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Zusammenfassung

Die Einfithrung von Biologika zur Behandlung der moderat-bis-schweren Plaque-
Psoriasis hat die Behandlung dieser Erkrankung revolutioniert, da Biologika vielen
Patientlnnen eine anhaltende, nahezu vollstindige oder komplette Abheilung der
Hautverdnderungen ermoglichen. Nichtsdestotrotz haben kiirzlich verdffentlichte Daten
gezeigt, dass die Ergebnisse klinischer Studien nicht direkt auf PatientInnen des klinischen
Alltags iibertragen werden konnen. Zudem ist nur wenig iiber jene Faktoren bekannt, welche
die Behandlungseffektivitit bzw. die Therapietreue beeinflussen konnen. Die Nutzung von
Registern, welche Patientlnnen im klinischen Alltag erfassen, wurde zu einem niitzlichen
Instrument um Behandlungseffektivitit, Therapietreue und Medikamentensicherheit zu
analysieren.

Ziel der Dissertation war es, Daten des Osterreichischen Psoriasisregister (PsoRA) zu
analysieren, um die folgenden Fragestellungen zu behandeln:

i. Der erste Artikel handelt von Therapietreue in PatientInnen, welche Adalimumab,
Etanercept, Ixekizumab, Secukinumab oder Ustekinumab erhalten haben. Der
Artikel  beschreibt ein  behandlungsunabhingiges erhohtes Risiko  fiir
Therapieabbriiche bei Frauen sowie Patientlnnen, welche zuvor bereits eine
Biologikatherapie erhalten hatten. Zudem zeigt dieser Artikel, dass die Therapietreue
auch hinsichtlich verfiigbarer Therapiealternativen analysiert werden sollte, da die
Einfilhrung hochwirksamer neuer Therapien die Therapietreue bestehender
Biologika reduziert.

ii. Der zweite Artikel behandelt die Therapietreue bei Patientlnnen mit Apremilast und
beschreibt eine Biologika-Vortherapie sowie ein Alter < 40 bei Therapiestart als
Risikofaktoren fiir einen vorzeitigen Abbruch der Therapie. Der Befall der Kopfhaut,
der Handfldachen/FuB3sohlen, intertriginoser Areale oder Nigel, oder eine begleitende
Psoriasisarthritis  stellten dabei kein erhohtes Risiko fiir einen vorzeitigen
Therapieabbruch dar.

iii. Der dritte Artikel handelt von der Behandlungseffektivitit der kiirzlich zugelassenen
IL-23p19 Inhibitoren Guselkumab, Risankizumab und Tildrakizumab. Diese Studie
zeigte, dass alle drei Biologika &dhnliche Effektivitit besitzen, welche bei

PatientInnen mit einer Biologika-Vortherapie reduziert ist.
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iv. Der vierte Artikel beschreibt die medikations- und therapiewechselungsunabhiéngige
Effektivitdt von Biologika im ersten Behandlungsjahr. Der Artikel berichtet iiber
signifikante Verbesserungen der Therapieeffektivitit in den letzten 20 Jahren. Zudem
zeigte sich auch, dass sich PsoriasispatientInnen von vor 20 Jahren signifikant von

heutigen PsoriasispatientInnen unterscheiden.

Zusammenfassend ldsst sich festhalten, dass Biologika zu einer signifikanten
Verbesserung der Behandlungseffektivitit bei Psoriasispatientlnnen im klinischen Alltag
fiihrten. Faktoren wie weibliches Geschlecht, das Vorhandensein einer Biologika-
Vortherapie, oder die Verfiigbarkeit effektiver Therapiealternativen konnen die
Therapietreue von Biologika beeinflussen. Nichtsdestotrotz, einer/eine von drei bis fiinf
PatientInnen zeigt nach wie vor kein zufriedenstellendes Ergebnis auf Biologika-Therapien.
Psoriasisregister, welche Patientlnnen im klinischen Alltag erfassen, konnen helfen

Risikofaktoren zu identifizieren, die das Ergebnis von Biologikatherapien beeinflussen.
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Abstract

The introduction of biologics for the treatment of moderate-to-severe plaque psoriasis

has revolutionized anti-psoriatic treatment, providing sustainable complete or nearly

complete skin clearance to a large proportion of patients. However, recent data have shown

that results from clinical trials cannot automatically be applied to real-world patients.

Moreover, little is known about factors influencing treatment effectiveness or drug survival

in those patients. Therefore, real-world psoriasis registries have emerged into a valuable

instrument analysing treatment effectiveness, drug survival and safety in psoriasis patients.

The aim of this dissertation thesis was to scrutinize data from the Psoriasis Registry

Austria (PsoRA) and addresses the following topics:

i.

11.

ii.

1v.

The first article analysing drug survival in patients with adalimumab, etanercept,
ixekizumab, secukinumab, and ustekinumab, described a treatment-independent
increased risk for treatment discontinuation in female patients, as well as patients
that had been treated with biologics in the past. Moreover, this article described
that drug survival has to be analysed with regard to alternative treatment options,
as the introduction of highly effective treatments reduces the drug survival of
existing biologics.

The second article described drug survival of apremilast and reported previous
biologic exposure as well as age < 40 at treatment start, as risk factors for
treatment discontinuation, whereas the involvement of scalp, palms and/or soles,
inverse areas or nails, and concomitant arthritis did not alter drug survival of
apremilast.

The third article focused on the treatment effectiveness of the recently introduced
IL-23p19 inhibitors guselkumab, risankizumab and tildrakizumab. This study
revealed that all three drugs share similar effectiveness, which is reduced in
biologic non-naive patients.

