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Abstract: Background and Objectives: Data on disease control, treatment, and quality of
life (QoL) in patients with psoriasis from Baltic countries are lacking. In this study, we
aimed to assess the disease control, treatment, and QoL of patients with psoriasis in
countries from Central and Eastern Europe, and we report data for the Baltic countries.
Materials and Methods: In a cross-sectional, international study (CRYSTAL), we retrospec-
tively assessed the real-world disease severity and QoL in adult patients (18–75 years)
from Estonia, Latvia, and Lithuania with moderate-to-severe psoriasis receiving contin-
uous systemic treatment ≥ 24 weeks. Analyses included 50 patients from each country
and were descriptive. Results: The median disease duration was 15.2–19.9 years across
the countries. Most patients (78.0% in Estonia, 100% in Latvia, and 68.0% in Lithuania)
were receiving monotherapy with biological agents, mainly TNF inhibitors. An absolute
PASI score ≤ 3 was achieved by 82.0%, 70.0%, and 64.0% of patients in the overall study
population and 89.7%, 70.0%, and 61.8% of patients receiving biologic monotherapy in
Estonia, Latvia, and Lithuania, respectively. Across the countries, impairments in QoL
as expressed by a Dermatology Life Quality Index score > 5 were reported by 14.0–34.0%
of patients, while 88.0–96.0% of patients were satisfied with their treatment. Conclusions:
Although most patients showed low absolute PASI scores and satisfaction with their evo-
lution after ≥24 weeks of systemic treatment, they still reported an impact on QoL. This
finding underlines that further optimization of systemic treatment strategies is needed to
improve outcomes in moderate-to-severe psoriasis in Baltic countries.

Keywords: drug therapy; patient-reported outcome measures; psoriasis; quality of life;
severity of illness index

1. Introduction
Psoriasis, a chronic, immune-mediated inflammatory disease of the skin, is estimated

to affect up to 4% of the general population, with a higher prevalence reported in high-
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income countries and regions [1,2]. The incidence of psoriasis has shown an increasing
trend over time since the 1990s [3], and in 2019, 4.6 million incident cases were estimated
to occur globally [4]. In addition, psoriasis impacts patients’ quality of life (QoL) to a
large extent [5,6], generating a considerable economic burden for both the patient and
society [7,8].

Epidemiologic information from most countries and regions is still lacking to date,
even for high-income settings. In the three Baltic countries, psoriasis is estimated to have
a low prevalence, but higher in the adult than the pediatric population [1,9], although
data are limited. In 2021, Hartmane et al. reported that there were around 35,000 psoriasis
patients in Estonia, 40,000 in Latvia, and 76,000 in Lithuania, and that prevalence rates were
similar and relatively low (≤2%) in all three countries [10].

Psoriasis severity and the efficacy of available treatments are evaluated using the
Psoriasis Area and Severity Index (PASI) [11]. A ≥75% reduction from the baseline (PASI 75)
in PASI scores after treatment has been the therapeutic goal for a long time. However,
with the advent of biological therapy, PASI 90 or even complete skin clearance (PASI 100)
after six months of treatment has become a very realistic target to achieve for moderate-
to-severe psoriasis patients [12,13]. Despite the difference in skin clearance, a previous
study showed that the QoL of patients achieving PASI 75 versus PASI 90 might not be
significantly different from a clinical perspective [14]. It is now generally agreed that an
absolute PASI score (not relative to baseline PASI) of ≤2 or ≤3 is a better therapeutic target
and also correlates better with Dermatology Life Quality Index (DLQI) scores than relative
PASI [15,16].

The recommendations of EuroGuiDerm include the use of systemic therapy for pa-
tients with moderate-to-severe psoriasis with either conventional or biological agents [17].
Biologics have been shown to induce adequate clinical response rates and acceptability
by patients in real-world settings [18,19], both of which are improved as compared to
conventional agents [20,21]. However, their use is still not uniformly implemented in
Central and Eastern Europe (CEE) [22], and treatment initiation with biologics can differ
considerably across European countries, as several countries adhere to national guidelines
or have different reimbursement rules. In addition, there is little available published data
on the type of treatments utilized in routine practice [22,23]. To address this knowledge
gap, we conducted an observational study (CRYSTAL study) aiming at describing psoriasis
severity through absolute PASI scores in patients with moderate-to-severe psoriasis receiv-
ing systemic treatment for ≥24 weeks in routine clinical practice in several CEE countries.
The study further describes treatment patterns, QoL, impairment of work and activity, as
well as patients’ treatment satisfaction [24]. In the Baltic states, there are incipient or no
public registries to collect data on psoriasis severity, patient characteristics, treatment, and
QoL in a comprehensive, standardized mode. Here, we report the results of the CRYSTAL
study for Estonia, Latvia, and Lithuania.

2. Materials and Methods
2.1. Study Design and Participants

The CRYSTAL study was a multi-country, multicenter, cross-sectional/retrospective
study performed between September 2020 and February 2021 in seven CEE countries.
Participants from Estonia, Latvia, and Lithuania were enrolled in 1 private and 5 public
(of which 4 were university hospitals) hospital-based centers/clinics specialized in der-
matology. All participants were assessed for their eligibility and enrolled in a single visit,
when the informed consent form was signed and study data were extracted. Treatments
for psoriasis were prescribed according to routine practice in each country. National and
local ethics committees approved the study in all participating countries. The CRYSTAL
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study was designed and conducted according to the principles stated in the Declaration
of Helsinki, the Good Pharmacoepidemiology Practices (GPP) guidelines of the Interna-
tional Society for Pharmacoepidemiology (ISPE), and the regulations of each country. The
CRYSTAL study was publicly registered in the former European Union electronic Register
of Post-Authorization Studies (EU PAS Register®) under the EU PAS number EUPAS36459.

