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Abstract

Background: Plaque psoriasis (PsO) requires long-term treatment for symptom
control and remission; thus, a long-term pharmacological intervention is necessary.
Treatment persistence reflects long-term therapeutic effectiveness and tolerance.
Objectives: This study investigates drug persistence and compares treatment discon-
tinuation rates across biologic agents and apremilast used by PsO patients in Finland
and Sweden.

Methods: This retrospective register-based cohort study included bio-naive patients
(=18years) with moderate-to-severe PsO, who initiated treatment with abatacept,
adalimumab, brodalumab, certolizumab pegol, etanercept, golimumab, guselkumab,
ixekizumab, risankizumab, secukinumab, tildrakizumab, ustekinumab or apremi-
last during 2008-2020 in Finland or Sweden. The main analysis evaluated persis-
tence (based on duration of continuous treatment) and compared rates of treatment
discontinuation using guselkumab as reference drug, during 2018-2020 in Finland.
Treatment discontinuation was assessed by survival analysis of the time to first drug
discontinuation, including switching to other study drugs. Due to limited sample
size (n<20), certain biologics (abatacept, brodalumab, certolizumab pegol, etaner-
cept, golimumab, risankizumab and tildrakizumab) were excluded from the persis-
tence analysis.

Results: In Finland, 709 patients fulfilled the inclusion criteria during 2018-2020
for the main analysis. The highest persistence was observed for guselkumab and
ustekinumab with 90 and 85% of treated patients, respectively, continuing treat-
ment for 21 year. Comparable results were observed in the expanded cohort analysis
(index starting in 2008; 2745 bio-naive patients in Finland and 10,970 in Sweden).
Furthermore, patients treated with guselkumab in Finland showed lower treatment
discontinuation rates compared to other study drugs.

Conclusion: Guselkumab and ustekinumab demonstrated high persistence as meas-
ured by continued treatment for at least 1year. Furthermore, these treatments dem-
onstrated lower rates of discontinuation compared to other study drugs included in
the analysis. Understanding the balance between efficacy and feasibility in treatment
decisions is crucial, as feasibility may impact persistency outcomes and potentially
increase persistency rates.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium,
provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.
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INTRODUCTION

Plaque psoriasis (PsO), also known as psoriasis vulgaris, is
a chronic, immune-mediated inflammatory skin condition,
with associated comorbidities, such as depression and met-
abolic syndrome, reducing the quality of life of affected in-
dividuals."* Psoriasis has a global prevalence rate of 2%-3%
and an age-standardized incidence rate of 57.8 per 100,000
people.>* The prevalence of PsO across geographical regions
varies from0.14% in East Asia to 1.92% in Western Europe,
including Finland and Sweden.” Moderate-to-severe PsO,
which is generally defined as having extensive or widespread
disease signs and symptoms, may have a major impact on
quality of life, with around 90% of the patients requiring
long-term treatment.®

Biological treatments targeting specific components of
the immune system have achieved favourable treatment
outcomes for moderate-to-severe PsO, thereby changing
the treatment landscape.®” However, biological therapies
for PsO are commonly discontinued due to lack or loss of
efficacy or adverse events.® Additionally, apremilast is an
orally administered systemic phosphodiesterase-4 inhibitor,
indicated for patients not responding to or with a contrain-
dication to other systemic therapies and who are eligible for
systemic treatment.”'”

Treatment persistence, also referred to as drug sur-
vival, is considered an indirect indicator of treatment ef-
fectiveness and tolerability.'’ PsO is a chronic disease, and
continuous treatment is necessary for optimal symptom
control. Therefore, discontinuation of treatment is not rec-
ommended.®>'? A long-term observational study based on
quality registers reported that nearly 77% of patients with
PsO continued treatment for >1year; however, treatment
persistence decreased over longer periods (63% continued
for >2years and 53% for >3 years).'”

Real-world studies describing utilization of biologic
treatments or apremilast for moderate-to-severe PsO, par-
ticularly in the Nordic countries, are limited. To address
this research gap, we conducted a retrospective cohort study
using nationwide registers in two Nordic countries (Finland
and Sweden). The primary objective of this study was to
describe treatment persistence and compare treatment dis-
continuation rates across biologic agents and apremilast.
The main analyses were performed during a study period
of 2018-2020 in Finland, to account for large discrepancies
in follow-up time for newer therapies compared to those in
clinical use for many years. Additionally, analyses spanning
the full study period (2008-2020) were performed separately
in Finland and Sweden.

