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Abstract: Background: Patients with psoriasis under systemic treatments are in focus regarding
their susceptibility to respiratory infections. To analyse real-world data for respiratory infections in
patients with psoriasis under systemic treatments. Methods: We analysed data of the prospective,
non-interventional German Psoriasis Registry PsoBest and compared rates for respiratory infections
of 13,823 patients on systemic treatments for psoriasis and/or psoriatic arthritis in different therapy
cohorts before the COVID-19 pandemic. Results: In total, 1415 respiratory infections were observed
in 970 patients. Significant differences were observed between biologics and non-biologics, but
not within these groups. The highest event rates (events/100 patient years) were identified for
TNF-α inhibitors, 8.1, (CI 7.4–8.9), followed by 7.0 for IL-17 inhibitors (6.2–7.9), 5.7 for IL-12/23
and IL-23 inhibitors (5.1–6.5), 4.8 for methotrexate (4.3–5.4), 3.7 for small molecules (3.3–4.2), and
2.7 for retinoids (1.2–5.1). Conclusions: Overall, the susceptibility for respiratory infections in patients
under systemic therapy for psoriasis is low compared to published study data and is sufficient as
comparative data for COVID-19 studies.

Keywords: biologics; pre-COVID; psoriasis; respiratory infections

1. Introduction

With the recent pandemic, the susceptibility for respiratory infections in patients with
psoriasis under systemic treatments has become significantly important. With the rapid
spreading of corona cases all over the world in the spring of 2020, medical societies tried
to analyse the risk for respiratory infections in special patient groups and communicated
cautious recommendations based on acute observations and experiences regarding con-
tinuing systemic medications during acute infection [1–5]. Patients with comorbidities,
like obesity, diabetes, cardiovascular diseases, asthma, or chronic obstructive pulmonary
disease (COPD), were seen to be at increased risk for infections [6–11]. With the proceeding
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pandemic and increasing registered cases, medical specialties relativised the estimated
susceptibility for SARS-CoV2 infections in patients under systemic medications, and at the
beginning of 2021, vaccinations were available and strongly recommended for them to be
kept up to date [12–18].

Respiratory infections are of key interest in randomised controlled trials (RCTs) for
systemic medications and especially with the advent of novel therapeutic groups of bio-
logics and Janus kinase (JAK) inhibitors, there is a major focus on these adverse events.
It is a matter of debate as to whether these therapeutics themselves or the underlying
medical conditions treated cause susceptibility to infections and if the patients preselected
for studies depict the real risk of patients with psoriasis or psoriatic arthritis under systemic
therapies. In contrast, RCT data from registries provide real-world evidence about the risks
patients face in daily treatment and may contribute critical information in this regard.

We compared rates of respiratory infections in patients on systemic treatment for
psoriasis in different therapy cohorts using data from the German Psoriasis Registry PsoBest
before the COVID-19 pandemic. This registry observes psoriasis patients with or without
psoriatic arthritis who underwent systemic treatment for these two indications, which
reflect at least moderate severity of the disease. We focused on the prevalence rates of
respiratory infections before the SARS-CoV2 pandemic reached Germany in February
2020 [19,20] to analyse data before the changes in the conduct of respiratory events as a
reference baseline for further analyses of data during the pandemic.

2. Materials and Methods
2.1. Registry and Patients

Since 2008, the German Psoriasis Registry PsoBest has included adults with from
moderate to severe psoriasis with or without psoriatic arthritis. Data are being collected
at about 1100 dermatological offices and outpatient clinics. Dermatologists and patients
fill out standardised questionnaires on disease conditions, treatments, and adverse events,
as well as patient-reported outcomes on quality of life and disease burden. Patients who
gave informed consent are eligible for inclusion at the start of a systemic treatment. They
are observed at the baseline; months 3, 6, 9, and 12 after the treatment starts; and every
6 months afterwards for up to 10 years. Within this time, treatment changes are allowed.

This analysis comprises all the quality-ensured data collected until December 2021.
Despite the documentation of several other treatment options, we focused on the most
frequently used ones: tumour necrosis factor (TNF) inhibitors (adalimumab, certolizumab,
etanercept, golimumab, and infliximab, including biosimilars), interleukin (IL)-17 inhibitors
(brodalumab, secukinumab, and ixekizumab), IL-12/23 and IL-23 inhibitors (guselkumab,
ustekinumab, tildrakizumab, and risankizumab), as well as small molecules (apremilast,
ciclosporin, fumaric acid esters, tofacitinib, methotrexate, and retinoids). Patients who
received at least one of these treatments for at least one day were included in this analysis.

2.2. Events

Adverse events and serious adverse events were reported to the registry and coded in
preferred terms, following the Medical Dictionary for Regulatory Activities (MedDRA®), in-
cluding system organ classes (SOCs), which allow for the classification of events
in general.

For this analysis, all the MedDRA event codes with primary or secondary SOCs
“Infections and Infestations” were screened for respiratory events, resulting in a list of
potential respiratory tract infections, including, e.g., bronchitis, pneumonia, and influenza
(supplemental Table S1).

A safety board reviewed all the events, which met at least one of these criteria, re-
ported to PsoBest and classified them into serious and non-serious cases according to
current guidelines on clinical safety data management [21]. Diseases other than respiratory
infections were not a part of this analysis. Events were assigned to a treatment if the onset
of the events was between the treatment start and stop date plus a 90-day risk window.
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If an event met more than one treatment criterion, it was assigned to all the appropriate
treatments but counted only once in pooled groups. When calculating the total therapy
times for the rates per patient years, the durations of all the therapies were again taken into
account. If infections were reported by December 2021 but started before February 2020,
we excluded them from the analysis to exclude the effects of the COVID-19 pandemic.

