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ABSTRACT

Introduction: Patients with psoriasis (PSO) and
psoriatic arthritis (PsA) may frequently switch
biologic therapies over the course of treatment
because of symptom variability and individual
responses. Real-world studies analyzing patient
characteristics and clinical factors associated
with biologic switching are limited.

Methods: This longitudinal cohort study used
real-world data from the CorEvitas Psoriasis
Registry to evaluate the relationship between
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associated disease factors and biologic switching
among patients with PSO and PsA in the United
States (US) and Canada following initiation of a
biologic. Patients were evaluated between April
2015-August 2022. Combinations of disease
severity (as measured by Psoriasis Area Sever-
ity Index [PASI]) and Dermatology Life Qual-
ity Index (DLQI) as a measure of health-related
quality of life (HRQoL) were assessed, and the
association with time to switching was calcu-
lated using Cox proportional hazards regression
modeling.

Results: Among 2580 patient-initiations
(instances of patients initiating a biologic), 504
(19.5%) switched biologics within 30 months of
initiation. Switching was more frequent when
either PASI>10 or DLQI>S5 compared with
PASI<10 or DLQI<S at follow-up. Patients with
higher skin involvement (PASI>10) and impact
on HRQoL (DLQI>5) were 14 times more likely
to switch (hazard ratio=14.2, 95% confidence
interval: 10.7, 18.9) than those with lower skin
involvement (PASI<10) and HRQoL (DLQI<S).
Conclusions: Patients with PSO and PsA
treated in a real-world dermatology setting with
substantial disease factors following biologic
initiation were more likely to switch therapies.
Those with PASI>10 and DLQI>S5 switched
more frequently than those with PASI<10 and
DLQI<S.
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PLAIN LANGUAGE SUMMARY

Many patients with psoriasis may also have a
related condition called psoriatic arthritis. Biologic
medications work by helping to reduce inflamma-
tion and are commonly used to treat the symp-
toms of psoriasis and psoriatic arthritis. Patients
might not all respond the same way to treatment
and may need to change their medications over
time. It is important we understand the reasons
for switching medications to help patients better
manage their symptoms.

This study used information from a database
on patients with both psoriasis and psoriatic
arthritis. The database includes information on
patients’ medical history, including when they
start and change their medication. We looked at
data from patients who switched medications
and patients who did not switch medications
and examined differences in both how serious a
doctor found their disease and the patients’ own
opinions of their overall health.

We found that patients were more likely to
change their biologic medication if they had
more difficult psoriasis and psoriatic arthritis
symptoms that caused worse skin problems,
joint pain, and effects on their overall health
compared with patients who had not changed
their medication. These results suggest that it is
important to consider both how serious a doctor
finds their disease and patients’ opinions of how
much their symptoms affect their overall health.
Understanding the reasons why patients switch
medications will help to develop better ways of
managing psoriasis and psoriatic arthritis.

Keywords: Psoriatic arthritis; CorEvitas
Psoriasis  Registry;  Biologics;  Real-world
evidence; Therapy switch; Psoriasis treatment
patterns; PASI; DLQI

Key Summary Points

Patients with psoriasis (PSO) and psoriatic
arthritis (PsA) may need to switch biologic
therapies throughout the course of treatment
for various reasons.

Factors that influence biologic switching
among patients with PSO and PsA remain
unclear.

The objectives of this study were to evaluate
the association of jointly measured psoriatic
disease severity (e.g., Psoriasis Area Severity
Index [PASI]) and patient-centered outcomes
(e.g., Dermatology Life Quality Index [DLQI])
with biologic switch status among patients
with PSO and PsA and to describe patient
characteristics at initiation among those who
switched or did not switch biologic therapies.

In this analysis of PSO patients with PsA
treated in a real-world dermatology setting,
measures related to disease factors were more
severe among patients who switched biologic
therapies.

Patient-centered factors should be considered
as potential targets for clinical interventions
intended to optimize treatment strategies for
patients with PSO and PsA.

INTRODUCTION

Psoriasis (PSO) is a common, immune-medi-
ated inflammatory disease of the skin, which
is associated with red, itchy, and often painful
plaques [1]. Psoriatic arthritis (PsA) is a spon-
dyloarthropathy that causes inflammation and
swelling of the joints and is diagnosed in up to
40% of patients with PSO [2-4]. Symptoms asso-
ciated with a dual PSO and PsA diagnosis can be
disabling and have significant negative effects
on quality of life (QoL) [5].

Several effective systemic biologic therapies
are available to treat PSO and PsA, but patients
may often switch systemic biologic therapies
over the course of treatment because of hetero-
geneity across symptom profiles and individual
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responses to treatment [2, 6-11]. Estimates from
claims-based studies suggest that approximately
20% of patients with PSO and approximately
20% of patients with PsA switch treatments
within 1 year of biologic initiation [12, 13].
For some patients, therapy switches may lead
to poorer outcomes and increased healthcare
costs [6, 10, 11, 14]. The relationship between
health-related QoL (HRQoL) and disease severity
measures as drivers of biologic therapy switch-
ing among patients with PSO or PsA is unclear
[9, 15, 16].

The total disease burden of patients with PSO
may not be captured by objective disease activity
measurements alone (e.g., Psoriasis Area Sever-
ity Index; PASI) [17]. In addition to an objective
evaluation of disease activity by a physician, the
patient’s own evaluation of the overall effects
on their QoL by assessing the Dermatology Life
Quality Index (DLQI) is important for accurate
disease assessment at the time of treatment
initiation [18]. However, data suggest that the
decision to initiate treatment in PSO is more
strongly associated with PASI. As a result, the
significance of a patient-reported outcome like
the DLQI is likely undervalued [19].