MATERIALS AND METHODS

This retrospective register-based cohort study assessed and
compared the persistence of each study agent (abatacept,
adalimumab, brodalumab, certolizumab pegol, etaner-
cept, golimumab, guselkumab, ixekizumab, risankizumab,

secukinumab, tildrakizumab, ustekinumab and apremilast)
among bio-naive adult patients with moderate-to-severe
PsO in Finland and Sweden.

Patient-level data for the entire population were ob-
tained from nationwide registers in Finland and Sweden
(Table S1), using unique personal identification numbers
assigned to all residents in the two countries, thereby en-
ablinglinkage of data to different registers. Individual-level
pseudonymized data were used. The main variables were
the study drugs and variables used to define persistence. A
complete list of variables is provided in Table S2. Dosage
assumptions to define drug supplies and the induction
dose for all dispensations were based on the administrative
instructions in the summary of product characteristics
(SPC) of each drug (Table S3). The Ethics Committee of
the Hospital District of Helsinki and Uusimaa in Finland,
and a regional ethical review board in Sweden, approved
this study, and informed consent was not required for this
registry-based study (Table S1).

Patients >18 years of age at treatment initiation (TI), with
a diagnosis of PsO (International statistical classification of
diseases and related health problems, 10th revision [ICD-10]
L40.0) or L40.9 code (Sweden only), and drug dispensations
with PsO-specific special reimbursement codes for study
drugs (Finland only; reimbursement numbers 319 and 377
[apremilast]) were included in the study. The main analyses
included patients who initiated treatment with a study drug
during the period of 2018-2019 in Finland, while expanded
analyses included patients who initiated treatment between
2008 and 2020 in Finland or Sweden (Figure S1). Index date
was defined (TI) as the date of the first dispensation of any
study drug during the study period.

Patients who were treated with study drugs or efalizumab
within 24 months before the start of the study period; had
dispensations of >2 study drugs at TI; had a primary diag-
nosis of PsO (ICD-10 code L40.0; reimbursement numbers
319 and 377 in Finland) exclusively after TI; or had non-
primary diagnoses of PsO before TL; and had <12 months
of data available before TI were excluded from the study.
Furthermore, patients on study drugs with reimbursement
codes for other indications, such as gastrointestinal disease
or hidradenitis suppurativa, were also excluded.

Patients were followed from TI until death, emigration,
the 31st day of a continuous inpatient stay, beginning of
pregnancy (40weeks prior to delivery), initiation of efali-
zumab or the end of the study period, whichever occurred
first.

The definition of persistence was based on the time from
the first dispensation of a study drug until discontinuation,
including switching to another study drug (definitions avail-
able at Table S4). Uncertainty related to actual drug use was
addressed using grace periods, defined as 100% duration of
the preceding drug supply, and this indicated the maximum
time the patient was allowed not to have drug supply to be
considered under continuous exposure period.

Descriptive statistics were used to summarize persistence
and describe the percentage of patients who continued
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(Continued)

TABLE 1

Patient characteristics

Psychiatric diagnoses (primary  No

care diagnoses)

5 (7.46%) 7 (5.26%) <5

15 (6.55%)

<5

6 (5.04%)

Yes

*Patients with >20 observations at treatment initiation are shown in the table.

®Cardiovascular diseases include hypertension, a history of cardiovascular events, and hypercholesterolemia and mixed hyperlipidaemia.

treatment at 12months, for each study drug. A competing
risk analysis was performed using the cumulative incidence
estimator (Aalen-Johansen)'® of the time to the first treat-
ment discontinuation, considering death as a competing
risk event. Unadjusted cumulative incidence curves for each
study drug were used to evaluate persistence. Rate of treat-
ment discontinuation was analysed using Cox proportional
hazards regression (Cox PH), with guselkumab as a refer-
ence drug. Unadjusted (crude) hazard ratios (HRs) with 95%
confidence intervals (CIs) were derived without any other
variables in the model. Adjusted estimates were generated
to include covariates (Table S2) in the model and account
for confounding bias. Potential confounders were carefully
selected for the covariate-adjusted Cox PH regression model
(Table S2).