2.3. Statistics

Descriptive statistics of this as-observed analysis were performed using standard
parameters: absolute and relative frequencies for categorical data and minimum, median,
maximum, and standard deviation (SD) for continuous data.

We present data from the registry baseline for all the patients in the respective treat-
ment groups. Therefore, patients who received more than one treatment within the registry
are included in more than one baseline set, which is not necessarily a treatment baseline. For
safety analysis, we calculated standardised event rates per 100 patient years (py) as well as
95% confidence intervals using an inverse chi-squared distribution. Significant differences
between groups were detected using the interval method at a significance level of 0.05.
Subgroup analyses were performed for patients’ baseline characteristics: by sex (male vs.
female), by age (18–34 vs. 35–65 vs. 66+ years), by previous treatment (no prior systemic
treatment vs. systemic but no biological pre-treatment vs. biological pre-treatment), by
body mass index (BMI, BMI < 18.5 (underweight) vs. BMI 18.5–24.9 (normal weight) vs.
BMI 25–29.9 (overweight) vs. BMI 30–34.9 (obese, class I) vs. BMI 35–39.9 (obese, class II) vs.
BMI ≥ 40 (obese, class III), and by comorbidity (0–2 vs. 3+ different comorbidity groups).
Patients with three or more different comorbidity groups are referred to as multimorbid.

There were neither imputations for missing values nor tests of the hypothesis because
this is an exploratory research approach. The statistical analysis was conducted using SPSS
v. 27 (IBM, Armonk, NY, USA).

3. Results

The 12,836 patients analysed were included between 2008 and 2021. They were
predominately male (58.4%), with median ages of 48.0 years (18.0–93.0) and 14.7 at the
registry entry. The median disease duration was 14.0 (0.0–76.0) years. A total of 47.7%
showed nail involvement, and 31.1% showed joint involvement. The median psoriasis
area and severity index (PASI) was 13 (0–72), and the median involved body surface area
(BSA) was 18.0 (0–100). With a median dermatology life quality index (DLQI) of 11.0 (0–30),
patients showed a marked burden of the disease. Patients in the registry also show high
rates of comorbidities with, e.g., obesity/adipositas or diabetes [22], and our patients had
median BMIs of 28.1 (14.2–61.1) in the group treated with biologics and 27.6 (14.7–67.3) in
the non-biologics group.

The majority of the patients received non-biological treatments in their “registry life”
(n = 8136, 63.4%). Among those, fumaric acid esters (n = 4024, 31.3%) were the most
common, followed by methotrexate (n = 3826, 29.8%). Apremilast, ciclosporin, and retinoids
were tried in less than 1000 patients. Among the biologics, which were observed in a total
of n = 6538 patients (50.9%), patients most frequently received IL-12/23 and IL-23 inhibitors
(n = 2594, 20.2%) and IL-17 inhibitors (n = 2525, 19.7%), followed by TNF inhibitors
(n = 2388, 18.6%).

Tables 1 and 2 show the number of patients exposed to both biological and non-
biological treatments, as well as patients’ characteristics, at the registry baseline concerning
the treatment received.

We found significant differences between patients with biological and non-biological
treatments: patients receiving biological treatments within their registry life are more likely
to be male (56.8% vs. 40.9%, p < 0.05), have nail psoriasis (52.8% vs. 45.1%, p < 0.05) or
psoriatic arthritis (40.3% vs. 27.2%, p < 0.05), and tend to be multimorbid (11.4% vs. 8.9%,
p < 0.05). Furthermore, patients with biological treatments tend to have higher PASIs (16.1
and 14.3, p ≥ 0.05), BSAs (25.7 and 23.1, p ≥ 0.05), and DLQIs (12.5 and 11.1, p ≥ 0.05).
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Table 1. Patient characteristics at the registry baseline and exposure years in biological treatments.

Biologics, Total TNF Inhibitors

6538 Patients 2388 Patients

13,841 Patient Years (py) 5745 py

Mean (SD) Median (Range) Mean (SD) Median (Range)

Female sex, n (%) 2534 (39.1) 987 (41.3)

Age, years 47.5 (14.1) 48.0 (18.0–93.0) 46.7 (13.8) 47.0 (18.0–87.0)

Body mass index (BMI),
kg/m2 29.1 (6.1) 28.1 (14.2–61.1) 29.0 (6.0) 28.1 (15.8–57.9)

Duration of psoriasis,
years 19.5 (14.4) 17.0 (0.0–74.0) 18.6 (13.9) 16.0 (0.0–68.0)

Nail psoriasis, n (%) 3438 (52.8) ** 1319 (55.2)

Psoriatic arthritis, n (%) 2620 (40.3) ** 1208 (50.6)

Multimorbid *, n (%) 747 (11.4) ** 251 (10.5)

Psoriasis area and
severity index (PASI) 16.1 (10.8) 14.0 (0.0–72.0) 15.3 (10.7) 13.4 (0.0–70.8)

Body surface area (BSA) 25.7 (21.0) 20.0 (0.0–100.0) 23.9 (20.6) 17.0 (0.0–100.0)

Dermatology life quality
index (DLQI) 12.5 (7.5) 12.0 (0.0–30.0) 12.2 (7.5) 12.0 (0.0 –30.0)

IL-17 Inhibitors IL-12/23 and IL-23 Inhibitors

2525 Patients 2594 Patients

3838 Exposure Years 4357 Exposure Years

Mean (SD) Median (Range) Mean (SD) Median (Range)