The fourth article analysed the first-year biologic treatment effectiveness,
irrespective of the prescribed treatment or treatment switches. The article
reported significant improvement in biologic effectiveness over the last twenty
years. Moreover, apart from improvements in effectiveness, the psoriasis patient

from twenty years ago significantly differs from patients nowadays.
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Taken together, biologics have led to a significant improvement in treatment
effectiveness in real-world psoriasis patients. Factors like sex, previous biologic exposure,
or the availability of effective treatment alternatives can influence drug survival. However,
despite all progress made, one out of three to five patients do still not respond to biologic
treatment sufficiently. Real-world psoriasis registries can help to identify factors influencing

the outcome of biologic treatment.
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Introduction

Plaque psoriasis is a common autoinflammatory skin disease affecting approximately
2% of the world's population (1). A considerable proportion of these patients (20-30%)
suffers from moderate to severe disease; thus, these patients require systemic anti-psoriatic
treatment (2,3). Psoriasis is a complex disease that is associated with multiple comorbid
diseases, high psychological distress in patients and partners/relatives of psoriasis patients,
and occupational impairments, ultimately also resulting in substantial indirect economic
costs (4-9). For decades treatment of moderate-to-severe psoriasis consisted of
photo(chemo)therapy (ultraviolet [UV] B and psoralen plus UV-A [PUVA]) and
conventional systemic treatment with methotrexate, cyclosporine, retinoids (acitretin,
isotretinoin) and fumaric acid (10,11). However, most of these treatments are not capable of
long-term disease control due to high rates of primary or secondary treatment failure, adverse
events and cumulative toxic effects (2,12—20). The turn of the millennium ushered a new
therapeutic era, as the first monoclonal antibodies and fusion proteins (targeting TNF-o.) —
also referred to as biologics — have revolutionized anti-psoriatic treatment (2,21,22). These
biologics target specific cytokines that are crucial for the pathogenesis of psoriasis (23).
Continuous research in this area has led to the discovery of more target cytokines (i.e. IL-17
and IL-23) contributing to the disease and has resulted in the development of highly effective
and self-injectable drugs (24-29). Moreover, the armamentarium of orally administrable
drugs has also expanded in 2015 with the phosphodiesterase-4 (PDE-4) inhibitor apremilast.
Apremilast has shown to be an effective anti-psoriatic drug leading to the improvement and
remission of skin lesions and symptoms of psoriatic arthritis in clinical trials compared to
the placebo group (30,31). However, the efficacy, safety, and treatment adherence of clinical
trials cannot automatically be translated into the outcome of routine care, because real-world
patients may differ from patients in clinical trials (32,33). In fact, recent studies estimated
that 46.6-78.4% of patients would not have been eligible for clinical trials due to strict
inclusion and exclusion criteria, and a worse effectiveness and a higher risk for serious
adverse events for such patients were reported (32,33). Therefore, the monitoring of
treatment effectiveness, adverse events, and treatment adherence/persistence in real-world
patients receiving those drugs has become necessary, as these parameters determine the
clinical outcome in this population (34-36). All these parameters can be studied using real-

world data registries, which have emerged as crucial instruments for this purpose (37,38).
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Nevertheless, despite all progress, psoriasis is a chronic disease and biologic treatment was
considered to be a symptomatic treatment with reoccurrence and worsening of skin lesions
and joint pain after treatment discontinuation in most patients (11,39,40). However, recent
real-world data show a potential disease-modifying effect on the development and
progression of psoriatic arthritis, as well as prohibiting effect on the development of severe
psoriatic disease, if biologic therapies are administered in early disease (41,42). Therefore,
dermatologists are awaiting results from the GUIDE study and the STEP-IN study, two
clinical trials designed to study the impact of guselkumab and secukinumab as potential
disease-modifying drugs (43,44). Therefore, biologics could possibly gain even more
importance as treatment may not only improve skin lesions and patients” health-related
quality of life, but could significantly reduce the indirect costs of psoriatic disease in the
future (4). This is in part already reflected in the holistic approach of personalized treatment
selection, which takes into account the disease severity, involvement of sensitive body sites,
health-related quality of life, patient comorbidities, the patient’s life plans, and both the
physician’s and patient’s treatment preferences (45-47).

Disease severity can be measured using the Psoriasis Area and Severity Index
(PASI), which is a score calculated by physicians (48,49). For the calculation of PASI,
physicians use three parameters (erythema, scaling and induration) to assess the severity of
skin lesions (graded from O [normal] to 4 [maximal clinical extent]) in four different body
sites (head, upper extremities, lower extremities, and trunk) (48,49). The body-site-specific
surface area is rated on a scale from O (no skin lesions) to 7 (body-site covered with skin
lesions to 90-100%). PASI is calculated using severity of skin lesions and body-site specific
surface area, ultimately resulting in a PASI between 0 and 72 (48,49). Patients with a PASI
> 10 are considered to suffer from moderate-to-severe-psoriasis (47). Therefore, these
patients are eligible for systemic treatment (47). However, as outlined above, patients with
a severe impairment of health-related quality of life, involvement of sensitive body sites, or
comorbid diseases may be eligible for systemic treatment with PASI < 10 (45-47).
Treatment effectiveness is frequently reported in terms of PASI response or PASI reduction
category, which describe the resolution of skin lesions to a certain extent (i.e. PASI < 50
[less than 50% resolution of skin lesions], PASI 50 [resolution of at least 50% of skin
lesions], PASI 75 [resolution of at least 75% of skin lesions], PASI 90 [resolution of at least
90% of skin lesions] and PASI 100 (complete remission) (47,50-52).
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The main goal of this dissertation thesis was to elucidate treatment effectiveness,
drug survival and treatment safety of recently introduced biologic drugs, due to the
increasing importance of these drugs in psoriatic disease and the lack of real-world data
about them. Furthermore, this dissertation aimed to analyse treatment effectiveness, drug
survival and treatment safety of the recently introduced oral anti-psoriatic drug apremilast.
Apremilast is the first drug in its class with an entirely new mode of action, however, little

real-world data for it was available at that timepoint.
This cumulative doctoral thesis comprises four first-author articles published since

