
insured and Medicare Advantage beneficiaries
in the USA; thus, results may not be generalized
to the uninsured or patients with other types of
health insurance (e.g., Medicaid). Second, as in
all observational studies, the impact of unob-
served confounders cannot be ruled out. For
example, e-balance did not directly control for
disease duration or psoriasis severity as these
data are not available in health insurance
claims. Nonetheless, e-balance accounted for
other covariates that may serve as a proxy for
disease severity, such as prior biologic exposure
and opioid use, which may help mitigate the
potential impact of this limitation. Third, rea-
sons for biologic discontinuation or clinical
information that could allow to infer them [e.g.,
PASI score, kinetics and safety data] were not
available in the database and could not be
explored. Relatedly, since efficacy and safety
outcomes were not measured in this study, it is
unknown whether treatment discontinuation
was related to diminishing treatment effect,
adverse events, or other safety issues. Fourth,
newer biologics like the IL-23p19 inhibitors
guselkumab, tildrakizumab, and risankizumab
were not included in this study since they were
only approved near the end of the study period
and were thus infrequently used in the data cut.

CONCLUSION

In this retrospective cohort study, patients ini-
tiating ustekinumab had a lower risk of treat-
ment discontinuation and showed a numerical
trend toward higher adherence relative to those
initiating other biologics, including IL-17A
antagonists. These results may help inform the
choice of biologic therapy based on compliance,
which may subsequently improve outcomes of
patients with psoriasis.
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