Criteria for patients’ inclusion in the study were as follows: age between 18 and
75 years, an established diagnosis of moderate-to-severe chronic plaque psoriasis, and use
of any systemic treatment approved for psoriasis (either monotherapy or a combination
treatment) administered on a continuous basis for ≥24 weeks. Eligible patients were re-
quired to have their absolute PASI score evaluated at the initiation of their current systemic
therapy (with a window of 30 days prior and 7 days after allowed per protocol); another
assessment was planned at the time of enrollment (i.e., the study visit). Administration
of any investigational treatment within one month or five half-lives of the agent led to
exclusion from the study.

The objectives of the CRYSTAL study were previously reported in detail [24]. Here,
we present an analysis by country for the three Baltic countries (Estonia, Latvia, and
Lithuania) on the characteristics of the disease, treatment, QoL, and satisfaction with
treatment outcomes of patients with moderate-to-severe psoriasis routinely managed with
systemic therapy.

2.2. Data Collection

At the study visit, the data collected included current sociodemographic, anthropo-
metric, and lifestyle characteristics; comorbidities; disease characteristics and severity by
absolute PASI; and treatment for psoriasis. Patient-reported outcomes in terms of QoL,
work productivity and activity impairment (WPAI), and patient satisfaction with treatment
were also collected. Retrospective data comprised disease characteristics at the time of
psoriasis diagnosis, relevant medical history, prior psoriasis treatments, and the status of
current treatment from its start until enrollment day (i.e., start date, starting dose, and dose
escalations). A password-protected, web-based data capture (WBDC) electronic system
was used for data collection by the study investigator at each site.

The scores of the questionnaires completed by patients, namely the DLQI, EQ-5D-
5L (including the EuroQol Visual Analogue Scale (EQ-VAS)), WPAI-PSO, and patient
satisfaction questionnaire (paper format), were calculated as indicated in File S1.

2.3. Statistical Analysis

The sample size calculation for the entire study was previously described in detail.
Sample size considerations were not applied by country, but a minimum of 50 patients
from each country was planned for enrollment.

Statistical analyses were descriptive; analyses were also performed by country for
selected objectives (a list of endpoints is presented in File S2). All analyses were performed
on the full analysis set (FAS), which included all eligible patients from each country with
available data. Additional analyses (as feasible) were conducted in subgroups stratified by
current systemic therapy and by the absolute PASI score as assessed at the study visit.

SAS statistical software package was used.

3. Results
3.1. Patient, Disease, and Treatment Characteristics

In each country, 50 patients were enrolled, and all were included in the full analysis
set. Participants were enrolled at public (for 140 patients, of whom 120 attended university
hospitals) and private (for 10 patients) hospitals/clinics.
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The median age at enrollment was 45.5 years in Estonia, 47.0 years in Latvia, and
49.8 years in Lithuania. Most patients (≥68.0% in each country) were male. Most patients
(48.0% in Estonia, 76.0% in Latvia, and 54.0% in Lithuania) had ongoing comorbidities at
study visit (Table 1).

Table 1. Patient characteristics at the study visit (full analysis set in each country).

Characteristic Estonia
(N = 50)

Latvia
(N = 50)

Lithuania
(N = 50)

Sociodemographics
Median (IQR) age, years 45.5 (39.6–55.7) 47.0 (37.1–56.6) 49.8 (35.1–59.8)
Male sex, n (%) 37 (74.0%) 36 (72.0%) 34 (68.0%)
Employment status, n (%)

Employed (paid employee/self-employed) 41 (82.0%) 41 (82.0%) 35 (70.0%)
Unemployed 7 (14.0%) 4 (8.0%) 5 (10.0%)
Retired 1 (2.0%) 3 (6.0%) 8 (16.0%)
Student 1 (2.0%) 2 (4.0%) 2 (4.0%)

Anthropometrics
Mean (SD) weight, kg 93.9 (19.1) 90.3 (18.0) 88.7 (21.0)
Mean (SD) height, cm 178.0 (8.7) 177.0 (9.4) 174.0 (10.1)
Mean (SD) body mass index, kg/m2 29.7 (5.9) 28.7 (4.7) 29.3 (6.7)

Lifestyle
Smoking status, n (%)

Never a smoker 12 (24.0%) 26 (52.0%) 21 (42.0%)
Occasional smoker 3 (6.0%) 5 (10.0%) 0 (0.0%)
Current smoker 18 (36.0%) 9 (18.0%) 10 (20.0%)
Former smoker 17 (34.0%) 10 (20.0%) 19 (38.0%)

Alcohol consumption in the last month, n (%)
No alcohol consumption 6 (12.0%) 17 (34.0%) 24 (48.0%)
Occasional (1–2 units/week) 39 (78.0%) 32 (64.0%) 23 (46.0%)
Regular (>2 units/week) 4 (8.0%) 1 (2.0%) 3 (6.0%)
Not reported/unknown 1 (2.0%) 0 (0.0%) 0 (0.0%)