2020 analyzing clinical effectiveness, safety, and drug adherence of psoriasis patients

receiving biologic or conventional systemic treatment with apremilast.
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Results

The following section briefly summarizes the results of the four original articles:

e QGraier T, Salmhofer W, Jonak C, et al. Biologic drug survival rates in the era of
anti-interleukin-17 antibodies: a time-period-adjusted registry analysis. BrJ
Dermatol. 2021 Jun;184(6):1094-1105. (Original article) (37)

e Graier T, Weger W, Sator PG, et al. Effectiveness and clinical predictors of drug
survival in psoriasis patients receiving apremilast: A registry analysis. JAAD Int.
2020 Dec;2:62-75. (Original article) (53)

e Graier T, Weger W, Jonak C, et al. Real-world effectiveness of anti-interleukin-23
antibodies in chronic plaque-type psoriasis of patients from the Austrian Psoriasis
Registry (PsoRA). Sci Rep. 2022 Sep;12(1):15078. (Original article) (50)

e Qraier T, Salmhofer W, Jonak C, et al. Evolution of characteristics and biologic
treatment effectiveness in patients of the Austrian psoriasis registry from 2004-

2022. J Dtsch Dermatol Ges. 2023 Dec;21(12):1513-23. (Original article) (54)

The article titled “Biologic drug survival rates in the era of anti-interleukin-17
antibodies: a time-period-adjusted registry analysis” scrutinized data from 1572 patients
(36.5% women), who received a total of 1848 biologic treatment cycles consisting of 294
cycles adalimumab, 96 etanercept, 406 ixekizumab, 390 secukinumab and 662 cycles with
ustekinumab (37). Concomitant psoriatic arthritis was present in 547 patients (34.7%) (37).
The mean PASI at treatment start was highest in patients receiving ixekizumab and
secukinumab with a PASI of 9.65 and 9.60, followed by ustekinumab, adalimumab and
etanercept with a PASI of 8.20, 7.23 and 6.07, respectively (37). Twelve months after
treatment start the observed PASI values were lowest for patients receiving ixekizumab
(0.90) and secukinumab (0.99), followed by ustekinumab (1.08), etanercept (1.98) and
adalimumab (2.13) (37). Similar rankings were observed in LOCF analysis, except for
ustekinumab, which achieved lowest PASI score and adalimumab achieving the second
lowest PASI prior to etanercept (37). The 12-months drug survival rates were highest for
ustekinumab (89.0%) and ixekizumab (86.0%), followed by secukinumab (78.1%),
adalimumab (76.5%) and etanercept (66.0%) (37). A treatment-independent increased risk
for treatment discontinuation was found for female gender (relative HR 1.50, p =0.019) and

patients with previous biologic treatment (relative HR 2.10, p < 0.001), but not for patients
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with concomitant psoriatic arthritis (relative HR 1.12, p = 0.21) (37). The introduction of
ixekizumab increased the risk for treatment discontinuation in the remaining biologic drugs
(relative HR 1.6, p = 0.001), irrespective of the prescribed treatment (p = 0.858) (37). Five
hundred forty-four treatment (29.4%) treatment cycles were discontinued (37). The main
reasons for discontinuation were primary therapeutic failure (30.3%), secondary treatment
failure (26.1%), and side effects (17.3%), with differences in the reason for treatment

discontinuation in the drug-specific analysis (37).

For the article titled “Effectiveness and clinical predictors of drug survival in
psoriasis patients receiving apremilast: A registry analysis” data from 367 patients (37.6%
women) receiving apremilast were eligible for analysis (53,55). Concomitant psoriatic
arthritis was observed in 21.8% of male patients and 28.3% of female patients (p = 0.21)
(53). The most frequently psoriasis type treated with apremilast was plaque type (87.7%),
followed by involvement of nails (24.8%), scalp (20.2%), palms and/or soles (11.2%), or
inverse/genital involvement (10.1%) (53). In total, 83.9% of the patients had already
received previous treatment with phototherapy, conventional systemic or systemic biologic
treatment (53). Mean PASI (SD) at treatment start was 6.48 (6.37) and declined to 3.76
(5.58) and 2.84 (6.13) 3 and 12 months after treatment start in the per protocol analysis,
respectively (53). In the LOCF analysis, mean PASI (SD) decreased to 5.03 (5.96) 3 months
after treatment start, and to 4.79 (6.21) 12 months after treatment start (53). The analysis
regarding the achievement of treatment goals revealed that 36.8% and 56.4% of patients
achieved a PASI 75 response at 3 and 12 months after treatment start, whereas this was only
the case for 23.5% and 31.9% of patients in the LOCF analysis (53). The median survival
time of apremilast was 15.7 months, and after 12 months drug survival rate was 57.3% (53).
The risk for treatment discontinuation was not influenced by female gender (RR 0.885, p =
0.4077), concomitant psoriatic arthritis (RR 0.893, p =0.5126) or obesity (0.576, p =0.1075)
(53,55). Additionally, drug survival of apremilast was not significantly altered in patients
with involvement of palms and soles (RR 0.986, p = 0.9526), scalp (RR 1.228, p = 0.2396),
nails (RR 1.143, p =0.4288) or inverse involvement (RR 0.989, p = 0.9662) (53). However,
drug survival decreased significantly in patients younger than 40 years (RR 1.493, p =0.008)
(53). Furthermore, due to two coding errors, 48 patients were falsely considered to be
biologic-naive (53,55). This led to a wrong evaluation of the drug survival of apremilast in
this subgroup analysis (53,55). We initially reported no increased risk for treatment

discontinuation in apremilast patients (RR 1.269, p = 0.108) (53). In fact, previous biologic
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treatment increases the risk for treatment discontinuation in apremilast patients (RR 1.662,
p = 0.002) (53,55). These errors, as well as a correction of the relative risk of previous
biologic treatment, drug survival rates of biologic naive and non-naive patients, and a
clarification regarding previously prescribed treatments were reported to the journal and
published as a correction letter (55). The main reasons for treatment discontinuation were
primary treatment failure (32.3%), side effects (31.3%) and secondary loss of efficacy
(20.5%) (53). The most frequently reported side effects leading to treatment discontinuation
were gastrointestinal symptoms (16.3%), symptoms of depression (5.6%) and headache
(4.1%). After discontinuation of apremilast 61.6% of patients received subsequent treatment

with biologics (53).