Female sex, n (%) 988 (39.1) 1006 (38.8)

Age, years 48.1 (14.0) 49.0 (18.0–89.0) 47.5 (14.4) 48.0 (18.0–93.0)

BMI, kg/m2 29.2 (6.0) 28.4 (16.6–61.1) 29.4 (6.2) 28.4 (14.2–60.9)

Duration of psoriasis,
years 20.0 (14.7) 18.0 (0.0–74.0) 19.7 (14.2) 17.0 (0.0–70.0)

Nail psoriasis, n (%) 1356 (53.7) 1325 (51.1)

Psoriatic arthritis, n (%) 1026 (40.6) 906 (34.9)

Multimorbid *, n (%) 312 (12.4) 306 (11.8)

PASI 16.6 (10.8) 14.4 (0.0–70.8) 16.3 (10.6) 14.1 (0.0–72.0)

BSA 26.9 (21.6) 20.0 (0.0–100.0) 26.0 (20.5) 20.0 (0.0–98.0)

DLQI 12.9 (7.5) 12.0 (0.0–30.0) 12.4 (7.5) 12.0 (0.0–30.0)
Significant differences (p < 0.05) between biologics and non-biologics (Table 2) are marked with **. Other
treatment groups were not tested against each other. The number of patients is not additive because patients may
have received more than one treatment. * Patients with 3 or more different comorbidity groups are referred to
as multimorbid.

With the focus on respiratory infections, in total, 1415 respiratory infections in
970 patients were reported in 6538 cases with biologics (13,841 py) and 8136 patients
receiving non-biological treatments (13,648 py).

The highest event rates of respiratory tract infections (RTIs) were identified for TNF-α
inhibitors (8.1 events/100 py, 95% CI 7.4–8.9), followed by 7.0 for IL-17 inhibitors (6.2–7.9),
5.8 for IL-12/23 and IL-23 inhibitors (5.1–6.5), 4.8 for methotrexate (4.3–5.4), 3.7 for small
molecules (3.3–4.2), and 2.7 for retinoids (1.2–5.1, Figure 1 and Table S2). Event rates
of serious RTIs were below 1 event per 100 py in all the treatment groups and did not
differ significantly.
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Table 2. Patient characteristics at the registry baseline and exposure years by treatment.

Non–Biologics, Total Apremilast Ciclosporin

8136 Patients 763 Patients 558 Patients

13,648 Exposure Years 946 Exposure Years 717 Exposure Years

Mean
(SD)

Median
(Range)

Mean
(SD)

Median
(Range)

Mean
(SD)

Median
(Range)

Female sex, n (%) 3513 (43.2) 361 (47.3) 255 (45.7)

Age, years 47.8 (15.0) 48.0
(18.0–92.0) 52.0 (15.6) 52.0

(18.0–89.0) 43.5 (14.4) 43.0
(18.0–92.0)

Body mass index
(BMI), kg/m2 28.5 (5.9) 27.6

(14.7–67.3) 29.0 (6.2) 28.0
(15.9–60.6) 27.7 (6.0) 26.8

(15.9–63.3)

Duration of
psoriasis, years 15.9 (14.5) 12.0

(0.0–76.0) 20.0 (16.0) 17.0
(0.0–76.0) 15.3 (12.8) 12.0

(0.0–68.0)

Nail psoriasis, n
(%) 3669 (45.1) ** 389 (51.0) 274 (49.1)

Psoriatic arthritis,
n (%) 2209 (27.2) ** 289 (37.9) 149 (26.7)

Multimorbid *, n
(%) 727 (8.9) ** 120 (15.7) 27 (4.8)

Psoriasis area and
severity index

(PASI)
14.3 (9.6) 12.4

(0.0–70.8) 6.5 (2.3) 7.0 (0.0–10.0) 6.9 (2.1) 7.0 (0.0–10.0)

Body surface area
(BSA) 23.1 (19.2) 16.0

(0.0–100.0) 21.9 (18.1) 15.0
(0.0–95.5) 23.1 (19.7) 16.0

(0.0–100.0)

Dermatology life
quality index

(DLQI)
11.1 (7.1) 10.0

(0.0–30.0) 11.1 (7.0) 10.0
(0.0–30.0) 12.1 (7.1) 11.0

(0.0–30.0)

Fumaric Acid Esters Methotrexate Retinoids

4024 Patients 3826 Patients 203 Patients

5231 Exposure Years 6874 Exposure Years 333 Exposure Years

Mean
(SD)

Median
(Range)

Mean
(SD)

Median
(Range)

Mean
(SD)

Median
(Range)

Female sex, n (%) 1691 (42.0) 1621 (42.4) 105 (51.7)

Age, years 45.5 (15.4) 45.0
(18.0–92.0) 49.4 (13.7) 50.0

(18.0–88.0) 53.8 (14.4) 55.0
(18.0–83.0)

BMI, kg/m2 28.2 (5.9) 27.2
(14.7–63.0) 28.9 (5.9) 28.0

(15.4–67.3) 28.2 (5.1) 27.7
(17.6–46.3)

Duration of
psoriasis, years 14.3 (13.8) 10.0

(0.0–68.0) 17.1 (14.7) 14.0
(0.0–76.0) 13.4 (14.6) 7.0 (0.0–53.0)

Nail psoriasis, n
(%) 1648 (41.0) 1873 (49.0) 99 (48.8)

Psoriatic arthritis,
n (%) 622 (15.5) 1503 (39.3) 38 (18.7)