Additional research is needed to identify PSO
and PsA patient profiles as well as clinical fac-
tors that may be related to biologic treatment
switching. Here, the association of disease fac-
tors, as suggested by estimates of both PASI
and DLQI on observed biologic therapy switch
occurrences, was assessed in real-world settings.
More specifically, the primary objective of this
analysis was to evaluate the association of psori-
atic disease severity (e.g., PASI) and patient-cen-
tered outcomes (e.g., DLQI or joint pain) with
systemic biologic therapy switch status after
treatment initiation among patients with PSO
and concomitant PsA in the CorEvitas Psoriasis
Registry.

METHODS

Patient Population and Study Design

The CorEvitas Psoriasis Registry is an independ-
ent, prospective, multicenter, observational

United States (US) and Canada registry that was
launched in April 2015 in collaboration with the
National Psoriasis Foundation [20]. The US reg-
istry sites account for > 90% of the total number
of patient initiations, whereas the Canadian sites
account for < 10%. Registry data are collected
from patients and providers at routine medical
visits, spaced approximately 6 months apart, or
at the time of a qualifying change in therapy,
whichever occurs first. At each registry visit, cli-
nicians report therapy start and discontinuation
dates for any systemic biologic or non-biologic
therapy used to treat PSO. Changes in therapy
occurring at registry visits are recorded as being
made on the date of the registry visit. Changes
in medication occurring in between registry vis-
its are recorded at the subsequent registry visit.

This study used a longitudinal cohort design
and relied on the use of real-world PSO patient
data from the CorEvitas Psoriasis Registry.
Patient characteristics and associated disease
factors were described among patients with
PSO and PsA who either switched or did not
switch biologic therapy following initiation of
a biologic for PSO that was eligible for registry
enrollment (Supplementary Table 1). Data for
this analysis were collected during registry visits
with a dermatologist from patients who initiated
a biologic therapy on or after the date the regis-
try was launched (April 1, 2015) until August 1,
2022, using the data available as of August 10,
2022 (Supplementary Figure 1).

Initiations, which were defined as the first
use of any new biologic, were included in this
study if patients had a history of plaque PSO,
had PsA at the time of new biologic therapy
initiation, and started a new biologic ther-
apy at or after registry enrollment and up to
42 days following a registry visit (Supplemen-
tary Figure 2). Individual patients were allowed
to contribute multiple initiations if they used
multiple biologic therapies following registry
enrollment. Additionally, a single initiation
could contribute multiple follow-up visits
within the study period if a patient was persis-
tent on their initial systemic biologic therapy.
Having PsA at the time of biologic initiation
was defined as either physician-indicated (any
rheumatologist- or dermatologist-confirmed
diagnosis of PsA) or any history of a Psoriasis
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Epidemiology Screening Tool (PEST) score>3
[21], recorded in the CorEvitas Psoriasis Reg-
istry on or prior to the treatment initiation
date. Each initiation was followed until a dis-
continuation/switch of the initial biologic
therapy occurred, the last registry follow-up,
or 913 days (30 months) had been reached
after initiation, whichever occurred first. The
number of biologic initiations and follow-up
registry visits were recorded as intervals of
6-30 months, 12-30 months, 18-30 months,
and 24-30 months. All registry visits past
30 months, including all biologic switches past
30 months, were not included in the analysis.

All data for a particular initiation were
excluded if a patient did not have an eligible
registry visit within 42 days prior to starting
a new biologic, had uncertainty in their start
date that prevented determination of the date
of biologic initiation, had any missing baseline
measures (e.g., age, sex, race, ethnicity, duration
of PSO, biologic experience, baseline PASI/DLQI
category, body mass index [BMI], employment
status, and number of concomitant diseases, as
well as biologic, non-biologic, topical, and pho-
totherapy history), did not have any follow-
up registry visits in the subsequent 913 days
(30 months) after biologic initiation, or had all
individual follow-up visits excluded. Individual
follow-up visits were excluded from the analy-
sis if a therapy switch occurred prior to a sub-
sequent registry visit (outside of the follow-up
window), PASI or DLQI were missing at any reg-
istry follow-up visit, or there were indeterminate
dates of initiations or discontinuations that pre-
vented identification of a biologic switch event
within the window around a registry follow-up
visit. No imputation or other handling of miss-
ing data was performed.

This study was performed in accordance with
the Declaration of Helsinki [22] and the Guide-
lines for Good Pharmacoepidemiology Prac-
tice [23]. All participating investigators were
required to obtain full board approval for con-
ducting noninterventional research involving
human subjects with a limited dataset. Sponsor
approval and continuing review were obtained
through a central Institutional Review Board
(IRB) (Advarra, protocol number Pro00051221).
For academic investigative sites that did not

receive authorization to use the central IRB,
full board approval was obtained from their
respective governing IRBs, and documentation
of approval was submitted to CorEvitas, LLC,
before the site’s participation and initiation of
any study procedures. All patients in the regis-
try were required to provide written informed
consent and authorization before participating
in the CorEvitas Psoriasis Registry.

Study Measures

Exposure Measures

The primary exposure for this study was
recorded at each registry visit following sys-
temic biologic therapy initiation and defined as
a combination of DLQI and PASI as a four-level
categorical variable; these values served as meas-
ures of HRQoL and skin clearance, respectively,
as previously described [17]. PASI and DLQI
were categorized into all pairwise combinations
of PASI<10, PASI>10, DLQI<S, and DLQI>S.
The PASI combines the extent of body surface
involvement in four anatomical regions (head,
trunk, arms, and legs) [24]. For each region, the
percent area of skin involved was estimated
from 0 (0%) to 6 (90-100%), and severity was
estimated by clinical signs of erythema, indura-
tion, and scaling, with a score ranging from 0
(none) to 4 (very severe). Each area was scored
separately, with scores then combined as the
sum of severity parameters for each region x area
score x weighing factor (head [0.1], upper limbs
[0.2], trunk [0.3], lower limbs [0.4]) for the final
PASI. Overall scores ranged from O (no psoria-
sis) to 72 (the most severe disease). The DLQI
is a 10-item, participant self-administered der-
matology-specific questionnaire that evaluates
HRQoL across six domains including symptoms
and feelings, daily activities, leisure, work and
school, personal relationships, and treatment.
DLQI item response categories were scored 0
(not relevant) to 3 (very relevant) with a total
score range of 0 to 30; higher scores indicated
poorer HRQoL [25].