Comorbidities
Median (IQR) number of comorbidities at study visit 0.0 (0.0–2.0) 1.0 (1.0–3.0) 1.0 (0.0–1.0)
Clinically significant medical/surgical history and comorbidities, n (%)

Overall 31 (62.0%) 39 (78.0%) 31 (62.0%)
Vascular disorders 14 (28.0%) 14 (28.0%) 18 (36.0%)
Metabolism and nutrition disorders 13 (26.0%) 16 (32.0%) 8 (16.0%)
Cardiac disorders 3 (6.0%) 2 (4.0%) 6 (12.0%)
Surgical and medical procedures 6 (12.0%) - 6 (12.0%)
Endocrine disorders 1 (2.0%) 15 (30.0%) 4 (8.0%)
Musculoskeletal and connective tissue disorders 7 (14.0%) 4 (8.0%) 3 (6.0%)
Infections and infestations 6 (12.0%) 5 (10.0%) 2 (4.0%)
Hepatobiliary disorders 3 (6.0%) 12 (24.0%) 1 (2.0%)
Gastrointestinal disorders - 9 (18.0%) 2 (4.0%)
Respiratory, thoracic and mediastinal disorders 2 (4.0%) 7 (14.0%) 3 (6.0%)

Past 18 (36.0%) 11 (22.0%) 12 (24.0%)
Ongoing 24 (48.0%) 38 (76.0%) 27 (54.0%)

IQR: interquartile range; N: total number of patients; n (%): number (percentage) of patients in each category;
SD: standard deviation. Note: Comorbidities with an incidence of at least 10% in each country have been added.
The comorbidities were classified using the Medical Dictionary for Regulatory Activities (MedDRA) v24.0.
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The proportion of patients with active psoriatic arthritis varied across the countries:
4.0% in Estonia, 16.0% in Latvia, and 24.0% in Lithuania. The median age at the onset
of psoriasis signs and symptoms was 20.7 years in Estonia and Latvia and 17.9 years in
Lithuania. The median disease duration ranged across countries from 15.2 years (Lithuania)
to 19.9 years (Latvia) (Table 2).

Table 2. Disease characteristics (full analysis set in each country).

Characteristic Estonia
(N = 50)

Latvia
(N = 50)

Lithuania
(N = 50)

Median (IQR) age at onset of psoriasis signs and
symptoms, years 20.7 (14.1–31.5) 20.7 (11.9–30.7) 17.9 (15.1–27.4)

Median (IQR) age at plaque psoriasis diagnosis, years 22.9 (13.9–35.3) 21.0 (13.6–33.3) 29.4 (17.7–40.9)
Median (IQR) time from the onset of psoriasis signs and
symptoms to diagnosis of plaque psoriasis, years 0.0 (0.0–0.9) 0.0 (0.0–1.0) 3.1 (0.0–15.8)

Median (IQR) time from diagnosis of plaque psoriasis to
study visit, years 19.0 (13.0–34.9) 19.9 (11.7–27.7) 15.2 (4.5–27.0)

Presence of psoriatic plaques, n (%) 31 (62.0%) 36 (72.0%) 48 (96.0%)
Psoriasis severity at initial diagnosis, n (%)

Mild 15 (30.0%) 13 (26.0%) 19 (38.0%)
Moderate 13 (26.0%) 9 (18.0%) 8 (16.0%)
Severe 3 (6.0%) 0 (0.0%) 22 (44.0%)

Positive family history of psoriasis, n (%) 21 (42.0%) 29 (58.0%) 27 (54.0%)
History of psoriatic arthritis, n (%) 17 (34.0%) 17 (34.0%) 26 (52.0%)
Active psoriatic arthritis, n (%) 2 (4.0%) 8 (16.0%) 12 (24.0%)
Presence of dactylitis, n (%) 2 (4.0%) 1 (2.0%) 1 (2.0%)
Presence of spondylitis, n (%) 3 (6.0%) 3 (6.0%) 1 (2.0%)
Presence of enthesitis, n (%) 2 (4.0%) 8 (16.0%) 0 (0.0%)
Presence of nail psoriasis, n (%) 10 (20.0%) 9 (18.0%) 25 (50.0%)
Severe itching or pruritus over the last 7 days, n (%) 6 (12.0%) 16 (32.0%) 20 (40.0%)

IQR: interquartile range; N: total number of patients; n (%): number (percentage) of patients in each category.

At the current systemic treatment initiation, almost all patients (100% in Estonia and
Latvia and 94.0% in Lithuania) had received at least one other prior therapy which had been
discontinued. Across the countries, 28.0–54.0% and 48.0–98.0% of patients had received a
prior biologic and non-biologic systemic treatment, respectively. In addition, 68.0–100%
of patients had received at least one prior topical treatment, and 70.0–84.0% had received
prior photo (chemo) therapy. The prior systemic treatment was with biologic agents for
54.0% of patients in Estonia, 50.0% in Latvia, and 28.0% in Lithuania.