Multimorbid *, n
(%) 286 (7.1) 366 (9.6) 27 (13.3)

PASI 6.5 (2.2) 7.0 (0.0–10.0) 14.4 (10.2) 12.4
(0.0–70.8) 11.9 (9.5) 10.0

(0.0–56.1)

BSA 23.7 (18.8) 18.0
(0.0–100.0) 22.7 (19.4) 15.0

(0.0–100.0) 19.5 (20.3) 12.0
(1.0–100.0)

DLQI 11.0 (6.9) 10.0
(0.0–30.0) 11.3 (7.2) 11.0

(0.0–30.0) 11.2 (6.9) 11.0
(0.0–30.0)

Significant differences (p < 0.05) between non-biologics and biologics (Table 1) are marked with **. Other
treatment groups were not tested against each other. The number of patients is not additive because patients may
have received more than one treatment. * Patients with 3 or more different comorbidity groups are referred to
as multimorbid.
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Figure 1. Rates of respiratory tract infections (RTIs) by treatment and event severity. Vertical bars
indicate 95% confidence intervals.

Statistically significant differences were identified between biological and non-biological
treatments (7.1 vs. 4.2 RTI/100 py, p < 0.05). Within the group of biological treatments,
we found significantly lower rates of RTIs in IL-12/23 and IL-23 inhibitors compared to
TNF-α inhibitors: 5.8 vs. 8.1 infections/100 py (p < 0.05). Within non-biologics, there were
no significant differences.

Although the patients on biologics generally showed higher rates of RTIs, we found,
again, increased rates in female patients (8.6 vs. 6.1 on biologics and 4.9 vs. 3.7 on non-
biologics, p < 0.05), in younger patients (8.1 in patients aged 18–34 years vs. 7.1 and 4.5 in
patients aged 35–65 and 66+ on biologics, p < 0.05), and in multimorbid patients (9.0 vs.
6.8 on biologics, p < 0.05). Previous treatments as well as BMI at the registry baseline did
not show any association with RTI rates.

4. Discussion

Safety data from RCTs and especially real-world data on the long-term use of medica-
tions can add helpful information about the risk for infections under therapy.

Systemic corticosteroids have been the first drugs of choice for many decades, showing
a potent downregulation with immediate effects on chronic inflammation, but their severe
side effects in long-term use together with better options for targeted therapies led to a
change in recommendations avoiding long-term use [23,24].

Conventional systemic treatments, like methotrexate, are frequently used in dermatol-
ogy [25], but safety studies for use in chronic inflammatory diseases, like psoriasis, and
registry data [26] did not show increased risk signals for overall infections under ther-
apy [22,27–29]. This correlates with data from randomised controlled trials among patients
under low-dose therapy with methotrexate, confirming slight increases in pneumonia as
well as in upper respiratory infections, which, however, were not significant [30].

Our analyses focus especially on respiratory infections, and we found low rates, with
3.05 (2.76–3.36) patients with non-serious infections/100 py in non-biological treatments
and 4.41 (4.07–4.78) in biologics as well as 0.23 (0.16–0.33) patients with serious respiratory
tract infection(s) in non-biologics and 0.45 (0.34–0.57) in biological treatments (Table S2).

Ciclosporin, a potent immunosuppressor at higher doses and approved for use in
severe psoriasis at lower doses in all the EU countries [31–40], shows higher rates for
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infections compared to other systemic medications, like methotrexate [29]. In comparison
with our analysis, we found a rate of 6.00 (95% CI 4.34–8.08) respiratory infections/100 py
under treatment (as-exposed analysis) with ciclosporin.

The retinoid acitretin has been used for psoriasis [41,42] for more than 40 years [43–45],
and its overall infection rates do not pose a special issue [23,29,46,47]. Data from our registry
reflect a low rate of 2.70 (1.24–5.13) events/100 py for non-serious and no documented
serious events for respiratory infections.

Dimethyl fumarate does not show elevated rates for respiratory infections in the
treatment of psoriasis [48]. Fumarates have also been approved for the treatment of
multiple sclerosis since 2013, and in concordance with observations for psoriasis treatment,
clinical studies for efficacy and safety in 2012 confirmed no increased risks for respiratory
events [49,50]. In our registry, we could confirm a low rate of 3.08 (2.62–3.59) respiratory
infections/100 py.

A new approach for the systemic therapy of psoriasis is derived from experiences of
rheumatology in treating autoimmune inflammation of the joints with biologics. The first
group available for use in psoriasis was the TNF-α inhibitors, and several studies showed
data on risks and safety [51–55], with one of the frequently mentioned findings of increased
rates of opportunistic infections, like respiratory infections [53]. Our registry data show
an event rate of 7.56 (6.86–8.3)/100 py for non-serious and 0.52 (0.35–0.75) events/100 py
for serious respiratory infections under treatment with TNF-α inhibitors. Compared to
non-biological treatments (3.98 [3.65–4.33] non-serious and 0.21 [0.14–0.31] serious events/
100 py), this means a 1.9-fold higher risk for non-serious and 2.5-fold higher risk for serious
infections with TNF-α inhibitors versus non-biological treatments (Table S2).

A biologic targeting the IL-12/23 inhibitor and approved for the treatment of psoriasis
or psoriatic arthritis is ustekinumab [56]. Data from the observational study PSOLAR
(psoriasis longitudinal assessment and registry), recruiting since 2007, have revealed that
more than 16,000 participants indicated lower rates for serious adverse events, including
respiratory events, compared to the rates under treatment with TNF-α inhibitors [57]. IL-23
inhibitors showed respiratory infections as the most common adverse events but overall
low rates in long-term safety data from randomised controlled trials [58–61]. We could
find rates of 5.37 (4.70–6.11) non-serious events/100 py and 0.39 (0.23–0.62) serious events/
100 py for IL-12/23 and IL-23 inhibitors (including ustekinumab) (Figure 1 and Table S2),
which signify a 1.4-fold higher rate compared to non-biological treatments but not differing
significantly between IL-23 inhibitors themselves (Figure 1 and Table S2).