The article “Real-world effectiveness of anti-interleukin-23 antibodies in chronic
plaque-type psoriasis of patients from the Austrian Psoriasis Registry (PsoRA) contains data
from 197 patients (34.0% females) receiving IL-23p19 inhibitors (50). The most frequently
prescribed drug was guselkumab (127 treatment cycles) followed by risankizumab (55
treatment cycles) and tildrakizumab (15 treatment cycles) (50). Concomitant psoriatic
arthritis was reported in 51 patients (25.9%) (50). There were no significant differences
regarding patient characteristics, class of previous biologic treatment, or number of previous
biologic therapies (50). The observed mean PASI (SD) in guselkumab patients decreased
from 8.42 (7.13) to 1.82 (3.34) and to 1.22 (2.84) at 3 and 12 months after treatment start,
respectively (50). In risankizumab patients the observed mean PASI (SD) decreased from
10.07 (7.28) to 1.34 (2.28) at 3 months and to 0.93 (1.80) at 12 months after treatment start
(50). In tildrakizumab patients the observed mean PASI (SD) decreased from 11.0 (9.74) to
4.13 (6.95) at 3 months and increased to 5.40 (6.79) at 12 months after treatment start (50).
In general, similar but slightly higher PASI values were reported in the LOCF analysis (50).
Moreover, Kruskal-Wallis test revealed significant differences regarding PASI for the LOCF
analysis at 6 (p = 0.034) and 12 months (p = 0.024) after treatment start (50). However,
significant differences were only found between risankizumab and tildrakizumab (p = 0.041)

after post hoc analysis (50).

The fourth article, “Evolution of characteristics and biologic treatment effectiveness
in patients of the Austrian psoriasis registry from 2004-2022” scrutinized data from 2729
patients (54). The study revealed significant changes in patient and disease characteristics

since the introduction of biologics in Austria, as well as differences regarding treatment
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effectiveness (54). A significant increase in the proportion of female patients nowadays
(third-generation era) was observed compared to the former eras (36.5% vs. 29.9% and
32.6%, p < 0.001) (54). Concomitant psoriatic arthritis was reported less frequently in the
third-generation era (30.0%) compared to the first-generation (36.6%) and second-
generation era (33.0%) (p < 0.001) (54). The mean PASI (SD) significantly decreased from
17.9 (8.4) in the first-generation era to 9.0 (7.4) in the third-generation era (p < 0.001), while
the proportion of patients with a PASI < 3 at treatment start significantly increased from
0.2% 1in the first-generation era to 18.6% in the third-generation era (p < 0.001) (54).
Furthermore, mean (SD) psoriatic disease duration prior to biologic treatment start
significantly shortened from 20.5 (11.0) in the first-generation era to 15.9 (12.9) in the third-
generation era (p < 0.001) (54). Treatment discontinuation and switches to other treatments
were more frequently reported in the first-generation era (23.7% and 15.9%) compared to
the third-generation era (5.5% and 9.4%) (p < 0.001) (54). However, an observation period
shorter than one year was more frequently observed in the third-generation era (32.6%)
compared to the former eras (1.3% and 4.7%) (54). Significantly higher rates of PASI 100,
PASI 90, PASI 75 and PASI 50 response were observed in the third-generation era compared
to the former eras (p < 0.001) at 3, 6 and 12 months after treatment start (54). LOCF analysis
revealed a similar trend, though to a lower percentage (54). These findings are well in line
with improvement in PASI (54). The mean (SD) observed PASI decreased from 5.6 (5.8) in
the first-generation era to 1.2 (2.7) in the third-generation era three months after treatment
start (p < 0.001), and from 4.6 (6.1) to 1.1 (2.8) twelve months after treatment start (p <
0.001) (54).
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Discussion

The introduction of biologics since the start of the millennium has revolutionized
anti-psoriatic treatment with a large proportion of patients achieving excellent treatment
response (i.e. PASI 90 and PASI 100 response) (24-27,29). However, data from clinical trials
regarding efficacy and safety may differ from outcome in patients in daily routine (32,33).
In fact, reports from French and British psoriasis registries revealed that 46.6-78.4% of
patients in daily routine would not have been eligible for clinical trials mainly due to
insufficient disease severity or comorbid disease or older age (32,33). Furthermore, a higher
incidence of adverse events and worse clinical effectiveness were observed in these patients
(32,33). Moreover, a shorter drug survival in non-eligible patients was reported, but did not
reach statistical significance (33). These results highlight the importance of real-world data
registries as tools to investigate effectiveness, safety and drug survival in psoriasis patients
receiving modern treatments.