The secondary analysis considered joint pain
as another measure of HRQoL. Patients were
classified as having moderate/severe joint pain if
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the score on the Visual Analog Scale (VAS) Joint
Pain measure was =40, as previously described
[26]. This binary measure replaced DLQI as the
time-varying measure of HRQoL, and methods
used for the primary analysis were repeated
using the PASI/VAS Joint Pain interaction. As
VAS Joint Pain was only recorded for patients
with a physician indication of PsA, the second-
ary analysis was restricted to only patients with
physician-verified PsA.

Outcome Measures

The primary outcome for this study was the
time from initiation to a switch in systemic
biologic therapy. A biologic switch was defined
as the (observed or planned) discontinuation
of the initial systemic biologic therapy and a
subsequent start or prescription of a different
biologic<45 days after the discontinuation. At a
given registry follow-up visit, a provider was able
to report that a new biologic was prescribed but
not yet started. This was defined as a planned
switch, in which case the time from initiation to
biologic switch was defined as initiation to the
date that the prescription occurred. Biologic ini-
tiations that resulted in a treatment switch were
summarized by the type of switch, which was
categorized as starting a biologic therapy with
the same mechanism of action (MOA), with a
different MOA, or from/to a drug approved/
unapproved by the Food and Drug Administra-
tion (FDA) or Health Canada for the treatment
of PsA. Only biologic therapies deemed eligi-
ble for inclusion in the registry as previously
described were considered as eligible biologic
switches [20]. Either discontinuation of the ini-
tial biologic or start of the new biologic therapy
must have occurred within 42 days of a regis-
try visit to be considered for inclusion in this
analysis. A patient not having a biologic switch
at a registry follow-up visit (i.e., a non-switcher)
could have remained on the initial therapy or
discontinued the initial biologic without start-
ing a new therapy. In these specific cases, the
time-to-event outcome was defined as the date
of the last registry visit and date of the biologic
therapy discontinuation, respectively.

Covariates

All covariates were recorded at each biologic
initiation and used to summarize the sample or
considered as potential confounders. Concomi-
tant disease, medical, and medication history
considered the occurrence or previous use at
any point in the patient’s history. Demographic
and socioeconomic characteristics included age
(years), sex (male, female), race (white, black,
Asian, Hispanic, other/unknown), type of health
insurance (private, non-private), education
(high school or less, any college), and employ-
ment status (full time, not full time). Lifestyle
characteristics included smoking status (never,
any smoking history), alcohol use (<1 drink per
day,>1 drink per day), body weight (kg, con-
tinuous), BMI (underweight/normal: <25 kg/
m?, overweight: 25-<30 kg/m?, Class 1 obesity:
30-<35 kg/m?,>Class 2 obesity: >35 kg/m?). His-
tory of any previous concomitant diseases was
recorded as the number of concomitant diseases
(none: 0, any: 1,>2) and considered the sum of
prior (any history of) physician-reported con-
comitant diseases captured at the time of bio-
logic initiation including congestive heart fail-
ure, peripheral vascular disease, cerebrovascular
disease (stroke or transient ischemic attack),
chronic obstructive pulmonary disease, peptic
ulcer disease, diabetes mellitus, lymphoma, and
solid tumor cancer (excluding non-melanoma
skin cancer). Psoriatic disease severity measures
included PSO duration (years), history of non-
plague morphology (inverse/intertriginous,
guttate, erythrodermic, pustular-localized,
pustular-generalized), history of PSO involving
a high impact area (scalp, nail, palmoplantar,
genital), PsA duration (years; restricted to only
patients with physician-indicated PsA), PEST
(score; patients scoring >3 are recommended for
a theumatologist referral) [27], body surface area
([BSA]; percentage) [28], PASI (0 [no body surface
involvement] to 72 [most severe disease]) [24],
Investigator Global Assessment ([IGA]; 5-point
severity scale [0=clear, 1=almost clear, 2=mild,
3 =moderate, and 4 =severe]) [29]. Patient-
reported symptom burden measures included
the skin pain, itch/pruritis, and fatigue 100-
point VAS (score; 0 [no pain/itch/fatigue] to 100
[most severe pain/itch/fatigue]) [30], 100-point
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VAS Joint Pain (score; O [no pain] to 100 [most
severe pain]) [26], Patient Global Assessment
(PGA) of PSO (100-point VAS; scored O [very
well] to 100 [very poor]) [31], EuroQoL 5-dimen-
sional, 3-level ([EQ-5D-3L]; scored O [death] to
1 [full health]) [32], EQ-VAS (score; 0 [worst
imaginable health state] to 100 [best imagina-
ble health state]) [33], DLQI (0 [no impairment
on life quality] to 30 [maximum impairment
on life quality]) [34], and combination of PASI/
DLAQI (categorized into groups of patients with
PASI<10, PASI>10, DLQI<S5, and DLQI>5) [17].
The PASI/DLQI response at follow-up was con-
sidered a time-varying covariate. PSO treatment
characteristics included current biologic therapy
MOA (TNFi, I1L-12/23i, IL-17i, IL-23i), number
of prior biologic therapies used at initiation (0,
1, 2, 3+), number of prior non-biologic thera-
pies used at initiation (0, 1, 2+), number of prior
topical therapies used at initiation (0, 1, 2, 3+),
and number of prior phototherapies used at ini-
tiation (0, 1, 2+).