The median period of receiving the current systemic treatment was 28.2 months in
Estonia, 18.4 months in Latvia, and 28.9 months in Lithuania. Most patients (92.0% in
Estonia, all in Latvia, and 72.0% in Lithuania) were receiving monotherapy; biological
agents (mainly tumor necrosis factor (TNF) inhibitors) were used for 78.0%, 100%, and
68.0% of patients in Estonia, Latvia, and Lithuania, respectively. Combination therapy was
used for 8.0% of patients in Estonia and 28.0% of those in Lithuania (Table 3). Among
patients receiving biological monotherapy, treatment was escalated (i.e., either the dose
was increased or the time between doses was decreased) in at least 2 (5.1%) patients in
Estonia, 1 (2.0%) patient in Latvia, and 7 (20.6%) patients in Lithuania, mostly due to
insufficient response.
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Table 3. Current systemic treatment characteristics (full analysis set in each country).

Characteristic Estonia
(N = 50)

Latvia
(N = 50)

Lithuania
(N = 50)

Current systemic treatment for psoriasis, n (%)
Monotherapy 46 (92.0%) 50 (100%) 36 (72.0%)

Monotherapy with biological agent 39 (78.0%)) 50 (100%) 34 (68.0%)
TNF inhibitor 20 (40.0%) 29 (58.0%) 25 (50.0%)

Adalimumab 12 (24.0%) 29 (58.0%) 14 (28.0%)
Infliximab 7 (14.0%) 0 (0.0%) 2 (4.0%)
Etanercept 1 (2.0%) 0 (0.0%) 9 (18.0%)

IL-17 inhibitor (secukinumab) 7 (14.0%) 1 (2.0%) 0 (0.0%)
IL-12/23 inhibitor (ustekinumab) 10 (20.0%) 20 (40.0%) 9 (18.0%)
IL-23 inhibitor 2 (4.0%) 0 (0.0%) 0 (0.0%)

Guselkumab 1 (2.0%) 0 (0.0%) 0 (0.0%)
Risankizumab 1 (2.0%) 0 (0.0%) 0 (0.0%)

Monotherapy with conventional agent 7 (14.0%) 0 (0.0%) 2 (4.0%)
Methotrexate 6 (12.0%) 0 (0.0%) 2 (4.0%)
Ciclosporin 1 (2.0%) 0 (0.0%) 0 (0.0%)

Combination therapy 4 (8.0%) 0 (0.0%) 14 (28.0%)
TNF inhibitor + conventional agent 3 (6.0%) 0 (0.0%) 12 (34.0%)

Methotrexate + adalimumab 1 (2.0%) 0 (0.0%) 1 (2.0%)
Methotrexate + infliximab 2 (4.0%) 0 (0.0%) 8 (16.0%)
Methotrexate + etanercept 0 (0.0%) 0 (0.0%) 3 (6.0%)

IL-12/23 inhibitor + conventional agent 1 (2.0%) 0 (0.0%) 2 (4.0%)(ustekinumab + methotrexate)
IL-17 inhibitor + conventional agent 0 (0.0%) 0 (0.0%) 0 (0.0%)

Median (IQR) duration of current systemic treatment, months
Overall 28.2 (14.9–46.1) 18.4 (13.8–22.4) 28.9 (12.2–57.5)

Monotherapy 26.9 (14.0–46.0) 18.4 (13.8–22.4) 19.4 (11.7–47.6)
Biological agents 28.4 (13.3–47.5) 18.4 (13.8–22.4) 19.4 (11.8–48.6)
Conventional agents 25.8 (14.9–37.3) - 18.9 (8.8–29.0)

Combination therapy 55.6 (32.7–92.5) - 51.5 (41.5–92.1)
Median (IQR) PASI score at the initiation of current systemic treatment
Overall 13.7 (10.6–16.0) 18.5 (15.0–24.0) 28.9 (12.2–57.7)

Monotherapy 13.9 (10.6–16.8) 18.5 (15.0–24.0) 19.4 (11.7–47.6)
Biological agents 13.8 (10.6–16.0) 18.5 (15.0–24.0) 19.4 (11.8–48.6)
Conventional agents 15.6 (6.7–25.0) - 18.9 (8.8–29.0)

Combination therapy 13.2 (10.2–14.8) - 51.5 (41.5–92.1)
Mean (SD) PASI score at study visit
Overall 1.6 (2.3) 4.0 (6.2) 3.7 (4.8)

Monotherapy 1.6 (2.4) 4.0 (6.2) 4.1 (5.2)
Biological agents 1.1 (1.8) 4.0 (6.2) 3.9 (5.3)
Conventional agents 4.6 (3.4) - 6.7 (5.3)

Combination therapy 1.1 (0.9) - 2.9 (3.5)
Median (IQR) PASI score at study visit
Overall 0.7 (0.0–2.8) 1.2 (0.0–5.0) 1.8 (0.9–5.4)

Monotherapy 0.5 (0.0–1.2) 1.2 (0.0–5.0) 2.1 (1.1–5.5)
Biological agents 0.6 (0.0–3.0) 1.2 (0.0–5.0) 1.9 (1.0–5.4)
Conventional agents 3.4 (3.0–5.0) - 6.7 (2.9–10.4)