Shorter follow-up periods for newer biologics, such as
brodalumab, guselkumab, ixekizumab and risankizumab,
necessitated restricting the study period to 2018-2020. The
unadjusted cumulative incidence and discontinuation rate
analyses were repeated to estimate bias due to higher like-
lihood of treatment censoring when drugs had less time on
the market. Furthermore, the expanded cohort analyses for
treatment persistence included separate study populations
from Finland and Sweden and were conducted from 2008
to 2020. This study focused on the 2018-2020 cohort in
Finland, for which persistence and rates of treatment discon-
tinuation were assessed for a maximum of 3 years (TI during
2018-2019, when all drugs were available; follow-up through
the end of 2020). Sweden was not included in the analysis
due to small sample size. Furthermore, due to limited sample
size (n<20), certain biologics (abatacept, brodalumab, cer-
tolizumab pegol, etanercept, golimumab, risankizumab and
tildrakizumab) were excluded from the persistence analysis.

Sensitivity analyses were performed for the 2018-2020
cohort from Finland. Potential misclassification of exposure
was addressed by sensitivity analyses that considered vari-
ous grace periods (0days, 90days and 50% duration of the
preceding drug supply) and administration frequencies (as-
suming maintenance without induction [Table S4]).

Furthermore, for the main analyses, potential impact of
residual confounding was assessed by the E-values for the
point estimate and for the 95% CI limit that was closest to
null."* The estimated impact of observed variables was used
as a reference for the E-values, by assuming that residual
confounding is related to and not more influential than in-
dividual measured variables.

RESULTS

Baseline characteristics and patient
demographics

The main analysis performed during the period of 2018-
2020 included 709 patients in Finland, with a mean (SD) age
ranging between 37.48 (14.52) years and 55.75 (14.71) years
across different treatment groups. Psoriatic arthritis was the
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most common comorbidity, and methotrexate was the most
commonly prescribed conventional systemic drug (Table 1).

In the main analysis, patients treated with ustekinumab
had the longest mean duration of follow-up (697 days), fol-
lowed by guselkumab (540days), while those treated with
certolizumab pegol had the shortest mean duration of fol-
low-up (229 days).

The expanded 2008-2020 cohorts included 2745 and
10,970 bio-naive patients with moderate-to-severe PsO from
Finland and Sweden registers, respectively. The total num-
ber of patients per study drug and baseline characteristics
are presented in Tables S5 and S6A for Finland and Tables S5
and S6B for Sweden.

Similar to the main analysis, patients treated with
ustekinumab had the longest mean duration of follow-up
(1284 days in Finland and 906 days in Sweden), while those

treated with risankizumab had the shortest mean duration
of follow-up (197 days in Finland and 224 days in Sweden).
However, due to its delayed entry into the market (reim-
bursement in Sweden in June 2019 and in Finland in January
2020), the risankizumab cohort had a maximum follow-up
time of 1year and the results may not be comparable with
other drugs in the expanded analyses.

Descriptive persistence

In the 2018-2020 cohort from Finland (i.e. main analysis),
the highest persistence was observed for guselkumab and
ustekinumab, with 90% and 82%, respectively, of patients
continuing treatment for >1 year (Figure 1). Furthermore, the
expanded 2008-2020 cohort from Finland had the highest

100%1

90%1

80%1

70%-

60% 1

50%1

40%

30%1

Probability of treatment discontinuation

20%1

10%1

0%

— Guselkumab

— Adalimumab

— Apremilast
— |xekizumab
Secukinumab

— Ustekinumab

0 3 6 9 12 15 18

21 24 27 30 33

Months since treatment initiation

Number of patients at risk per each drug

Guselkumab 119 112 106 68
Adalimumab 44 23 15 9

Apremilast 229 167 115 72
Ixekizumab 67 51 39 33
Secukinumab 133 103 77 61
Ustekinumab 104 99 85 72

7 0
<5 <5
29 15
13 7
29 15
48 35

FIGURE 1 Unadjusted cumulative incidence estimates for treatment discontinuation by drug among bio-naive patients with PsO in Finland during
2018-2020". 'Patients with >20 observations at treatment initiation are shown in the graph.
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persistence for guselkumab, with 90% of patients continu-
ing treatment for >1year, followed by ustekinumab (85%)
(Figure 2a). In Sweden, where persistence for guselkumab
was not measured due to small sample size, ustekinumab
(73%) and risankizumab (60%) showed the highest persis-
tence (Figure 2b).