For IL17 inhibitors, the most frequently reported adverse events in approval studies
were nasopharyngitis, oral candidiasis, and upper respiratory tract infections, mostly from
mild to moderate in severity without discontinuation of the study treatment (EMA sum-
mary product characteristics) [62–65]. In follow-up studies on long-term use, a consistent
safety profile could be confirmed. Data from our registry show rates of 6.64 (5.85–7.51)
non-serious respiratory infections/100 py and 0.39 (0.22–0.64) serious events/100 py. This
means a 1.7-fold higher rate for non-serious events and a 1.9-fold higher rate for seri-
ous respiratory infections compared to non-biological treatments. Within a total of 7.03
(6.22–7.93) respiratory infections/100 py, this indicates a 1.7-fold higher rate for IL-17 in-
hibitors than for non-biological treatments, a 1.2-fold higher rate for IL-23/12/23 inhibitors,
and a 0.9-fold higher rate compared to TNF-α inhibitors (Figure 1 and Table S2).

With the phosphodiesterase inhibitor apremilast, the most frequently reported adverse
events were gastrointestinal disorders with diarrhoea or nausea. Safety studies reported
rates for upper respiratory infections, with 14.7/100 py and 28.8/100 py (exposure adjusted),
mostly from mild to moderate severity [56,66]. Our data reflect a rate of 5.50 (4.11–7.21)
respiratory infections/100 py, comparable to infection rates with methotrexate (Figure 1
and Table 2).

Studies on opportunistic infections under systemic therapy with JAK inhibitors are
published for patients treated for ulcerative colitis or rheumatoid arthritis [67,68] or psori-
atic arthritis [69]. Because of the lack of a sufficient number of patient years for a robust
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analysis, we postponed the analysis of these data for a later publication. Interestingly,
another JAK inhibitor (baricitinib), which has no approval for psoriasis or psoriatic arthritis
to date, received an emergency use authorisation by the US federal drug agency (FDA)
for the treatment of children from age 2 and adults with severe COVID-19 infection and
need for oxygen and mechanical ventilation or extracorporeal membrane oxygenation [70].
The use of baricitinib supports the control of the inflammatory process and cytokine re-
lease. Its anti-inflammatory potential for respiratory processes will be the subject of further
investigation and of interest for the group of chronic inflammatory skin diseases.

The higher RTI rates observed in biological treatments are clearly related to non-serious
events. Event rates of serious RTIs were below 1 event per 100 py in all the treatment
groups and did not differ significantly.

Significant differences were identified between biological and non-biological treat-
ments (7.1 vs. 4.2 RTI/100 py, p < 0.05). Within the group of biological treatments, we found
significantly lower rates of RTIs for IL-12 and IL-12/23 inhibitors compared to TNF-α
inhibitors: 5.8 vs. 8.1 infections/100 py (p < 0.05). Within non-biologics, there were no
significant differences.

Focusing on subgroups, which are seen as being at an increased risk for respiratory
infections, we found a significantly higher rate for respiratory infections with multimorbid-
ity, as expected. Interestingly, older patients aged 66+, who are expected to be increasingly
susceptible to respiratory infections, showed significantly lower event rates for respiratory
infections under systemic treatments with biologics compared to the younger age groups.

If we compare our findings with data from RCTs, we find lower rates for infections.
For example, placebo controls, in the RCT reported by Yui et al., represent patients with
psoriasis without systemic treatment. The authors found a rate of serious infections,
i.e., other than respiratory infections, of 0.4% of patients. In our data, we found 0.1–1.1%
(depending on the treatment) only for serious respiratory infections, which can be explained
by the highly selective nature of clinical trials [71]. If we focus on patient rates, given by
data from the RKI, 6.0% of persons in the average German population were reported with
respiratory tract infections in January 2020 [72]; in our registry data, we saw a rate of 7.6%,
also indicating a slightly increased susceptibility of patients with psoriasis to respiratory
infections. Additionally, we know from other real-world data sources that patients with
psoriasis have a slightly increased risk of respiratory infections as such [73].

5. Limitations

As in all registries collecting data from real-world treatments, there is underreporting
of non-serious medical conditions in daily life, especially for respiratory tract infections
that do not require major medical intervention and are, thus, neglected. At the time of
the analysis, in our registry, there were too few robust data available for new medications
because of a lack of long-term use (e.g., Janus kinase inhibitors or bimekizumab).

Furthermore, correlated error terms cannot be excluded by considering patient-specific
exposure times after the last infection. Together with the potential multiple counting of
patients, this leads to rather wider confidence intervals so that actual differences between
the treatment groups might be detected rather late.

6. Conclusions

The data from this large-scale cohort demonstrate differences between the systemic
medication groups regarding the rates for respiratory infections under systemic treatment.
They are sufficient as comparative data for COVID-19 studies. Overall, the susceptibility for
respiratory infections under systemic therapy for psoriasis is low compared to published
study data.

A further analysis is in progress with the data received during the ongoing pan-
demic with SARS-CoV-2 to gain information about the susceptibility of our patients to this
respiratory infection under systemic treatments for psoriasis or psoriatic arthritis.