Combination therapy 1.2 (0.4–1.9) - 1.6 (0.4–4.8)
N: total number of patients; n (%): number (percentage) of patients in each category; IL: interleukin; IQR: in-
terquartile range; PASI: Psoriasis Area and Severity Index; SD: standard deviation; TNF: tumor necrosis factor.
Note: The duration of treatment (expressed in months) was calculated using the following formula: (Date of study
visit—Date of treatment onset + 1)/30.42. Imputation was used for all partial missing dates, as follows: (a) for
treatment start dates, when only the day or the month was missing, they were set as the first day of the month or
the first month of the year, respectively; (b) for treatment end dates, the reverse was applied; (c) when only the
year was available, the day and the month were imputed as previously described in (a) and (b).
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3.2. PASI Score

The mean (standard deviation (SD)) absolute PASI score at the study visit was 1.6 (2.3)
in Estonia, 4.0 (6.2) in Latvia, and 3.7 (4.8) in Lithuania. The scores varied across the
countries and systemic treatments received, with a trend for lower PASI scores observed in
Estonia and for combination therapy (Table 3). The proportion of patients with an absolute
PASI score ≤ 3 was 82.0%, 70.0%, and 64.0% in the overall study population and 89.7%,
70.0%, and 61.8% in the population treated with monotherapy with biological agents in
Estonia, Latvia, and Lithuania, respectively (Figure 1). An absolute PASI score ≤ 1 was
achieved by 66.7% (Estonia), 48.0% (Latvia), and 26.5% (Lithuania) of patients receiving
monotherapy with biologics (Table S1).
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3.3. Patient-Reported Outcomes

The median DLQI total score in the overall study population ranged from 0.5 to 2.0
across the three countries (Table 4). Impairments in QoL, as indicated by DLQI scores
<2–≤5 and >5, were noticed in 20.0% and 14.0% of patients in Estonia, 20.0% and 18.0% of
patients in Latvia, and 18.0% and 34.0% of patients in Lithuania (Figure 2).
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Table 4. Patient-reported outcomes at study visit (full analysis set in each country).

Characteristic Estonia
(N = 50)

Latvia
(N = 50)

Lithuania
(N = 50)

Dermatology-specific health-related quality of life
Median DLQI (IQR) score 0.5 (0.0–2.0) 1.0 (0.0–4.0) 2.0 (0.0–8.0)

Symptoms and feelings domain 0.0 (0.0–1.0) 1.0 (0.0–1.0) 1.0 (0.0–2.0)
Daily activity domain 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.0 (0.0–2.0)
Leisure domain 0.0 (0.0–0.0) 0.0 (0.0–1.0) 0.0 (0.0–1.0)
Work and school domain 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0)
Personal relationships domain 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–1.0)
Treatment domain 0.0 (0.0–1.0) 0.0 (0.0–0.0) 0.0 (0.0–1.0)

General health-related QoL based on EQ-5D-5L at the study visit
Percentage of patients with problems reported for each EQ-5D-5L dimension, n (%)

Mobility 12 (24.0%) 9 (18.0%) 16 (32.0%)
Self-care 7 (14.0%) 7 (14.0%) 14 (28.0%)
Usual activities 10 (20.0%) 11 (22.0%) 15 (30.0%)
Pain/discomfort 22 (44.0%) 14 (28.0%) 31 (62.0%)
Anxiety/depression 20 (40.0%) 14 (28.0%) 17 (34.0%)

Median (IQR) EQ-5D-5L utility index score 0.9 (0.7–1.0) 1.0 (0.8–1.0) 0.8 (0.6–1.0)
Median (IQR) EQ-VAS score 80.0 (50.0–90.0) 80.0 (70.0–90.0) 80.0 (60.0–90.0)
Psoriasis-related work productivity loss and activity impairment
Patients employed, n (%) 41 (82.0%) 41 (82.0%) 36 (72.0%)
Median (IQR) WPAI-PSO domain scores

Absenteeism 0.0 (0.0–0.0) 0.0 (0.0–0.0) 0.0 (0.0–0.0)
Presenteeism 0.0 (0.0–0.0) 0.0 (0.0–10.0) 0.0 (0.0–15.0)
Work productivity loss 0.0 (0.0–0.0) 0.0 (0.0–10.0) 0.0 (0.0–18.3)
Activity impairment 0.0 (0.0–0.0) 0.0 (0.0–20.0) 0.0 (0.0–30.0)

Patient satisfaction with control of psoriasis
Percentage of patients with scores on the single-item 7-point Likert-type scale, n (%)

Satisfied 48 (96.0%) 44 (88.0%) 44 (88.0%)
Completely satisfied 34 (68.0%) 33 (66.0%) 28 (56.0%)
Mostly satisfied 13 (26.0%) 8 (16.0%) 12 (24.0%)
Somewhat satisfied 1 (2.0%) 3 (6.0%) 4 (8.0%)

Uncertain (either satisfied or dissatisfied) 1 (2.0%) 3 (6.0%) 4 (8.0%)
Dissatisfied 1 (2.0%) 3 (6.0%) 2 (4.0%)

Somewhat dissatisfied 0 (0.0%) 1 (2.0%) 0 (0.0%)
Mostly dissatisfied 0 (0.0%) 1 (2.0%) 1 (2.0%)
Completely dissatisfied 1 (2.0%) 1 (2.0%) 1 (2.0%)

N: total number of patients; DLQI: Dermatology Life Quality Index IQR: interquartile range; EQ-5D-5L: EuroQoL 5
Dimensions 5 Levels; n (%): number (percentage) of patients in each category; EQ-VAS, EuroQol Visual Analogue
Scale; QoL: quality of life; WPAI-PSO: Work Productivity and Activity Impairment Questionnaire for Psoriasis.
Note: WPAI-PSO questionnaires were filled in only by employed participants for the absenteeism, presenteeism,
and work productivity loss domain, and by all participants for the activity impairment domain. Among the
employed participants, 38 (Estonia), 39 (Latvia), and 36 (Lithuania) answered the questions related to work
absenteeism/presenteeism and loss; all participants (50 in each country) answered the questions related to
activity impairment.