Comparative rates of discontinuation

Inthe 2018-2020 cohort from Finland (i.e. main analysis), pa-
tients treated with guselkumab showed a lower rate of treat-
ment discontinuation compared to adalimumab (adjusted
hazard ratio [aHR]=8.00, 95% CI: 4.33-14.77), apremilast
(aHR=4.81, 95% CI: 3.05-7.58), ixekizumab (aHR=3.15,
95% CI: 1.84-5.37) and secukinumab (aHR=3.81, 95% CI:
2.42-6.01); crude HRs and aHRs are available in Table 2.
Ustekinumab and guselkumab had comparable rates of
treatment discontinuation (Figure 3). Due to small sample
size, Sweden was omitted from this analysis.

Estimated HRs indicated that the most relevant pre-
dictor of treatment discontinuation, apart from the study
drug, was the number of dermatologist encounters within
the 12 months prior to the index date. Greatest probability
(HR=1.41, 95% CI: 1.00-1.98) was observed for patients
with >10 visits. All adjusted E-values of the point estimates
(Table 2) were greater than the HR of that predictor. Given
that none of the observed effects of study drugs (Table 2)
could be explained by any individual observed confounder
alone, we assess that it is unlikely that the effect sizes would
be explained by unmeasured confounding.

The expanded cohort with treatment index during the
period of 2008-2020 showed similar results; patients treated
with guselkumab or ustekinumab showed a significantly

~ Adalimumab

~—— Apremilast

~
=1
B

= Brodalumab

o
S
X

~— Certolizumab pegol
—— Etanercept
= Golimumab

— Guselkumab

»
S
X

= Ixekizumab

Risankizumab

)
S
=

Secukinumab

Probability of treatment discontinuation
8
=

N
=1
X

= Ustekinumab

=)
B

0%

0 1 2 3 4 5 6 7 8 9 10 11 12
Years since treatment initiation

FIGURE 2

lower rate of treatment discontinuation than those treated
with adalimumab (Table S7A for Finland and Table S7B for
Sweden and Figure S2).

Sensitivity analyses for treatment discontinuation rates
using various grace periods (50% duration of the preceding
drug supply, 90days), or assuming maintenance therapy
without induction, showed that the main and sensitivity
analyses had comparable results for most of the therapies
(Figure 4). Despite differences in the estimates, the overall
statistical significance and the direction of the associations
were consistent across analyses. However, when applying a
grace period of 0days, the association became statistically
non-significant for patients treated with apremilast and
ixekizumab.

DISCUSSION

This retrospective register-based cohort study described
persistence for biologic drugs or apremilast in bio-naive pa-
tients with moderate-to-severe PsO in Finland and Sweden.
Results of the main analysis demonstrated that patients
treated with guselkumab or ustekinumab had the highest
persistence, defined as continued treatment for >1year in
Finland. In previous studies, guselkumab has also dem-
onstrated high efficacy, safety and tolerance among pa-
tients with moderate-to-severe PsO.”""” The FINGUS
study involving Finnish patients with moderate-to-severe
PsO reported a persistence probability of 86% at 1year
with guselkumab treatment.'® Similarly, high persistence
probabilities ranging between 65% and 94% have been re-
ported for guselkumab in several real-world studies with
varying follow-up periods."” ' Recent studies in Europe
have also reported positive results among patients treated

(b)

100%1

—— Adalimumab
Abatacept

—— Apremilast

= Brodalumab

—— Certolizumab pegol

— Etanercept

= Golimumab

~— Guselkumab

— Ixekizumab

Risankizumab

Probability of treatment discontinuation
8
N

Secukinumab

= Ustekinumab

0 1 2 3 4 5 6 7 8 9 10 11 12
Years since treatment initiation

Unadjusted cumulative incidence estimates for treatment discontinuation by drug among bio-naive patients with PsO in Finland and