J. Clin. Med. 2024, 13, 3713 9 of 13

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/jcm13133713/s1: Table S1: MedDRA-preferred terms referred to
as respiratory infections; Table S2. Respiratory tract infections by treatment and event severity.

Author Contributions: All authors had substantial contributions to the analysis or interpretation
of data for this paper, revised it critically for important intellectual content, approved it finally and
agreed to be accountable for this work in ensuring its integrity of interpretation of data. All authors
have read and agreed to the published version of the manuscript.

Funding: The PsoBest Registry is/was supported by AbbVie, Almirall, Amgen, Biogen, BMS,
Celgene, Hexal, Janssen-Cilag, LEO Pharma, Eli Lilly, Medac, Novartis, Pfizer, UCB, and Viatris.
These companies did not have any influence on the design of the registry, data collection, analyses,
publication decisions, or development. For this publication no extra support or grant was given.

Institutional Review Board Statement: The PsoBest registry received an ethics votum No. 2805 of
the ethics committee of the Medical Association of Hamburg on 24 July 2007, and confirmed that
there was no further ethical approval necessary for the retrospective analysis of the anonymised data
in accordance with the ethical standards of the responsible committees (institutional or regional) and
with the Helsinki Declaration of 1975, as revised in 1983.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the
PsoBest registry.

Data Availability Statement: The raw data supporting the conclusions of this article will be made
available by the authors on request.

Acknowledgments: The authors thank the Scientific Communication Team of the IVDP, in particular,
Dorothee Hintz, for copyediting. We acknowledge financial support from the Open Access Publication
Fund of UKE - Universitätsklinikum Hamburg-Eppendorf.

Conflicts of Interest: B. Stephan has received payments/honoraria for lectures and presentations
and/or received grants and/or participated in clinical trials of the following companies: AbbVie,
Almirall Hermal, Amgen, Beiersdorf, Boehringer Ingelheim, Bristol-Myers Squibb, Celgene, Glaxo-
SmithKline, Janssen-Cilag, LEO Pharma, Lilly, Medac, Novartis, Pierre Fabre, Sanofi Aventis, and
UCB. N. Augustin has participated on a data-safety-monitoring board/advisory board and has
received grants/contracts, consulting fees, and payments/honoraria for lectures, presentations,
speakers’ bureaus, manuscript writing, and educational events. This includes the following com-
panies: Incyte, Almirall, Pfizer, AbbVie, Novartis, Incyte, UCB, and Janssen. W.-H. Boehncke has
received consulting fees and payments/honoraria for lectures, presentations, speakers’ bureaus,
manuscript writing, and educational events and payments for expert testimony. This includes the
following companies: AbbVie, Almirall, Amgen, BMS, Eli Lilly, Janssen, Leo, Novartis, and UCB. M.
Augustin has served as a consultant, lecturer, and researcher and/or has received research grants
from companies manufacturing drugs for psoriasis, including AbbVie, Almirall, Amgen, Bayer,
Beiersdorf, Biogen, Boehringer Ingelheim, Bristol-Myers Squibb, Celgene, Centocor, Dermira, Eli Lilly,
Galderma, Genzyme, GlaxoSmithKline, Hexal, Incyte, Janssen, LEO, Medac, Menlo, MSD, Mylan
B.V., Novartis, Pfizer, Regeneron, Sandoz, Sanofi, Stallergenes, Trevi, and UCB. M. Hertl has acted as
the DDG president and received consulting fees and grants or contracts for professional support at
meetings/travels or advisory boards, lectures, presentations, speakers’ bureaus, manuscript writing,
and educational events. This includes the following companies: Biotest, Topas Therapeutics, Novartis,
Janssen-Cilag, Almirall, Pfizer, Sanofi, and Argenx. U. Mrowietz has been an advisor and/or received
speakers’ honoraria and/or received grants and/or participated in clinical trials of the following
companies: AbbVie, Aditxt, Almirall Hermal, Amgen, Aristea, Boehringer Ingelheim, Bristol-Myers
Squibb, Celgene, Dr. Reddy’s, Eli Lilly, Foamix, Formycon, Immunic, Janssen-Cilag, LEO Pharma,
Medac, Novartis, Phi-Stone, Pierre Fabre, Sanofi-Aventis, and UCB. P. Staubach-Renz has received
grants/contracts, consulting fees, and payments/honoraria for lectures, presentations, speakers’ bu-
reaus, manuscript writing, and educational events and support for attending meetings and/or travel.
This includes the following companies: Almirall, Novartis, Lilly, Leo, Amgen, BMS, AbbVie, Janssen,
and Medac. D. Thaçi has received grants/contracts, consulting fees, and payments/honoraria for
lectures, presentations, speakers’ bureaus, manuscript writing, educational events, and participation
on a data-safety-monitoring or advisory board. This includes the following companies: AbbVie,
Novartis, Almirall, Celltrion, Eli Lilly, Janssen-Cilag, Novartis, Samsung, UCB, Amgen, Biogen,
New-Bridge, and Sandoz. R. von Kiedrowski has been an investigator, consultant, advisor, or speaker

https://www.mdpi.com/article/10.3390/jcm13133713/s1
https://www.mdpi.com/article/10.3390/jcm13133713/s1


J. Clin. Med. 2024, 13, 3713 10 of 13

for AbbVie, ALK Scherax, Almirall Hermal, Cell, Beiersdorf Dermo Medical, Biofrontera, Biogen,
Bristol-Myers Squibb, Boehringer Ingelheim, Celgene, Celltrion HC, Dermapharm, Foamix, Gilead,
Heine Optotechnik, Hexal, Janssen-Cilag, LEO Pharma, Eli Lilly, Meda, Medac, Menlo, Merck Sharp
Dohme, Novartis, Dr. R. Pfleger, Pfizer, Regeneron, Sanofi, Stallergenes Greer, Stiefel GSK, Tigercut,
UCB, and Unna Akademie. C. Sorbe and S.J. Rustenbach have no conflicts of interest.