All patients completed the QoL questionnaires. The median EQ-5D-5L utility score in
the overall population ranged from 0.8 to 1.0 across the three countries. The most frequently
reported negatively affected dimension was pain/discomfort (by 44.0%, 28.0%, and 62.0%
of patients in Estonia, Latvia, and Lithuania, respectively), followed by anxiety/depression
and mobility. The median EQ-VAS score was 80.0 in all countries (Table 4).

Of the patients who completed the WPAI-PSO questionnaire, most were employed
(82.0% in Estonia and Latvia and 72.0% in Lithuania) (Table 4). The highest impact of disease
severity was reported in the domains of activity impairment and work productivity loss.
At higher PASI scores, a trend for higher impacts was noticed for all domains (Table S2).
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All patients completed the patient satisfaction questionnaires. In the overall population
from each country, higher percentages of patients (96.0% in Estonia, 88.0% in Latvia, and
88.0% in Lithuania) reported satisfaction with the overall control of their disease obtained
under their current systemic therapy (Table 4).

4. Discussion
We provide recent and reliable evidence on the characteristics, treatment patterns,

disease control, and QoL of psoriasis patients with moderate-to-severe disease from Estonia,
Latvia, and Lithuania, managed with systemic therapy in routine clinical settings.

In all three countries, the study population was characterized by a relatively young
age at the onset of psoriasis signs and symptoms (17.9–20.7 years), lower than that observed
in the entire population of the CRYSTAL study (26.0 years). Psoriasis was diagnosed in less
than 1 year from the onset of signs and symptoms in patients from Estonia and Latvia. In
contrast, the median time to diagnosis in Lithuania was approximately 3.1 years. Patients
were predominantly male (≥68.0%), similar to observations in the entire CRYSTAL study
population [24] and a previous study from 2008 including 913 patients with psoriasis from
CEE [25].

We found that most patients in the Baltic countries (≥68%) were treated with biological
monotherapy, mainly a TNF inhibitor agent. This was especially true in Latvia, where all
patients were receiving monotherapy with biologics, mostly with adalimumab, followed
by ustekinumab. In Estonia, most patients were receiving monotherapy with a TNF
inhibitor, with adalimumab being used more frequently. A small proportion of patients
were undergoing monotherapy with methotrexate or ciclosporin (14.0%) or combination
therapy (8.0%) using mainly methotrexate and a TNF inhibitor (infliximab or adalimumab).
In Lithuania, a larger proportion of patients (28.0%) received treatment with combination
therapy, including methotrexate and mostly a TNF inhibitor (infliximab or etanercept).

This difference in terms of the systemic treatment received reflects the current thera-
peutic landscape in the Baltic countries, as well as the different criteria for reimbursement or
access to specific agents. The most recent recommendations in Europe (the EuroGuiDerm
guideline) state that systemic treatment for moderate-to-severe cases of psoriasis should be
initiated with conventional agents as the first line (1L) and biological agents in the event
of an inadequate response, contraindications, or intolerance to the conventional systemic
treatment. Still, for severe psoriasis, and when failure of conventional agents is anticipated,
biological agents are recommended as a 1L treatment [17]. However, several European
countries, such as France or the United Kingdom [26,27], follow national guidelines. Biolog-
ical therapy began to be reimbursed in 2018 in Latvia and in 2011 in Estonia and Lithuania.
In Estonia, treatment with biologics is indicated for a disease duration ≥ 6 months, a PASI
or body surface area (BSA) score ≥ 10, and/or a DLQI score ≥ 10 (meaning that treatment
can be initiated when the impact on QoL is high, even at lower BSA scores). In addition,
therapy with biological agents can only be initiated if an alternative standard systemic
treatment (including with acitretin, cyclosporine, methotrexate, narrow-band ultraviolet
B, and psoralen + ultraviolet A photochemotherapy) is contraindicated, if the previous
treatment needs to be discontinued due to side effects, or if no treatment effect is observed
after using at least two different systemic treatments. Biological therapy is initiated for a
form of psoriasis that requires repeated hospitalizations or for unstable, life-threatening
forms (erythrodermic or pustular psoriasis). Any dermato-venereologist can initiate the
treatment [10]. In Latvia, where national guidelines are in place, systemic treatment with
biological agents is initiated for patients with moderate and severe chronic psoriasis (PASI
and BSA scores ≥ 10), for whom other systemic therapy with cyclosporine or methotrexate
and phototherapy has not been effective or is contraindicated/not tolerated. Treatment
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can be prescribed by a dermato-venereology specialist, following the decision made by a
council at a tertiary level of care in an outpatient and/or inpatient dermato-venerology
center [10]. In Lithuania, during the first 3 years after the introduction of biological therapy,
biological drugs (usually infliximab or etanercept) were purchased centrally by state health
insurance funds, in university hospitals, for approximately 100 patients. Since 2017, sys-
temic treatment with biologics has been indicated, typically with a TNF inhibitor as 1L and
an IL-12/23 inhibitor (usually ustekinumab), as a second line of treatment. At the time the
CRYSTAL trial was conducted, systemic treatment with biologics was initiated for moder-
ate to severe psoriasis patients (PASI and DLQI scores > 10, psoriasis duration ≥ 6 months)
when systemic treatment with methotrexate or acitretin for ≥6 months (currently ≥3) was
ineffective or poorly tolerated. Only university hospital-based dermatological services can
initiate the treatment [10]. In all countries, the 1L biological agent is anti-TNF, with this
choice being driven by the lower cost compared with other biologics available. However,
since 2022, cost restrictions were lifted in Lithuania for all biologics. The therapeutic goals
are relative PASI scores > 75 in Estonia and Lithuania and >90 in Latvia, and patients are
evaluated periodically by dermatologists to decide on the need to discontinue or progress
to second- or third-line biological therapy [10]. Based on data from health insurance funds
until 2020, the numbers of patients with psoriasis receiving biological therapy in the Baltic
countries varied, with 214 patients in Estonia, 113 patients in Latvia, and 330 patients
in Lithuania. Reported to 100,000 inhabitants, this is equivalent to 6 psoriasis patients
in Latvia, 12 in Lithuania, and 16 in Estonia receiving biologics, revealing a 1.3–2.6-fold
difference between the countries in biologics use [28–30]. Considering the prevalence of
psoriasis in each country, these figures indicate suboptimal access to treatment due to
multiple factors, including reimbursement conditions, availability of treatments, and long-
term or overuse of topical steroids (Latvia and Lithuania) [10]. However, in our analysis
including only patients with severe and moderate psoriasis during 2020–2021, we observed
considerably higher proportions of patients treated with biologics, comparable to those
reported for the entire population of the CRYSTAL study [24].