In the herein presented study analyzing patient characteristics and clinical
effectiveness, irrespective of the prescribed treatment or treatment switches, significant
changes were observed with the continuous introduction of more effective biologic drugs
since 2004 (54). The significant increase in female patients, treated with biologics, reported
in this study (from 29.9% in the first-generation era to 36.2% in the third-generation era),
was also observed in health data from Spain (from 38.0% in the period from 2008-2010 to
46.0% 1in the period from 2015-2018) (54,56). A similar trend was also reported from
Germany with a non-significant increase in the proportion of female patients under
dermatological treatment (from 42.2% in 2004/2005 to 45.2% in 2016/2017) (57). The
decrease in rates of concomitant psoriatic arthritis in our study (from 36.6% in the first-
generation era to 30.0% in the third-generation era) was also observed in Spanish patients
(from 19.0% in the period from 2008-2010 to 14.0% in the period from 2015-2018) (54,56).
Moreover, our study revealed that the mean (SD) duration of psoriatic disease significantly
decreased from 20.5 (11.0) years in the first-generation era to 15.9 (12.9) years in the third-
generation era (54). This finding is well in line with data from Spain where a decrease in
mean (IQR) disease duration was observed from 16.9 (9.3-27.0) in the period from 2008-
2010 to 13.9 (6.5-26.2) in the period from 2015-2018 (56). Disease severity in terms of mean
PASI (SD) significantly decreased from 17.9 (8.4) in the first-generation era to 9.0 (7.4) and

is consistent with observations for dermatological treated patients from Germany reporting
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a decrease from 11.4 (9.6) in 2004/2005 to 7.1 (7.8) in 2016/2017, as well as for patients
treated with biologics from Spain reporting a decrease in mean PASI (IQR) from 14.0 (9.6-
20.0) for the period from 2008-2010 to 10.0 (6.4-14.4) for the period from 2015-2018
(54,56,57). Of note, the significantly reduced rates of concomitant psoriatic arthritis reported
in our study and the Spanish study could be a result of the reduced disease duration, that had
been observed, in these cohorts (54,56). In fact, recent studies have shown that subclinical
psoriatic arthritis is already present in early psoriatic disease and that treatment with
biologics in early disease could delay or even prevent the transition to manifest arthritis
(42,54,56,58). Moreover, the decrease in disease duration prior to biologic treatment start,
which had been observed in our and the Spanish study, could also contribute to the reported
lower disease severity (as measured in PASI), as disease severity can increase with
cumulative disease duration (3,54,56). Moreover, biologics have also been reported to have
beneficial effects on other comorbid diseases including depression and cardiovascular
disease (59,60).

Of note, disease duration and the assumed disease-modifying effect in early disease have
emerged as an intensively investigated topic in clinical trials, but remain to be a double-
edged sword (43,44). On the one hand, early intervention with secukinumab in patients with
new onset psoriasis led to superior skin and health-related quality of life improvement
compared to narrowband-UVB treatment at week 52 in the study (61). Moreover, another
trial analyzed treatment responses in patients receiving guselkumab with a disease duration
of <2 and > 2 years and observed significantly higher response rates in patients with shorter
disease duration at week 28 of the trial (62). However, on the other hand most psoriasis
patients suffer from mild disease for years prior to developing moderate-to-severe disease
and, thus, are not in need for highly effective systemic therapies directly after disease onset
(3). Moreover, both trials are still ongoing and reports regarding long-term effects are not
available yet (61,62). The decrease in disease severity is also influenced by a significantly
higher rate of patients starting biologic treatment with a PASI < 3, namely from 0.2% in the
first-generation era to 18.6% in the third-generation era (54). Further characterisation of
these patients revealed that significantly more patients were smokers (57.1% in the PASI <
3 group compared to 42.6% in the PASI > 3 group, p = 0.02493), females (42.5% versus
33.7%, p =0.011) and suffering from concomitant arthritis (42.5% versus 25.7%, p < 0.001)
(54). Moreover, palmar and/or plantar involvement was more frequently observed in patients
with a PASI < 3 (39.1%) compared to patients with a PASI > 3 (16.0%), whereas scalp

involvement was less frequently observed in patients with PASI < 3 (33.8%) compared to

24



patients with a PASI > 3 (43.2%) (54). There were no significant differences regarding rates
of inverse/genital or nail involvement (54). This finding likely reflects the efforts for a more
personalized approach in psoriatic treatment and treatment selection, allowing patients with
mild and moderate disease, but treatment refractory skin lesions, comorbid diseases, severely
impaired quality of life, or involvement of intimidating body-sites to be eligible for highly-
effective biologic treatment (47,63,64).

The analysis regarding the overall biologic treatment effectiveness (i.e. independent
from specific drugs) revealed significant differences in the achievement of PASI reduction
categories (54). Observed rates for PASI 100 response increased from 11.7% and from
22.7% in the first-generation era to 38.5% and 47.6% in the third-generation era at 3 and 12
months after treatment start, respectively (54). Consequently, the observed rates for PASI
90 response were 22.0% and 39.8% in the first-generation era compared to 61.0% and 67.6%
in the third-generation era, 3 and 12 months after treatment start, respectively (54). This
indicates that nearly every second patient treated with biologics nowadays was fully relieved
from psoriatic skin lesions, and that two out of three patients have a resolution of more than
ninety percent of their skin lesions (54). Similar findings were observed in the LOCF
analysis, though, to a lower extent (54). These findings are difficult to compare to other
studies, as the treatment-independent analysis of effectiveness is not done frequently. A
smaller study from Denmark analyzing effectiveness in patients treated with the latest class
of biologic drugs, namely the IL-23pl19 inhibitors guselkumab, risankizumab and
tildrakizumab, reported an overall PASI 100 response in 25.7% and 44.4%, and an overall
PASI 90 response in 45.7% and 44.4%, at 12-17 weeks and 40-60 weeks after treatment
start, respectively (65). A study with data regarding treatment with adalimumab, etanercept,
infliximab, secukinumab and ustekinumab from Switzerland and Germany observed a PASI
75 response in 47.1%, 58,2% and 62,8% compared to 77.3%, 80.6%, and 79.8% in the third-
generation era in our study at 3, 6 and 12 months after treatment start, respectively (54,66).
The observed achievement rates for PASI < 3 at 3, 6 and 12 months after treatment start were
77.2%, 92.9% and 92.8% in our study compared to 52.0%, 64.0% and 66.7% in the Swiss
and German cohort (54,66). Moreover, PASI <2 response was reported in 64.3% and 61.3%
at 12-17 and 40-60 weeks after treatment start in Danish patients treated with IL-23p19
inhibitors, respectively (65). These results highlight the importance of the full
armamentarium of available biologics (especially IL-17 inhibitors) as effective treatments.