Statistical Analysis

Means (standard deviations [SDs]) and frequen-
cies (percentages) were reported for each patient
characteristic at biologic therapy initiation. A
summary of treatment switches/non-switches
over follow-up was provided separately for each
of the PASI/DLQI response levels. Frequen-
cies (percentages) of treatment switches/non-
switches were reported across all eligible registry
visits. The frequency and rate of switching from
all follow-up visits were reported as well. The
median (interquartile range [IQR]) was reported
in addition to the mean (SD) and/or frequencies
(percentages) for baseline covariates and time
until switch.

Hazard ratios (HRs; 95% confidence intervals
[CIs]) assessing the relative risk between the
PASI/DLQI groups were reported as a measure
of association among disease factors, baseline
covariates, and biologic switch over time fol-
lowing biologic initiation. Proportional haz-
ards regression models were used at the time of
new biologic initiation to estimate unadjusted
HRs between the PASI/DLQI levels and biologic
switch. The outcome of this model was the time

where the follow-up visit occurred with the bio-
logic therapy switch or non-switch as previously
defined. Patients who did not switch were con-
sidered right-censored at each follow-up visit in
the statistical analysis because of this being the
time at which PASI/DLQI was recorded.
Adjusted proportional hazards regression
models were used to obtain HRs adjusted for
characteristics observed at initiation. In addition
to the PASI/DLQI response at follow-up, age, sex,
race, ethnicity, duration of PSO, biologic experi-
ence, baseline PASI/DLQI category, BMI, employ-
ment status, and number of concomitant dis-
eases, as well as biologic, non-biologic, topical,
and phototherapy history (separately), all meas-
ured at each biologic initiation, were included
as covariates. The PASI/DLQI indicators were
included as time-varying covariates measured at
follow-up registry visits. A study period indicator
(time varying at follow-up) was used to account
for temporal differences that may have affected
switch rates. Time was divided into three periods
covering April 15, 2015-June 13, 2017 (period
1: from the beginning of the registry to the
approval of the first IL-23), June 14, 2017-Feb-
ruary 28, 2020 (period 2: from the approval of
the first IL-23 to the start of the Coronavirus
disease 2019 [COVID-19] pandemic), and March
1, 2020-August 4, 2022 (period 3: from the start
of the COVID-19 pandemic to the last day of
data collection prior to the proposed data cut).
Unadjusted and adjusted HRs (95% Cls) were
reported comparing the DLQI<S5 and DLQI>S5
groups separately for patients with PASI<10 and
PASI>10. Conversely, HRs (95% CIs) between
the PASI<10 and PASI>10 groups were com-
pared separately for patients with DLQI<S5 and
DLQI>S. Unadjusted and adjusted HRs were also
reported for each baseline measure considered.

RESULTS

Baseline Demographics, Lifestyle, and
Disease Characteristics

The final analytic sample contained 5497 fol-
low-up registry visits originating from 2580
patient initiations and 2198 individual patients
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Table 1 Baseline demographic and lifestyle characteristics Table 1 continued
of patients in the CorEvitas Psoriasis Registry with eligible Total patients
biologic initiations included
Total patients (N'=2580)
included BMI, 7 (%)
(N=2580)
Underweight/normal (<25 kg/ m?) 379 (14.7)
Demographic characteristics®
Overweight (25— < 30 kg/m?) 745 (28.9)
Age (years)
Class 1 obesity (30— < 35 kg/m?) 635 (24.6)
Mean (SD) 52.0 (13.2)
. > Class 2 obesity (> 35.0 kg/m?) 821 (31.8)
Median (IQR®) 53.0 (43.0,
61.0) History of concomitant diseases?, 7 (%)
Sex, (%) 0 1877 (72.8)
Male 1234 (47.8) 1 581(225)
>2 122 (47)
Female 1346 (52.2)
. BMI body mass index, COPD chronic obstructive pulmo-
Race, 7 (%) nary disease, JQR interquartile range, SD standard devia-
white 2017 (78.2) tion, 714 transient ischemic attack
Black 79 (3.1) *Sample sizes may differ because of missing data and
' denominators are specified only when missing data were
Asianc 186 (72) present
Hispanic 194 (7.5) bInterquartile ranges (IQRs) are presented as the first and
N . i third quartiles
Other/unknown 104(4.0) “The specific ethnicity or nationality cannot be specified as
Health insurance (2 =2393), » (%) the patient demographic data come from a registry source
i i (CorEvitas Psoriasis Registry), which does not provide this
Private (vs. non-private) 1721 (71.9) level of detailed information
Education (7 =2573), n (%) 4The total number of the following conditions: congestive
Any college (vs. no college) 1725 (67.0) heart failure, peripheral vascular disease, cerebrovascular
disease (captured as stroke or TIA), COPD, peptic ulcer
Employment, 7 (%) disease, diabetes mellitus, lymphoma, and solid tumor can-
Not full-time 1130 (43.8) cer (excluding non-melanoma skin cancer)
Full-time 1450 (56.2)
Lifestyle characteristics (Table 1). Of the patient initiations, 576, 967,
_ 1416, and 2123 had their last registry follow-up
Smoking status (7 =2559), 7 (%) at least 24 months, 18 months, 12 months, and
Never smoked 1181 (46.2) 6 months after initiation, respectively. This cor-
responded to 4506, 2650, 1448, and 602 registry
Former/current smoker 1378 (53.8) visits in these respective timeframes.
Alcohol use (7 =2425), 7 (%) The mean (SD) patient age at initiation was
-~ 52.0 (13.2) years with 52.2% (n=1346) being
< 1 drink per day 1512 (62.4) female. Approximately one-third of patient
> 1 drink per day 913 (37.6) initiations (31.8%; n=821) had at least Class

2 obesity (BMI>35.0 kg/m?), 53.8% (n=1378)
were current or former smokers, and roughly
one-quarter (27.2%; n=703) had a history of>1

A\ Adis



2812

Dermatol Ther (Heidelb) (2024) 14:2805-2825

Table 2 Bascline disease and treatment characteristics of patients in the CorEvitas Psoriasis Registry with eligible biologic

initiations

Total patients included (N=2580)