We also found that most patients (64.0–82.0%) undergoing systemic treatment (mainly
with biologics) in all three countries had absolute PASI scores ≤ 3, indicative of treatment
success [31]. There was a trend for higher proportions of patients with PASI scores ≤ 3 in
patients receiving monotherapy with biological agents versus those receiving non-biologics
in Estonia and Lithuania. Our findings are similar to those observed in the entire study
population [24] and suggest the better efficacy of systemic biologic treatment compared to
conventional therapy [13]. Notably, there was a higher proportion of patients achieving
PASI scores ≤ 3 in Estonia compared to the other two countries, while psoriatic arthritis
was relatively more common among patients in Latvia (16.0%) and Lithuania (24.0%) than
in Estonia (4.0%). Patients with psoriatic arthritis are known to have more extensive skin
disease and higher PASI and BSA scores than those without [32].

Across the three Baltic countries, 48.0–62.0% of patients had DLQI scores > 1 and
14.0–34.0% of patients had scores > 5, with the values observed in the entire CRYSTAL
population being in these ranges as well [24]. The overall DLQI score was considerably
lower than that observed in a previous study conducted in biologically naïve patients from
CEE [25]. An impact on the QoL was observed, especially in terms of pain/discomfort,
emphasizing the multifaceted consequences of psoriasis that should be further explored.
A previous study conducted in Lithuania also showed that psoriasis patients experienced
a deterioration in their QoL, depression, and anxiety, irrespective of disease severity [33].
A more recent study in Lithuanian patients showed reduced DLQI scores compared to
baseline in all patients receiving biological therapy after nine months of treatment [34]. In
this study, we also observed a trend for lower DLQI scores in Estonia compared to Latvia
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and Lithuania. This may be partly explained by the lower proportion of patients with active
psoriatic arthritis (potentially indicating a higher prevalence of extensive skin disease [32])
in Estonia in the current study.

For all three countries, the WPAI-PSO scores were low in this population mostly
treated with biological agents, even among patients with PASI scores > 5. The satisfaction
of patients with their current systemic therapy was high, with 88.0–96.00% of patients in the
three Baltic states being satisfied with their treatment, compared to 90.5% of patients from
all CEE countries included in the study [24]. Although these are encouraging results, the
disease impact on QoL despite current treatment should be explored to a larger extent at
the patient level. In addition, the high proportion of patients with comorbidities across the
countries (62.0–78.0%) underlines the importance of comprehensive patient management,
aiming to control all associated diseases.

The study limitations include those inherent to the cross-sectional and retrospective
design, including patient selection bias and patient recall bias. However, we undertook
measures to minimize these by enrolling patients in a consecutive manner at the study sites
and by applying simple questionnaires, with a short or no recall period. The study was
conducted during the COVID-19 pandemic, which had a presumably negative impact on
the patients’ mental health and perceived QoL. The small sample size for each country
is an additional limitation. The overall study population differed among the countries in
terms of the treatment received, although it was homogenous in terms of sociodemographic
characteristics. Due to the descriptive nature of the analyses, differences between countries
should be interpreted with caution. To better characterize the disease and treatment
responses in more diverse patient populations across the Baltic countries, future studies
including larger sample sizes are needed.