Of note the Danish study did not include IL-17 inhibitors at all, and the combined cohort
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from Switzerland and Germany only reported patients treated with secukinumab (not
ixekizumab), reflecting only 17.3% of all patients treated with biologics (65,66)

The improvement in treatment effectiveness can be traced back to dynamic changes
of the biologic prescription pattern since 2004 (54). In the first-generation era TNF-a
inhibitors (69.9%) were the most frequently prescribed biologics in biologic-naive patients,
followed by LFA inhibitors (30.1%) (54). The predominance of TNF-o inhibitors also
persisted in the second-generation era with 68.1% of prescribed biologics, followed by
ustekinumab as the first drug of the second-generation era with 31.5%, while the LFA-
inhibitors alefacept and efalizumab were retrieved from the market in 2011 and 2009,
respectively (54,67,68). This changed in the third-generation era when TNF-a inhibitors
became the third most frequently prescribed biologics (23.6%), after IL-17 inhibitors
(32.5%) and ustekinumab (32.0%) (54). However, the latest class of biologics (IL-23p19
inhibitors) were administered in 11.8% of biologic-naive patients (54). Studying treatment
prescription in biologic non-naive patients in our other studies revealed that the IL-17
inhibitors ixekizumab and secukinumab (54.3%) and the IL-23p19 inhibitors guselkumab,
risankizumab and tildrakizumab (52.3%) were most frequently used in biologic non-naive
patients compared to the TNF-o inhibitors adalimumab and etanercept (32.1%) and
ustekinumab (33.5%) (37,50). Higher prescription rates of the latest classes of biologic
treatment in biologic non-naive patients have also been reported from the British biologics
registry (ixekizumab [81.8%], guselkumab [76.4%] and secukinumab [64.2%] compared to
adalimumab [25.2%] and ustekinumab [53.5%]) and a Danish cohort studying IL-23p19
inhibitors (guselkumab [100.0%], risankizumab [91.9%] and tildrakizumab [92.9%])
(65,69). Furthermore, in the international psoriasis study of health outcomes (PSoHO) a
similar trend was observed with I1L-23p19 inhibitors (48.6%) having the highest rate of
biologic non-naive patients, followed by IL-17 inhibitors (37.7%), ustekinumab (27.6%) and
adalimumab (8.8%) (70). Taking together, these findings indicate that the administration of
new biologics in biologic-naive patients progresses slowly, whereas recently introduced
drugs are more frequently prescribed in biologic non-naive patients compared to existing
biologics (37,50,54).

The general improvement in clinical effectiveness can also be observed on a single
drug level with regard to the latest biologics (37,50). Treatment effectiveness was analyzed
in two different studies: the first focused on adalimumab, etanercept, ixekizumab,

secukinumab and ustekinumab, while the other one reported effectiveness for guselkumab,
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risankizumab and tildrakizumab (37,50). Disease severity (mean PASI [95% confidential
interval]) was highest for patients treated with ixekizumab (9.65 [9.25-10.05]), followed by
secukinumab (9.60 [9.01-10.19]), ustekinumab (8.20 [7.93-8.47]), adalimumab (7.23 [6.72-
7.74]) and etanercept (6.07 [5.11-7.02]) in the first study, with significant differences
between these drugs (p = 0.028) (37). In the second study the mean (SD) PASI was found
highest for patients treated with tildrakizumab with a PASI of 11.0 (9.74) compared to
patients treated with risankizumab with a PASI of 10.07 (7.28), and guselkumab with a PASI
of 8.42 (7.13) (p = 0.227) (50). Three months after treatment start, the observed PASI was
lowest in patients treated with ixekizumab (1.70), followed by ustekinumab (2.33),
secukinumab (2.34), etanercept (2.63) and adalimumab (2.71) (37). Twelve months after
treatment start, PASI remained lowest for patients treated with ixekizumab (0.90), followed
by secukinumab (0.99), ustekinumab (1.08), etanercept (1.98) and adalimumab (2.13) (37).
Similar findings were observed in the LOCF analysis, except for adalimumab being superior
to etanercept at all measured timepoints, and ustekinumab being the most effective drug at
the 12-months analysis and afterwards (37). However, it is noteworthy that off-label dosage
(90mg ustekinumab instead of 45mg in patients < 90 kilograms) or shorter administration
intervals were most frequently observed in patients treated with ustekinumab (21.3%)
compared to etanercept (16.6%), adalimumab (13.9%), secukinumab (4.8%) and ixekizumab
(0.9%) (37). Furthermore, ustekinumab was the drug with the second highest rate of
biologic-naive patients (66.5%) compared to ixekizumab (49.8%) and secukinumab (41.5%)
(37). The superiority of ixekizumab compared to secukinumab could also be traced back to
the imbalance in biologic-naive patients between them, however, obese patients were
significantly more frequently treated with ixekizumab (18.5%) compared to secukinumab
(12.1%) (37). A recently published study with data from an Italian psoriasis cohort reported
a slightly higher PASI (mean [SD]) for patients treated with ixekizumab (2.88 [6.04]) and
secukinumab (2.76 [3.72]) at 4 months after treatment start, and a slightly higher PAST at 12
months after treatment start (ixekizumab 0.98 [2.17], secukinumab 1.69 [3.36]) compared to
our data (37,71). Of note, the worse treatment effectiveness in the Italian cohort could at
least partly be explained by the much higher PASI at treatment start (ixekizumab 17.79 [7.0],
secukinumab 15.82 [5.64]) (37,71). Data regarding effectiveness in patients treated with
adalimumab, etanercept and ustekinumab revealed lower PASI 12 months after treatment
start in our cohort compared to a British cohort, despite of a larger proportion of patients
receiving higher off label dosage (37,72). However, biologic naivety for patients receiving