Psoriatic disease severity®

PSO duration (years)
Mean (SD)
Median (IQR)

History of non-plaque morphology®, 7 (%)
Inverse/intertriginous
Guttate
Erythrodermic
Pustular-localized
Pustular-generalized

History of difficult to treat area, 7 (%)
Scalp
Nail
Palmoplantar
Genital (»=2262)

PsA diagnosis© 4, 7 (%)
Physician-indicated
History of PEST = 3

PsA duration® ¢ (years; 7 =2103)
Mean (SD)
Median (IQRY)
PEST (N'=2547)
Mean (SD)
Median (IQR)

BSA (% involvement; 2 =2577)
Mean (SD)
Median (IQRY)

BSA (2=2577),n (%)
Mild disease (< 3%)
Moderate disease (> 3-10%)

Severe disease (> 10%)

17.0 (13.7)
14.0 (6.0, 26.0)
459 (17.8)
294 (11.4)
154 (6.0)
57 (2.2)

37 (1.4)

15 (0.6)
1311 (50.8)
1093 (42.4)
594 (23.0)
332(12.9)
273 (12.1)

2103 (81.5)
1872 (72.6)

13.6 (15.9)
9.0 (4.0, 17.0)

467 (18.1)
1139 (44.2)
971 (37.7)
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Table 2 continued

Total patients included (V=2580)

PASI
Mean (SD)
Median (IQRY)
PASI > 10, 2 (%)
IGA (N=2576)
Mean (SD)
Median (IQRY)
Patient-reported discase factors®
Skin pain® (VAS-100) (r =2574)
Mean (SD)
Median (IQRY)
Iech® (VAS-100) (2=2575)
Mean (SD)
Median (IQRY)
Fatigue® (VAS-100) (2=2573)
Mean (SD)
Median (IQRY)
Joint pain®¢ (VAS-100) (2=1918)
Mean (SD)
Median (IQRY)
Joint pain (VAS-100) > 40, 7 (%)
PGA® of PSO (VAS-100) (2 =2575)
Mean (SD)
Median (IQRY)
EQ-5D-3L utility score (7 =2525)
Mean (SD)
Median (IQRY)
EQ-VAS® (2=2572)
Mean (SD)
Median (IQRY)
DLQI
Mean (SD)

7.7 (7.4)
5.5 (2.6,10.8)
726 (28.1)

37.1(32.9)
30.0 (5.0, 65.0)

52.7 (33.5)
58.0 (20.0, 80.0)

44.0 (29.7)
47.0 (15.0,70.0)

50.1 (30.8)
50.0 (23.0,77.0)

1219 (63.6)

50.1 (28.5)
50.0 (25.0,75.0)

67.1(20.4)
70.0 (50.0, 80.0)

8.1(6.3)
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Table 2 continued

Total patients included (V=2580)

Median (IQRY) 7.0 (3.0, 12.0)
Baseline treatment characteristics®
Biologic therapy MOA, 7 (%)
TNFi 418 (16.2)
IL-12/23i 167 (6.5)
IL-17i 1157 (44.8)
IL-23i 838 (32.5)
Number of prior biologic therapies used’, 7 (%)
0 (e.g., biologic naive) 709 (27.5)
1 627 (24.3)
2 505 (19.6)
3+ 739 (28.6)

Number of prior non-biologic therapies used", 7 (%)

0 (c.g., non-biologic naive) 932 (36.1)

1 1087 (42.1)

2+ 561(21.7)
Number of prior topical therapies used’, 7 (%)

0 (e.g., topical therapy naive) 87 (3.4)

1 967 (37.5)

2 731 (28.3)

3+ 795 (30.8)
Number of prior phototherapies used’, » (%)

0 (e.g., phototherapy naive) 1933 (74.9)

1 564 (21.9)

2+ 83(3.2)

BSA4 body surface area, DLQI Dermatology Life Ql}lity Index, EQ-5D-3L EuroQoL 5-dimensional, 3-level, EQ-V4S Euro-
QoL VAS, / inhibitor, /GA Investigator Global Assessment, IL interleukin, JQR interquartile range, MOA mechanism of
action, PASI Psoriasis Area and Severity Index, PEST Psoriasis Epidemiology Screening Tool, PGA Patient Global Assess-
ment, PsA psoriatic arthritis, PSO psoriasis, QoL quality of life, SD standard deviation, TNF tumor necrosis factor, VAS vis-
ual analog scale

*Sample sizes may differ because of missing data, and denominators are specified only when missing data were present

PIQRs are presented as the first and third quartiles; indicators are not mutually exclusive and may not sum to the total

d Assessment was restricted to patients with a rheumatologist- or dermatologist-confirmed diagnosis of PsA at initiation
¢Scores range from 0 to 100 with higher scores indicating worse disease state, symptom burden, or QoL at the time of start-
ing biologic therapy

Numbers refer to the quantity of prior therapies (within the respective subcategory) used by each patient at initiation
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concomitant disease. Patient initiations had PSO
for a mean (SD) duration of 17.0 (13.7) years
(Table 2). Regarding PsA (n=2103), the mean
(SD) duration was 7.8 (9.1) years, and 63.6%
(n=1219) had clinically meaningful joint pain
at baseline (VAS Joint Pain >40).

The mean (SD) BSA percent involvement at
baseline was 13.6 (15.9; n=2577). Among these
initiations, 44.2% (n=1139) noted moderate
disease (BSA=3-10%), while 37.7% (n=971)
noted starting with severe PSO according to
BSA involvement (>10%). The mean (SD) PASI
was 7.7 (7.4), and mean (SD) DLQI was 8.1 (6.3)
at baseline among patient initiations in this
cohort. Based on PASI, 28.1% (n=726) were con-
sidered to have severe disease (PASI>10).