5. Conclusions
Moderate-to-severe psoriasis patients are treated in Baltic countries predominantly

with TNF inhibitors after failure of systemic conventional therapy. Although variations
are observed, reflecting different therapeutic guidelines and reimbursement strategies,
most patients show low absolute PASI scores and satisfaction with their evolution after at
least 24 weeks of continuous treatment. Nevertheless, a negative impact on QoL was still
reported, underscoring the need to further optimize the therapeutic strategies for greater
disease control.
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10. Hartmane, I.; Ivdra, I.; Mikažāns, I.; Bondare-Ansberga, V. Immunopathogenic treatment options for psoriasis patients under a
restrictive reimbursement environment. Proc. Latv. Acad. Sci. 2021, 75, 158–166. [CrossRef]

11. Schmitt, J.; Wozel, G. The psoriasis area and severity index is the adequate criterion to define severity in chronic plaque-type
psoriasis. Dermatology 2005, 210, 194–199. [CrossRef]

12. Armstrong, A.W.; Warren, R.B.; Zhong, Y.; Zhuo, J.; Cichewicz, A.; Kadambi, A.; Junqueira, D.; Westley, T.; Kisa, R.; Daamen,
C.; et al. Short-, Mid-, and Long-Term Efficacy of Deucravacitinib Versus Biologics and Nonbiologics for Plaque Psoriasis: A
Network Meta-Analysis. Dermatol. Ther. 2023, 13, 2839–2857. [CrossRef] [PubMed]

13. Sbidian, E.; Chaimani, A.; Guelimi, R.; Garcia-Doval, I.; Hua, C.; Hughes, C.; Naldi, L.; Kinberger, M.; Afach, S.; Le Cleach, L.
Systemic pharmacological treatments for chronic plaque psoriasis: A network meta-analysis. Cochrane Database Syst. Rev. 2023,
7, Cd011535. [CrossRef]

14. Abrouk, M.; Nakamura, M.; Zhu, T.H.; Farahnik, B.; Koo, J.; Bhutani, T. The impact of PASI 75 and PASI 90 on quality of life in
moderate to severe psoriasis patients. J. Dermatolog. Treat. 2017, 28, 488–491. [CrossRef] [PubMed]

15. Carretero, G.; Puig, L.; Carrascosa, J.M.; Ferrándiz, L.; Ruiz-Villaverde, R.; de la Cueva, P.; Belinchon, I.; Vilarrasa, E.; Del
Rio, R.; Sánchez-Carazo, J.L.; et al. Redefining the therapeutic objective in psoriatic patients candidates for biological therapy.
J. Dermatolog. Treat. 2018, 29, 334–346. [CrossRef] [PubMed]

16. Mahil, S.K.; Wilson, N.; Dand, N.; Reynolds, N.J.; Griffiths, C.E.M.; Emsley, R.; Marsden, A.; Evans, I.; Warren, R.B.; Stocken, D.;
et al. Psoriasis treat to target: Defining outcomes in psoriasis using data from a real-world, population-based cohort study (the
British Association of Dermatologists Biologics and Immunomodulators Register, BADBIR). Br. J. Dermatol. 2020, 182, 1158–1166.
[CrossRef]

17. Nast, A.; Smith, C.; Spuls, P.I.; Avila Valle, G.; Bata-Csörgö, Z.; Boonen, H.; De Jong, E.; Garcia-Doval, I.; Gisondi, P.; Kaur-
Knudsen, D.; et al. EuroGuiDerm Guideline on the systemic treatment of psoriasis vulgaris—Part 1: Treatment and monitoring
recommendations. J. Eur. Acad. Dermatol. Venereol. 2020, 34, 2461–2498. [CrossRef]

18. Colombo, D.; Bianchi, L.; Fabbrocini, G.; Corrao, S.; Offidani, A.; Stingeni, L.; Costanzo, A.; Pellacani, G.; Peris, K.; Bardazzi, F.;
et al. Real-world evidence of biologic treatments in moderate-severe psoriasis in Italy: Results of the CANOVA (EffeCtiveness
of biologic treAtmeNts for plaque psOriasis in Italy: An obserVAtional longitudinal study of real-life clinical practice) study.
Dermatol. Ther. 2022, 35, e15166. [CrossRef]

19. Van Muijen, M.E.; Thomas, S.E.; Groenewoud, H.M.M.; Otero, M.E.; Ossenkoppele, P.M.; Njoo, M.D.; Dodemont, S.R.P.; Kop,
E.N.; Berends, M.A.M.; Koetsier, M.I.A.; et al. Direct Comparison of Real-world Effectiveness of Biologics for Psoriasis using
Absolute and Relative Psoriasis Area and Severity Index Scores in a Prospective Multicentre Cohort. Acta Derm. Venereol. 2022,
102, adv00712. [CrossRef]

20. Kerdel, F.; Zaiac, M. An evolution in switching therapy for psoriasis patients who fail to meet treatment goals. Dermatol. Ther.
2015, 28, 390–403. [CrossRef]

21. Norlin, J.M.; Steen Carlsson, K.; Persson, U.; Schmitt-Egenolf, M. Switch to biological agent in psoriasis significantly improved
clinical and patient-reported outcomes in real-world practice. Dermatology 2012, 225, 326–332. [CrossRef]

22. Rencz, F.; Kemény, L.; Gajdácsi, J.Z.; Owczarek, W.; Arenberger, P.; Tiplica, G.S.; Stanimirović, A.; Niewada, M.; Petrova, G.;
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