those drugs was more common in the Austrian than the British cohort. (37,72). In patients
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treated with IL-23p19 inhibitors the observed PASI was lowest for risankizumab (1.34),
followed by guselkumab (1.82) and tildrakizumab (4.13) at 3 months after treatment start,
despite similar patient characteristics between these drugs (50). The superiority of
risankizumab persisted during the 12-months observation period reaching a mean PASI of
0.93, compared to 1.22 in guselkumab patients and 5.40 in tildrakizumab patients (50). A
similar ranking, but with a higher PASI was observed in the LOCF analysis (50).
Consequently, the rates for the achievement of a PASI 100 and PASI 90 response were
superior for patients treated with risankizumab as compared to guselkumab and
tildrakizumab (50). However, data for tildrakizumab in this study is limited due to the low
patient number (50). Furthermore, subgroup analysis revealed significantly lower PASI in
biologic-naive patients at 3 (p = 0.048) and 6 months (p < 0.001) as compared to non-naive
patients, despite a significantly higher PASI prior to treatment start in biologic-naive patients
(p = 0.033) (50). Of note, after adjustment for previous biologic exposure, there were no
significant differences in PASI between these biologics at 3, 6 or 12 months after treatment
start, except for 12-months PASI in biologic non-naive patients (limited by the low
tildrakizumab patient number) (50). Furthermore, the class of the previously exposed
biologic (i.e. TNF-a-, IL-17- or IL-12/23p40-inhibitor) in the group of biologic non-naive
patients appeared to have no impact on treatment effectiveness, despite significant
differences in PASI prior to treatment start between the classes (p = 0.001) (50). A slightly
higher PASI for guselkumab, risankizumab and tildrakizumab at 4 months after treatment
start was recently reported from an Italian cohort, but a lower PASI was observed 12 months
after treatment start compared to our data (50,71). A similar discrepancy could be observed
by comparing PASI 100 and PASI 90 response rates between the Italian and the Austrian
cohorts (50,71). However, rates for the achievement of a PASI < 3 were comparable between
the two cohorts (50,71). The difference in PASI between these studies could be the result of
different patient characteristics including different rates of biologic-naive patients, and
unequal PASI at treatment start (50,71). Taking together, the data indicate a high
effectiveness of IL-17 and IL-23p19 inhibitors in biologic-naive and non-naive patients
(37,50).

Furthermore, we analysed the effectiveness in terms of PASI and PASI reduction
categories for the small molecule apremilast, which was introduced in 2015 in Austria, and
for which only limited real-world data were available at that timepoint (53). The observed
mean (SD) PASI decreased from 6.48 (6.37) at treatment start to 2.84 (6.13) at 12 months

after treatment start (53). A similar trend was found in the LOCF-analysis, though with a
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higher PASI (53). Consequently, the observed PASI 100 response increased from 9.0% to
22.7%, and the PASI 90 response increased from 17.5% to 38.2% at 3 and 12 months,
respectively (53). Lower rates were reported in the LOCF analysis (53). The rates for the
achievement of a PASI 90 response are well in line with data from a Spanish cohort, but
lower than rates for PASI 100 and PASI 90 4 months after treatment start, as reported from
Greece (73,74).

The 12-months treatment survival in the biologic cohort was observed highest for
ustekinumab (89.0%), followed by ixekizumab (86.0%), secukinumab (78.1%), adalimumab
(76.5%) and etanercept (66.0%), with ustekinumab being significantly superior to all other
biologics in post-hoc analysis (37). Furthermore, ustekinumab and secukinumab were the
only biologics not reaching the median survival rate during the 4-year observation
(ixekizumab observation was only three years as the drug had just been introduced to the
Austrian market) (37). In this study, previous-biologic treatment was identified as a factor
significantly decreasing drug survival (HR 2.10, p < 0.001), irrespective of the prescribed
treatment (37). However, the superiority of ustekinumab diminished after considering the
high rates of non-naive patients in patients treated with ixekizumab and secukinumab and
adjusting for biologic naivety (37). Moreover, analysing drug survival prior to and after
introduction of ixekizumab in Austria revealed a treatment independent increased risk for
treatment discontinuation in the latter patient cohort (HR 1.60, p = 0.0013) (37). This
indicates that drug survival per se is influenced by dynamic changes in the availability of
highly effective treatment alternatives. Therefore, drug survival should be studied with
regard to the available biologic treatment options (37). Moreover, female gender (HR 1.50,
p = 0.01954005) was identified as a factor significantly decreasing biologic drug survival,
while concomitant psoriatic arthritis was not (HR 0.89, p = 0.21) (37). An increased risk for
treatment discontinuation in female patients (HR 1.28, p < 0.05) was also reported from a
British cohort (75). However, in this study only patients receiving adalimumab,
secukinumab and ustekinumab were analysed (75). In contrast to our findings, the British
study observed an increased risk for treatment discontinuation in patients with concomitant
psoriatic arthritis treated with ustekinumab (HR 1.42, p < 0.05), but the exact opposite for
adalimumab (HR 0.67, p < 0.05), and no difference in secukinumab patients (HR 0.70, p >
0.05) (37, 75). A similar constellation was reported for patients with previous biologic
treatment with an increased risk for treatment discontinuation in patients receiving
ustekinumab (HR 1.54, p < 0.05), no significant effect on secukinumab patients (HR 1.49, p
>(.05), and a decreased risk in adalimumab patients (HR 0.71, p <0.05) (75). Female gender
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as risk factor for treatment discontinuation was also reported from another British cohort,
analysing drug survival in adalimumab, etanercept, infliximab and ustekinumab (76). The
hazard ratio for female gender was 1.22 in the multivariate analysis, however, after adjusting
for the reason for treatment discontinuation (either discontinuation due to ineffectiveness or
adverse events) the hazard ratio further increased for discontinuation due to adverse events
(1.79, p < 0.05), while it was not significantly altered in female patients discontinuing
treatment due to ineffectiveness (HR 1.02, p > 0.05) (76). These findings highlight
differences in perception of treatment safety between male and female patients (76). In
contrast to our study, psoriatic arthritis was associated with a decreased risk for treatment
discontinuation (HR 0.82, p < 0.05) (37,76).