Sweden during 2008-2020". (a) Treatment discontinuation in Finland. (b) Treatment discontinuation in Sweden. 1Non—parametric crude cumulative

incidence of treatment discontinuation with patient death as a competing risk.
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TABLE 2 Results in Finland for discontinuation analysis, bio-naive PsO, while guselkumab as a referent drug was used during 2018-2020.
Number of Incidence rate Adjusted
treatment Person-  per 1 person-year  Crude HR (95% Crude E-value  E-value
Study drugs discontinuations  years (95% CI) CI) aHR? (95% CI) (95% CI limit)  (95% CI limit)
Main analysis (n=709 patients)
Guselkumab 24 176.04 0.14 (0.09-0.20) Reference level Reference level Reference level — Reference level
Adalimumab 31 35.40  0.88(0.62-1.25) 6.53 (3.67-11.63)  8.00 (4.33-14.77)  6.45 (4.28) 7.37 (4.84)
Apremilast 144 251.75 0.57 (0.49-0.67) 4.22(2.77-6.42) 4.81 (3.05-7.58) 4.74 (3.43) 5.22 (3.71)
Ixekizumab 34 86.35 0.39 (0.28-0.55) 2.99 (1.77-5.04)  3.15(1.84-5.37)  3.65(2.33) 3.80 (2.42)
Secukinumab 81 17717 0.46 (0.37-0.57) 3.51 (2.25-5.46) 3.81 (2.42-6.01) 4.13 (2.89) 4.40 (3.07)
Ustekinumab 31 198.50 0.16 (0.11-0.22) 1.28 (0.76-2.15) 1.35(0.80-2.29) 1.65 (1.00) 1.77 (1.00)

Sensitivity analysis with a grace period of 0 days (1 =709 patients)

Guselkumab 113 41.86 2.70 (2.24-3.25)
Adalimumab 43 4.71 9.13 (6.77-12.31)
Apremilast 221 73.62 3.00 (2.63-3.43)
Ixekizumab 66 20.56 3.21 (2.52-4.09)
Secukinumab 131 27.83 4.71 (3.97-5.59)
Ustekinumab 102 28.97 3.52(2.90-4.28)

Sensitivity analysis with a grace period of 90 days (n="709 patients)

Guselkumab 18 180.59 0.10 (0.06-0.16)
Adalimumab 25 54.28 0.46 (0.31-0.68)
Apremilast 139 275.82 0.50 (0.43-0.60)
Ixekizumab 24 108.79 0.22 (0.15-0.33)
Secukinumab 60 224.67 0.27 (0.21-0.34)
Ustekinumab 29 198.74 0.15 (0.10-0.21)

Sensitivity analysis with a grace period of 50% (n=709 patients)

Guselkumab 35 164.21 0.21 (0.15-0.30)
Adalimumab 34 30.40 1.12 (0.80-1.57)
Apremilast 160 220.31 0.73 (0.62-0.85)
Ixekizumab 45 70.42 0.64 (0.48-0.86)
Secukinumab 94 145.25 0.65 (0.53-0.79)
Ustekinumab 43 180.04 0.24 (0.18-0.32)

Reference level

Reference level

Reference level

Reference level

3.37(1.88-6.02)  4.09 (2.33-718)  4.00 (2.47) 4.63 (2.97)
1.05(0.82-1.35)  1.15(0.87-1.53)  1.23 (1.00) 1.44 (1.00)
0.89 (0.70-1.13)  0.93(0.72-1.19)  1.40 (1.00) 1.29 (1.00)
173 (1.30-2.30)  1.90 (1.44-2.52)  2.28 (1.69) 2.49 (1.89)
1.08 (0.86-1.35)  1.10(0.87-1.39)  1.28 (1.00) 1.34 (1.00)

Reference level

Reference level

Reference level

Reference level

4.85(2.62-8.99)  6.17 (3.19-11.94)  5.24 (3.28) 6.20 (3.84)
5.20 (3.19-8.48) 5.72 (3.36-9.74) 5.51 (3.84) 5.89 (4.00)
2.26 (1.24-4.13)  2.43 (1.32-4.49)  2.90 (1.59) 3.09 (1.72)
2.79 (1.66-4.68) 3.09 (1.82-5.25) 3.45(2.19) 3.75(2.39)
1.54(0.85-2.78)  1.63(0.89-2.99)  2.03 (1.00) 2.15 (1.00)
Reference level Reference level Reference level ~ Reference level
5.12 (3.05-8.61) 6.07 (3.48-10.58)  5.45 (3.70) 6.13 (4.10)
3.31(2.32-4.73) 3.74 (2.56-5.45) 3.95(2.97) 4.33(3.22)
3.01 (1.93-4.68)  3.29 (2.10-5.16)  3.67 (2.53) 3.94 (2.72)
3.10 (2.11-4.53) 3.43 (2.32-5.07) 3.75 (2.74) 4.06 (2.97)
1.24 (0.81-1.91)  1.28(0.83-1.98)  1.59 (1.00) 1.66 (1.00)