Biologic Therapy Switch Patterns and
Associated Characteristics

Among the patient initiations evaluated, 19.5%
(n=504) switched biologic therapies (Table 3).
The median (IQR) time from initiation to bio-
logic switch was 6.5 (4.6, 12.4) months. Within
the patient initiations that switched, about
three-quarters (74.4%; n=375) changed biologic
classes and 64.5% (n=325) switched to a bio-
logic therapy approved for the treatment of PsA.
Discontinuations due to ineffectiveness or safety
issues (n=426) were reported as the most com-
mon reasons for switching biologics (Table 4).
Among the discontinuations related to inef-
fectiveness or safety issues, failure to maintain
initial response and inadequate initial response
constituted almost 70% (n=298) of the reasons
for discontinuing the initial biologic therapy.
Among patients with PSO with dermatologist-
verified PsA who initiated biologic therapies
and were included in this analysis, characteris-
tics and baseline measures that were associated
with biologic switching included younger age
(compared with a 10-year increase from the
baseline age), female sex, and white race, while
a longer duration of PSO was associated with
less frequent switching (Supplementary Table 2).
Prior to the initiation included in this study,
an approximately equal percentage of patient
initiations had never used a biologic therapy
(27.5%; n=709) as those who had used>3

(28.6%; n=739) (Table 2). Patients who had pre-
viously used a biologic therapy or phototherapy
were 42% (HR=1.42, 95% CI: 1.15, 1.76) and
60% (HR=1.60, 95% CI: 1.28, 2.00) more likely
to switch, respectively, while patients who had
previously used a non-biologic therapy were
27% (HR=0.73, 95% CI: 0.60, 0.90) less likely
to switch (Supplementary Table 2).

Association of Disease Factors and Joint Pain
with Biologic Switching

Biologic switching was more common among
follow-up visits with higher compared with
lower PASI, DLQI, or VAS Joint Pain threshold
levels (Figs. 1 and 2). Switching occurred more
frequently when there was high skin involve-
ment (PASI>10) or increased patient-reported
symptom burden (DLQI>S5 or VAS Joint
Pain > 40) at follow-up (Fig. 1 and Table 5).
Among patient initiations with PASI<10 and
DLQI<S, only 5.0% (n=217) were switchers
compared with roughly 21-49% of those with
either PASI>10 (n=99) or DLQI>5 (n=263).
Conversely, switches were less likely to occur
when both skin involvement (PASI<10) and
patient-reported symptom burden were low
(DLQI<S5 or VAS Joint Pain<40). After initia-
tion, 79.6% of patients were noted as having
both DLQI<S5 and PASI<10 (n=4374 of follow-
up registry visits).

Additionally, greater joint pain was associ-
ated with higher switch rates, irrespective of
PASI. Among patient initiations with PASI<10,
switch rates were 4.9% (n=104) for follow-up
visits where no clinically meaningful joint pain
was reported and 16.2% (n=208) where joint
pain was reported (Table S5). Switching occurred
more frequently after initiation when either
PASI/DLQI or DLQI/VAS Joint Pain scores were
high (Fig. 2).

Association of Disease Factors and Baseline
Covariates with Biologic Switching

Overall, biologic therapy switching was more
frequently observed when either DLQI>S or
PASI>10 compared with DLQI<S or PASI<10,
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Table 3 Biologic switch patterns among patient initiations

Summary (N=2580), Time until switch

7 (%) (months), median
(IQR?)
Result of biologic initiation
Persistent at last visit® 1973 (76.5) -
Discontinuation without switch® 103 (4.0) -
Switch to different biologic 504 (19.5) 6.5 (4.6,12.4)
MOA type after switch®
Switch to a biologic therapy within the same/initial MOA 129 (25.6) 8.0(5.2,16.4)
Switch to a biologic therapy with a different MOA 375 (74.4) 6.4 (4.5,11.6)
Approval status of biologic therapies®©
Biologic approved for PsA — biologic approved for PsA 248 (49.2) 6.2 (4.4,11.0)
Biologic approved for PsA — biologic not approved for PsA 115 (22.8) 64 (4.6,11.8)
Biologic not approved for PsA — biologic approved for PsA 77 (15.3) 6.3 (4.8,11.3)
Biologic not approved for PsA — biologic not approved for PsA 64 (12.7) 14.6 (8.1,20.4)

FDA Food and Drug Administration, /QR interquartile range, MOA mechanism of action, PsA psoriatic arthritis

“IQRs are presented as the first and third quartiles

bIndicates persistent use of the initial biologic therapy without switching at the last registry visit (non-switch)

“Patient stopped biologic therapy without switching to a new biologic (non-switch)

dAmong all patients that switched

¢A biologic therapy was considered approved for PsA based on the FDA or Health Canada approval status at the time of ini-

tiation or switch

respectively, in multivariable adjusted regres-
sion models (Fig. 3). Among patients with
lower skin involvement at follow-up (PASI<10),
those with higher impact of PSO on HRQoL
(DLQI>5) were 5.3 times more likely to switch
than patients with a lower impact of PSO on
HRQoL (DLQI<5). Similarly, among patients
with lower impact of PSO on HRQoL (DLQI<5),
those with more severe skin involvement
(PASI>10) were 8.4 times more likely to switch
than patients with less severe skin involvement
(PASI<10). Patients with higher skin involve-
ment and higher impact on HRQoL (PASI>10
and DLQI>S5) were 14.2 times more likely to
switch than those with lower skin involvement
and lower impact on HRQoL (PASI<10 and
DLQI<Y).