Lower drug survival rates were observed for patients treated with apremilast with a
12-months survival rate of 57.3% and a median survival time of 15.7 months (53). In contrast
to drug survival in the biologic cohort, drug survival of apremilast was not altered by gender
(HR 0.885, p=0.4077) (53). However, similar to drug survival in biologics, the drug survival
of apremilast significantly decreased in patients with previous biologic treatment (HR 1.662,
p = 0.002), while it appeared not to be influenced by concomitant psoriatic arthritis (HR
0.893, p = 0.5126), fitting well in line with the results from our biologic cohort (37,53,55).
Furthermore, we identified age < 40 years at treatment start as a factor significantly
decreasing the drug survival of apremilast (HR 1.493, p = 0.007918) (53,55). Of note, the
involvement of sensitive or difficult-to-treat body sites (scalp, palms and/or soles, nails,
inverse areas) did not alter the risk of treatment discontinuation in apremilast patients. This
also accounts for obese patients, though, this result is limited by the low number of obese
patients (53,55). The results of this study have been confirmed from a Japanese cohort,
reporting no significant differences in drug survival regarding gender, concomitant psoriatic
arthritis, or involvement of sensitive body-sites (77). However, treatment duration was
slightly lower in the Japanese cohort compared to the Austrian (53,77). No significant
differences in the risk for treatment discontinuation in apremilast patients with previous
biologic treatment have been observed in a Spanish study (HR 0.97, p > 0.05) (78).
Furthermore, the authors of that study stated that no significant differences in drug survival
were observed regarding female gender, concomitant psoriatic arthritis, or scalp, nail, or
palmar and/or plantar involvement (78). However, that study only reported data on 41
patients, of whom 6 were suffering from other dermatologic conditions, limiting the results

of that study (78). Finally, no significant differences in drug survival were found in a
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Japanese cohort regarding concomitant psoriatic arthritis or previous systemic treatment

(79).
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Limitations

There are several limitations to the presented studies from PsoRA: Firstly, the data collected
in PsoRA derives mainly from tertiary treatment centres and only to a small amount from
private practices (37). Furthermore, PsoRA mainly collects data from patients with
moderate-to-severe plaque psoriasis receiving systemic and/or phototherapeutic treatment
(54). Therefore, patient and disease characteristics, as well as findings regarding drug
survival, treatment effectiveness and safety cannot automatically be attributed to patients
visiting primary and secondary care private practices, or patients with mild disease (37,54).
Moreover, direct comparisons between single drugs in psoriasis registries are difficult to
draw, as patients are not randomized to treatment cohorts, which could result in differences
in patient and disease characteristics between the cohorts (80). Additionally, the data stored
in PsoRA derives from clinical routine and not clinical trials, therefore, relevant clinical data
could be missing (including PASI), which was also reported from other registries (53). The
data reported to PsoRA does not exclude any licensed anti-psoriatic systemic drug. However,
most psoriasis registries are supported by pharmaceutical industry, and some are designed
to address specific research questions, which could result in the selection of specific
treatment classes or single drugs to be included instead of all available treatment options
(81). Finally, some of the data collected in psoriasis registries might be difficult to compare
between registries, as assessment instruments are not harmonized (i.e. using different

questionnaires to assess health-related quality of life) (81).
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Conclusion

The introduction of biologics has sustainably changed the treatment of moderate-to-
severe plaque psoriasis. However, all clinical improvements aside, there is still a
considerable number of patients, who are not responding sufficiently to anti-psoriatic
treatment. Previous biologic treatment and female gender are risk factors for an increased
risk of biologic treatment discontinuation. Moreover, treatment effectiveness is reduced in

patients, who received previous biologic treatments.

33



Bibliography

10.

11.

12.

13.

14.

15.

16.

Christophers E. Psoriasis - Epidemiology and clinical spectrum. Clin Exp Dermatol.
2001 Jun;26(4):314-20.

Sbidian E, Chaimani A, Garcia-Doval I, Doney L, Dressler C, Hua C, et al.
Systemic pharmacological treatments for chronic plaque psoriasis: a network meta-
analysis. Cochrane Database Syst Rev. 2021 Apr 19;4(4):CD011535.

Bellinato F, Gisondi P, Mioso G, Mason E, Straiotto D, Piaserico S, et al. The
transition from mild to moderate-to-severe chronic plaque psoriasis. J Eur Acad
Dermatol Venereol. 2023 Oct;37(10):e1215-e1217.

Brezinski EA, Dhillon JS, Armstrong AW. Economic burden of psoriasis in the
United States a systematic review. JAMA Dermatol. 2015 Jun;151(6):651-8.
Iskandar IYK, Ashcroft DM, Warren RB, Yiu ZZN, McElhone K, Lunt M, et al.
Demographics and disease characteristics of patients with psoriasis enrolled in the
British Association of Dermatologists Biologic Interventions Register. Br J
Dermatol. 2015 Aug;173(2):510-8.

Kojanova M, Fialova J, Cetkovska P, Gkalpakiotis S, Jircikova J, Dolezal T, et al.
Characteristics and risk profile of psoriasis patients included in the Czech national
registry BIOREP and a comparison with other registries. Int J Dermatol. 2017
Apr;56(4):428-34.

Coimbra S, Oliveira H, Reis F, Belo L, Carvalho A, Figueiredo A