Sensitivity analysis assuming maintenance treatment without an initial induction treatment (1 =709 patients)

Guselkumab 22 179.36 0.12 (0.08-0.19)
Adalimumab 27 48.28 0.56 (0.38-0.82)
Apremilast 144 251.75 0.57 (0.49-0.67)
Ixekizumab 30 99.17 0.30 (0.21-0.43)
Secukinumab 71 203.70 0.35(0.28-0.44)
Ustekinumab 31 199.21 0.16 (0.11-0.22)

Reference level Reference level Reference level ~ Reference level

4.72(2.70-8.25)  5.80 (3.17-10.62)  5.14 (3.36) 5.94 (3.82)
4.86 (3.13-7.55)  5.57(3.43-9.03)  5.25 (3.78) 5.78 (4.06)
2.54 (1.48-4.37)  2.66(1.52-4.63)  3.20 (1.95) 3.32(2.01)
2.99 (1.88-4.74)  3.23(2.01-5.21)  3.65 (2.47) 3.88 (2.62)
1.37 (0.80-2.35)  1.46 (0.84-2.53)  1.80 (1.00) 1.93 (1.00)

aHR, adjusted HR; CI, Confidence interval; HR, Hazard ratio; PsO, Psoriasis vulgaris.
Covariates used for adjustment are listed in Table S3.

with ustekinumab and guselkumab. The French National
Health Insurance Database study conducted using data
from 16,545 bio-naive patients with PsO treated with adal-
imumab, etanercept, infliximab or ustekinumab showed
that ustekinumab had the highest 1 year persistence prob-
ability (85%).”> These findings highlight the consistency
and comparability of our results with those from other
large-scale European registry-based studies. Furthermore,
two prospective cohort studies of patients with PsO, which

used data from the British Association of Dermatologists
Biologics and Immunomodulators Register and Danish
nationwide registries, reported that guselkumab had the
highest drug survival rates among all biologics included in
the study.?® The US-based retrospective study by Fitzgerald
et al. reported a higher persistence rate at 24 months for
guselkumab compared with other biologics.**
Furthermore, our results showed that guselkumab had
a lower treatment discontinuation rate compared to other
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Study drug :temnbt:' of  aHR
Guselkumab 24 ref.
Adalimumab 31 8.00 —e—
Apremilast 144 4.81 —e—
Ixekizumab 34 3.15 —eo—
Secukinumab 81 3.81 —eo—
Ustekinumab 31 1.35 —e—
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0.30 1.0 3.0 7.0 20.0

Favors comparator drug Favors reference drug

FIGURE 3 Adjusted hazard ratios for treatment discontinuation by
drug among bio-naive patients with PsO in Finland during 2018-2020."
aHR, adjusted Hazard ratio; PsO, Psoriasis vulgaris. 'Patients with >20
observations at treatment initiation are shown in the graph. Adjustments
used in the model are available in Methods section. Full HRs, CIs,
unadjusted and adjusted, are provided in Table 2. CIs included 1,
meaning that no clinically relevant differences were noted in comparative
treatment discontinuation analysis, while study drug was compared to
guselkumab.

biologic drugs in the main analysis, after accounting for the
differences in baseline characteristics. These findings are
consistent with results from other European registry-based
studies demonstrating guselkumab's high persistency com-
pared to other biologics, except ustekinumab.'>*

A major strength of our study is its robust design. Biases
related to differences in drug availability and treatment
practices over time and uncertainties regarding actual
treatment discontinuation dates were accounted for by var-
ious sensitivity analyses, and the results remained aligned.
Despite differences in the observed HRs, the overall sta-
tistical significance and direction of the associations were
consistent across analyses, supporting our conclusions re-
garding the higher persistence of guselkumab compared to
other biologic drugs or apremilast, and emphasizing the
appropriateness of the main definitions, dosage assump-
tions and methods used in this study. The data included
in this study were taken from comprehensive nationwide
registers, encompassing the entire populations of Finland
and Sweden.