Similar results were observed when substi-
tuting PsA-specific measures (e.g., VAS Joint
Pain) for PSO-related HRQoL (e.g., DLQI)
among patients with dermatologist-diagnosed
PsA (Fig. 4). Among patients with dermatolo-
gist-diagnosed PsA, switching was more likely
when either VAS Joint Pain >40 or PASI>10
compared with VAS Joint Pain <40 or PASI<10
at follow-up, respectively. For patients with
lower skin involvement (PASI<10) at follow-
up, those with higher joint pain (VAS Joint
Pain > 40) were 3.8 times more likely to switch
than patients with lower joint pain (VAS
Joint Pain <40). Similarly, among patients
with lower joint pain at follow-up (VAS Joint
Pain <40), those with higher skin involve-
ment (PASI>10) were 10.5 times more likely to
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Table 4 Reasons for discontinuation and median time until switch among patients with PSO and PsA who switched bio-

logic therapy

Switchers (N=504), (%)

Time from biologic ini-
tiation to switch?, median

(IQR")
Reasons for biologic therapy switch
Effectiveness or safety (7 =426)
Failure to maintain initial response 171 (40.1%) 8.7 (5.7, 14.4)
Inadequate initial response 127 (29.8%) 5.6 (3.4,6.7)
Alternative MOA 45 (10.6%) 6.4(52,11.7)
Active disease 44 (10.3%) 11.0 (5.5, 17.8)
Side effect (minor and serious) 35 (8.2%) 3.8(2.7,7.0)
Improve tolerability 3(0.7%) 6.7 (- -)
Improve compliance 1(0.2%) 1.8 (-, -)
Other reason not related to effectiveness or safety (2 ="78)
Other reason® 35 (44.9%) 6.7 (355, 16.6)
Patient preference 21 (26.9%) 6.8(5.0,17.7)
Missing reason 17 (21.8%) -
Fear of future side effect 3(3.8%) 8.3 (- -)
Temporary interruption 1(1.3%) 66(=-)
Drug administration 1(1.3%) 12.8 (-, -)

COVID-19 Coronavirus disease 2019, IQR interquartile range, MOA mechanism of action

*Time from initiation was measured in months. These quantities are suppressed when sample sizes for each category were <5

PIQRs are presented as the first and third quartiles

“Other reasons included: denied by insurance, co-pay/patient cost, patient doing well, pregnancy, breastfeeding, COVID-19

concerns, or other

switch than patients with lower skin involve-
ment (PASI<10). Switching occurred 14.1 times
more at follow-up visits where both higher skin
involvement and joint pain were observed
(PASI>10 and VAS Joint Pain >40) compared
with those with lower skin clearance and
joint pain (PASI<10 and VAS Joint Pain <40).
Findings among patients with dermatologist-
confirmed PsA did not materially differ from
findings among all included patients with con-
comitant PSO and PsA.

DISCUSSION

In this analysis of patients with PSO and PsA
treated in real-world clinical settings, those with
greater skin involvement (i.e., PASI) or higher
impact on HRQoL (i.e., DLQI or VAS Joint Pain)
were significantly more likely to switch bio-
logic therapies within 30 months of initiation.
Patient initiations with PASI>10 and DLQI>5
were more than 14 times as likely to switch bio-
logics than those with PASI<10 and DLQI<S.
Similarly, among patients with dermatologist-
diagnosed PsA, higher skin involvement or
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Fig. 1 Rate of biologic switching across all follow-up vis-
its by A PASI, B DLQI, or C VAS joint pain thresholds.
N number of follow-up registry visits, DLQI Dermatology
Life Quality Index, PASI Psoriasis Area Severity Index,
VAS visual analog scale

joint pain after initiation was associated with an
increased likelihood of switching. Patients with
PASI>10 and VAS Joint Pain>40 were 14 times
more likely to switch than those with PASI<10
and VAS Joint Pain <40. Importantly, these asso-
ciations persisted following adjustment for study
covariates of interest at baseline (e.g., patient
demographics, clinical characteristics, baseline
disease activity, treatment history). This suggests
that patients with more significant disease fac-
tors due to impaired HRQoL were more inclined
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Fig.2 Relationship of A PASI and DLQI or B DLQI and
VAS joint pain with biologic switch across all follow-up
visits®. *Switch rates are represented in each cell as 2/N (%),
with 7z = number of biologic therapy switches and V= sam-
ple sizes (the number of registry follow-up visits for cach
PASI/DLQI or DLQI/VAS joint pain level). Red lines
correspond to PASI and DLQI thresholds (i.e., PASI> 10
or DLQI>5) or VAS joint pain and DLQI thresholds
(i.e., VAS Joint Pain > 40 or DLQI > 5) used in the primary
analysis. DLQI Dermatology Life Quality Index, PASI Pso-
riasis Area Severity Index, 724§ visual analog scale

to switch biologic therapies regardless of the
severity of skin involvement.

The overall findings suggest that there are
multiple factors that contribute to therapeu-
tic switch patterns. In addition to objective
measures of disease severity (i.e., PASI), fac-
tors related to HRQoL may be key drivers of
switches in biologic therapies. Our results also
demonstrate that patients may switch biologic

A\ Adis



Dermatol Ther (Heidelb) (2024) 14:2805-2825 2819
Table 5 Psoriatic disease factors and joint pain levels across all follow-up visits among switchers and non-switchers
Switchers (7 =504) Non-switchers Total
(n=4993) (N=5497)
PASI/DLQI categories,  (%)°
PASI<10and DLQI<S 217 (5.0) 4157 (95.0) 4374
PASI> 10 and DLQI<S 24 (36.4) 42 (63.6) 66
PASI <10 and DLQI> S 188 (20.8) 715 (79.2) 903
PASI>10and DLQI>5 75 (48.7) 79 (51.3) 154
Switchers® (2 =389) Non-switchers® Total
(n=3188) (N=3577)
PASI/VAS joint pain® categories, 7 (%)°
PASI <10 and VAS joint pain <40 104 (4.9) 2032 (95.1) 2136
PASI > 10 and VAS joint pain < 40 21 (41.2) 30 (58.8) 51
PASI <10 and VAS joint pain > 40 208 (16.2) 1079 (83.8) 1287
PASI > 10 and VAS joint pain > 40 56 (54.4) 47 (45.6) 103

DLQI Dermatology Life Q{ality Index, PASI Psoriasis Area and Severity Index, PsA psoriatic arthritis, 4S visual analog

scale

*All eligible follow-up visits were used and the PASI/DLQI recategorized based on these values at follow-up

®Percentage per category indicated

“Patients with a dermatologist diagnosis of PsA at initiation; scores range from 0 to 100 with higher scores indicating worse

symptom burden

therapies despite showing low disease activity,
which may further highlight the significance
of more subjectively focused, patient-centered
outcomes that contribute to disease factors,
such as joint pain and DLQI. Correspondingly,
as the most common reasons for switching bio-
logics were found to be related to ineffective-
ness, it will be valuable to develop therapeu-
tics that address PSO and PsA disease features
that encompass both disease activity (as evalu-
ated by a physician) as well as symptoms (as
assessed by a patient).