References
1. Gelfand, J.M.; Armstrong, A.W.; Bell, S.; Anesi, G.L.; Blauvelt, A.; Calabrese, C.; Dommasch, E.D.; Feldman, S.R.; Gladman, D.;

Kircik, L.; et al. National Psoriasis Foundation COVID-19 Task Force Guidance for Management of Psoriatic Disease During the
Pandemic: Version 1. J. Am. Acad. Dermatol. 2020, 83, 1704–1716. [CrossRef]

2. Gisondi, P.; Facheris, P.; Dapavo, P.; Piaserico, S.; Conti, A.; Naldi, L.; Cazzaniga, S.; Malagoli, P.; Costanzo, A. The impact of
the COVID-19 pandemic on patients with chronic plaque psoriasis being treated with biological therapy: The Northern Italy
experience. Br. J. Dermatol. 2020, 183, 373–374. [CrossRef]

3. Lebwohl, M.; Rivera-Oyola, R.; Murrell, D.F. Should biologics for psoriasis be interrupted in the era of COVID-19? J. Am. Acad.
Dermatol. 2020, 82, 1217–1218. [CrossRef]

4. Augustin, M.; Reich, K.; Mrowietz, U. Verfahrensweise bei der Systemtherapie von Patienten mit Psoriasis Während der
Pandemischen Phase von SARS-CoV-2 (Coronavirus). Letter of Recommendations. 2020. Available online: https://www.bvdd.
de/aktuelles-presse/newsroom/alle-nachrichten/details/empfehlungen-zu-systemtherapien-bei-schuppenflechte/ (accessed
on 21 December 2022).

5. Wagner, N.; Assmus, F.; Arendt, G.; Baum, E.; Baumann, U.; Bogdan, C.; Burchhard, G.; Föll, D. Impfen bei Immunde-
fizienz: Anwendungshinweise zu den von der Ständigen Impfkommission empfohlenen Impfungen. (IV) Impfen bei Autoim-
munkrankheiten, bei anderen chronisch-entzündlichen Erkrankungen und unter immunmodulatorischer Therapie. Bundesge-
sundheitsblatt Gesundheitsforschung Gesundheitsschutz 2019, 62, 494–515. [CrossRef] [PubMed]

6. Correa-Agudelo, E.; Mersha, T.B.; Branscum, A.J.; MacKinnon, N.J.; Cuadros, D.F. Identification of Vulnerable Populations and
Areas at Higher Risk of COVID-19-Related Mortality during the Early Stage of the Epidemic in the United States. Int. J. Environ.
Res. Public Health 2021, 18, 4021. [CrossRef]

7. European Centre for Disease Prevention and Control. High-Risk Groups for COVID-19. Available online: https://www.ecdc.
europa.eu/en/covid-19/high-risk-groups (accessed on 21 December 2022).

8. Kamps, B.S.; Camp, R.; Hoffmann, C. COVID Reference. 2021. Available online: https://amedeo.com/CovidReference06.pdf
(accessed on 21 December 2022).

9. World Health Organisation. Coronavirus Disease 2019 (COVID-19). Situation Report–71. 2020. Available online: https://www.
who.int/docs/default-source/coronaviruse/situation-reports/20200331-sitrep-71-covid-19.pdf?sfvrsn=4360e92b_8 (accessed on
21 December 2022).

10. Williamson, E.J.; Walker, A.J.; Bhaskaran, K.; Bacon, S.; Bates, C.; Morton, C.E.; Curtis, H.J.; Mehrkar, A.; Evans, D.; Inglesby, P.;
et al. Factors associated with COVID-19-related death using OpenSAFELY. Nature 2020, 584, 430–436. [CrossRef] [PubMed]

11. Wu, C.; Chen, X.; Cai, Y.; Xia, J.; Zhou, X.; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du, C.; et al. Risk Factors Associated with Acute
Respiratory Distress Syndrome and Death in Patients With Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern.
Med. 2020, 180, 934–943. [CrossRef] [PubMed]

12. von Kiedrowski, R. Corona-Impfstoffe geeignet bei immunmodulierender Therapie. Dtsch. Dermatol. 2021, 69, 16–17. [CrossRef]
13. National Psoriasis Foundation. COVID-19 Task Force Guidance Statements. 2022. Available online: https://www.psoriasis.org/

covid-19-task-force-guidance-statements/ (accessed on 21 December 2022).
14. Robert-Koch-Institut. COVID-19-Impfempfehlung. 15 December 2022. Available online: https://www.rki.de/SharedDocs/FAQ/

COVID-Impfen/FAQ_Liste_STIKO_Empfehlungen.html (accessed on 21 December 2022).
15. Didona, D.; Buhl, T.; Yazdi, A.S. Impfantwort gegen SARS-CoV-2 unter immunmodulierenden Systemtherapien in der Derma-

tologie. J. Dtsch. Dermatol. Ges. 2022, 20, 212–215. [CrossRef]
16. Hinterseher, J.; Hertl, M.; Didona, D. Autoimmunerkrankungen der Haut und SARS-CoV-2-Impfung—Eine Metaanalyse. J. Dtsch.