Potential limitations of our study include potential bias
due to unmeasured confounding, such as disease severity
and drug use during hospitalizations. Attempts were made
to reduce confounding through model adjustment for anal-
yses for each country and inclusion of baseline measures of
potential confounders in the statistical analyses. We also
performed bias analyses using E-values and inferred that
the likelihood of effect sizes explainable by unmeasured
confounding was low but cannot be completely ruled out.
Immortal time bias was minimal as the follow-up period

began on the date of initiating drug use and not on the date
of diagnosis. Also, all dispensations of study drugs for pa-
tients within the 24 months before the start of the study
period were excluded. Furthermore, due to limited sample
size, propensity score methods could not be applied. This
increases the likelihood of errors in the estimation of effects
due to model misspecification.

Lastly, the change in treatment targets from PASI 75 to
PASI 90-100 with introduction of more efficacious thera-
pies may have led to quicker discontinuation of less-effective
therapies. **However, analyses for the 2018-2020 time-
frame are less likely to be subject to this potential bias com-
pared with the expanded 2008-2020 analyses.

Other potential limitations of the study pertain to in-
formation bias. The diagnosis of PsO was captured based
on diagnostic codes, which are subject to differences in
coding practices among physicians, regions and countries.
In Finland, the Hospital Discharge Register data did not
cover diagnoses obtained in the private healthcare sector,
thereby indicating gaps in the diagnostic data. However, in-
dividuals having any encounters in a secondary care setting
(e.g. outpatient and inpatient hospital care) during the pe-
riod from 2008 to 2020 could be considered for this study.
Furthermore, the registers did not contain information on
inpatient drug use and therefore were unknown.” To reduce
exposure uncertainty, follow-up was censored for long in-
patient stays (>30days). Also, the prescription registers did
not specify indications for the study drugs, thereby raising
the possibility of their use for conditions other than PsO,
such as Crohn's disease or rheumatoid arthritis. However, in
Finland, special reimbursement codes were utilized to iden-
tify use of study drugs specifically for the treatment of PsO.
Furthermore, patients initiating study drugs that received
marketing authorization relatively later compared to others
(e.g. brodalumab, certolizumab pegol and risankizumab)
were subject to more limited time for follow-up, resulting
in insufficient numbers of patients for deriving meaning-
ful conclusions from the analyses. Please note that tildraki-
zumab was not used in Finland and Sweden during the study
period (2008-2020) because it was not available (in Sweden,
tildrakizumab achieved reimbursement in November 2022
while in Finland, reimbursement was achieved in March
2023).

When considering the balance between efficacy and
feasibility in treatment decisions, it is important to ac-
knowledge that this compromise can impact the results
when assessing treatment persistence. If doctors prioritize
feasibility over efficacy in certain cases, such as opting for
a treatment regimen that is more convenient for the pa-
tient but may have a slightly reduced immediate effect, it
can influence the overall treatment persistence outcomes.
Understanding this dynamic is crucial when analysing the
long-term effectiveness and patient adherence to treatment
plans, especially considering that some biologics, such as
ustekinumab, are administered every 12th week, which
could contribute to increased persistence rates for certain
patient populations.
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FIGURE 4 Sensitivity analysis for treatment discontinuation by drug among bio-naive patients with PsO in Finland during 2018-2020."' aHR,

adjusted Hazard ratio; PsO, Psoriasis vulgaris. 'Patients with >20 observations at treatment initiation are shown in the graph. Adjustments used in the
model are available in Methods section. Full HRs, Cls, unadjusted and adjusted, are provided in Table 2. The following grace periods were used: 0 days
and 90days and 50% duration of the preceding drug supply. CIs included 1, meaning that no clinically relevant differences were noted in comparative

treatment discontinuation analysis, while study drug was compared to guselkumab.

CONCLUSIONS

The vast majority of patients treated with guselkumab and
ustekinumab demonstrated high persistence as measured by
continued treatment for at least 1year. Furthermore, these
therapies showed lower rates of discontinuation compared
to other biologics or apremilast, in treating moderate-to-
severe PsO during the study period, after adjusting for
baseline characteristics. Although persistence may reflect a
variety of parameters, these results support the notion that
guselkumab and ustekinumab possess better effectiveness
and tolerability compared to other biologic drugs in a real-
world setting in Finland and Sweden. Nonetheless, further
research on long-term persistence of biologic therapies in
moderate-to-severe PsO is warranted to verify these results,

especially if sample size limitations (which led to the exclu-
sion of certain treatments) can be overcome with updated
data.
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