An important consideration is that the data
used for this analysis were collected from
patients with PSO and concomitant PsA duz-
ing clinical registry visits with a dermatologist
and not a rheumatologist. Differences in care
delivery based on practitioner type are not well
understood and may be associated with thera-
peutic switching patterns [35]. Consequently,
pertinent information normally collected by a

rheumatologist and specifically tailored for the
treatment of PsA may be unavailable. The extent
to which biologic switching behaviors vary
between patients with PSO and PsA managed
by dermatologists versus rheumatologists has
not been well researched, and additional studies
are needed to address whether results may differ
based on provider specialty.

Strengths and Limitations

The longitudinal nature and length of follow-
up, extending to up to 913 days (30 months)
after initiation, were strengths of this study. The
study results are generalizable to adult patients
with PSO and concomitant PsA encountered in
typical clinical practice in the US and Canada
who have been treated with a systemic biologic
therapy for up to 30 months. An additional
strength was the degree to which reasons for
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Disease Burden at Follow-Up
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Fig.3 Adjusted HRs for switching across PASI and
DLQI levels at follow-up®. *Model also included age, sex,
race, ethnicity, duration of PSO, biologic experience, base-
line PASI/DLQI category, BMI, employment status, and
number of concomitant diseases as well as biologic, non-
biologic, topical, and phototherapy history (separately);
bp <0.001; p=0.027; dOf the four possible PASI/DLQI

combinations, the point shown by the orange triangle is

switching were captured in this analysis, since
documented reasons are often limited or missing
in reports evaluating biologic switching patterns
among PSO and patients with PsA [10, 12, 36].
Finally, the total number of patients excluded
for missing covariate information at baseline
or PASI/DLQI at follow-up was small (<5%) as
the study measures were defined to minimize
or account for missing data, and any effects of
bias were expected to be minimal because of the
completeness of the registry data.

This study was subject to several limitations.
Though over half of the patient-initiations
included in the analysis had both a dermatolo-
gist diagnosis of PsA and a history of a PEST
score>3 (42.1%; n=1395), and 27.4% (n=708)
had a dermatologist diagnosis only; a smaller
percentage (18.5%; n=477) had a history of
PEST score >3 only. Therefore, this fraction

a separate value comparing the worst combination (high
PASI/high DLQI) with the best (low PASI/low DLQI)
combination; those with high PASI/low DLQI and low
PASI/high DLQI were not considered in this comparison.
BMT body mass index, CI confidence interval, DLQI Der-
matology Life Quiality Index, HR hazard ratio, PASI Pso-
riasis Area Severity Index, PSO psoriasis

may have included cases of suspected PsA.
Additionally, potential bias from excluding
treatment failures related to discontinuations
or changes in therapy occurring outside of the
42-day (6-week) window following a discon-
tinuation (e.g., selection bias) may be present.
Reasons for patients not switching biologic
therapies were not captured, thereby limit-
ing conclusions that can be drawn regarding
non-switchers with high disease activity. Given
these data were collected as individual follow-
up visits and patients were allowed to contrib-
ute multiple initiations as well as potentially
multiple follow-up visits from each initiation,
this may have impacted the degree of remain-
ing disease activity reported.

A\ Adis



Dermatol Ther (Heidelb) (2024) 14:2805-2825

2821

32

16

HR (95% CI)
S

{ 3.8(2.9, 4.9

1.4 (0.8, 2.3)°

| 10.5 (6.3, 17.4)°

14.1 (9.8, 20.5)b4

113727, 51p

0.5 -

PASI <10 PASI >10 VAS <40

Disease Burden at Follow-Up

@ VAS 240 vs. VAS <40

Fig.4 Adjusted HRs for switching across PASI and VAS
joint pain levels at follow-up®. *Model also included age,
sex, race, ethnicity, duration of PSO, biologic experience,
baseline PASI/DLQI category, BMI, employment status,
and number of concomitant diseases as well as biologic,
non-biologic, topical, and phototherapy history (sepa-
rately); bp <0.001; 9=0.276; dOf the four possible PASI/
VAS combinations, the point shown by the orange triangle

CONCLUSIONS

In this study of patients with concomitant
PSO and PsA treated with a biologic therapy
in real-world dermatology practices for up to
30 months, those with greater disease severity
and associated impacts on HRQoL were more
likely to switch biologics after initiation com-
pared with those who had lower disease sever-
ity and impact on HRQoL. This association per-
sisted following adjustment for study covariates
of interest. These data suggest that patient-cen-
tered factors impacting HRQoL may be impoz-
tant drivers of medication switch behaviors. As
such, these patient-centered factors should be
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is a separate value comparing the worst combination (high
PASI/high VAS) with the best (low PASI/low VAS) com-
bination; those with high PASI/low VAS and low PASI/
high VAS were not considered in this comparison. BMI
body mass index, CI confidence interval, DLQI Dermatol-
ogy Life Qujlity Index, HR hazard ratio, PASI Psoriasis
Area Severity Index, PSO psoriasis, VA4S visual analog scale

viewed as potential targets for clinical interven-
tions designed to optimize treatment strategies
for patients with PSO and PsA.
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