Dermatol. Ges. 2023, 21, 853–862. [CrossRef]
17. Buhl, T.; Beissert, S.; Gaffal, E.; Goebeler, M.; Hertl, M.; Mauch, C.; Reich, K.; Schmidt, E.; Schon, M.P.; Sticherling, M.; et al.

COVID-19 und Auswirkungen auf dermatologische und allergologische Erkrankungen. J. Dtsch. Dermatol. Ges. 2020, 18, 815–825.
[CrossRef] [PubMed]

18. Schon, M.P.; Berking, C.; Biedermann, T.; Buhl, T.; Erpenbeck, L.; Eyerich, K.; Eyerich, S.; Ghoreschi, K.; Goebeler, M.; Ludwig,
R.J.; et al. COVID-19 und Immunregulation–von grundlegenden und translationalen Aspekten zu klinischen Implikationen.
J. Dtsch. Dermatol. Ges. 2020, 18, 795–809. [CrossRef] [PubMed]

19. Tagesschau. Erster Coronavirus-Fall in Deutschland. 2020. Available online: https://www.tagesschau.de/inland/coronavirus-
deutschland-erster-fall-101.html (accessed on 21 December 2022).

20. ZDF News. Erster Corona-Fall in Deutschland. 2020. Available online: https://www.zdf.de/nachrichten/heute-in-deutschland/
erster-corona-fall-in-deutschland-100.html (accessed on 21 December 2022).

https://doi.org/10.1016/j.jaad.2020.09.001
https://doi.org/10.1111/bjd.19158
https://doi.org/10.1016/j.jaad.2020.03.031
https://www.bvdd.de/aktuelles-presse/newsroom/alle-nachrichten/details/empfehlungen-zu-systemtherapien-bei-schuppenflechte/
https://www.bvdd.de/aktuelles-presse/newsroom/alle-nachrichten/details/empfehlungen-zu-systemtherapien-bei-schuppenflechte/
https://doi.org/10.1007/s00103-019-02905-1
https://www.ncbi.nlm.nih.gov/pubmed/30899964
https://doi.org/10.3390/ijerph18084021
https://www.ecdc.europa.eu/en/covid-19/high-risk-groups
https://www.ecdc.europa.eu/en/covid-19/high-risk-groups
https://amedeo.com/CovidReference06.pdf
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200331-sitrep-71-covid-19.pdf?sfvrsn=4360e92b_8
https://www.who.int/docs/default-source/coronaviruse/situation-reports/20200331-sitrep-71-covid-19.pdf?sfvrsn=4360e92b_8
https://doi.org/10.1038/s41586-020-2521-4
https://www.ncbi.nlm.nih.gov/pubmed/32640463
https://doi.org/10.1001/jamainternmed.2020.0994
https://www.ncbi.nlm.nih.gov/pubmed/32167524
https://doi.org/10.1007/s15011-021-4487-4
https://www.psoriasis.org/covid-19-task-force-guidance-statements/
https://www.psoriasis.org/covid-19-task-force-guidance-statements/
https://www.rki.de/SharedDocs/FAQ/COVID-Impfen/FAQ_Liste_STIKO_Empfehlungen.html
https://www.rki.de/SharedDocs/FAQ/COVID-Impfen/FAQ_Liste_STIKO_Empfehlungen.html
https://doi.org/10.1111/ddg.14718_g
https://doi.org/10.1111/ddg.15114_g
https://doi.org/10.1111/ddg.14195_g
https://www.ncbi.nlm.nih.gov/pubmed/32881343
https://doi.org/10.1111/ddg.14169_g
https://www.ncbi.nlm.nih.gov/pubmed/32881300
https://www.tagesschau.de/inland/coronavirus-deutschland-erster-fall-101.html
https://www.tagesschau.de/inland/coronavirus-deutschland-erster-fall-101.html
https://www.zdf.de/nachrichten/heute-in-deutschland/erster-corona-fall-in-deutschland-100.html
https://www.zdf.de/nachrichten/heute-in-deutschland/erster-corona-fall-in-deutschland-100.html


J. Clin. Med. 2024, 13, 3713 11 of 13

21. European Medicines Agency. ICH Topic E 2 A. Clinical Safety Data Management: Definitions and Standards for Expedited
Reporting. 1995. Available online: https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-
harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-15.pdf (accessed on 21 December 2022).

22. Reich, K.; Mrowietz, U.; Radtke, M.A.; Thaci, D.; Rustenbach, S.J.; Spehr, C.; Augustin, M. Drug safety of systemic treatments for
psoriasis: Results from The German Psoriasis Registry PsoBest. Arch. Dermatol. Res. 2015, 307, 875–883. [CrossRef]

23. Nast, A.; Altenburg, A.; Augustin, M.; Boehncke, W.H.; Harle, P.; Klaus, J.; Koza, J.; Mrowietz, U.; Ockenfels, H.M.; Philipp,
S.; et al. Deutsche S3-Leitlinie zur Therapie der Psoriasis vulgaris, adaptiert von EuroGuiDerm—Teil 1: Therapieziele und
Therapieempfehlungen. J. Dtsch. Dermatol. Ges. 2021, 19, 934–951. [CrossRef] [PubMed]

24. Rice, J.B.; White, A.G.; Scarpati, L.M.; Wan, G.; Nelson, W.W. Long-term Systemic Corticosteroid Exposure: A Systematic
Literature Review. Clin. Ther. 2017, 39, 2216–2229. [CrossRef] [PubMed]

25. Weinstein, G.D.; Frost, P. Methotrexate for psoriasis. A new therapeutic schedule. Arch. Dermatol. 1971, 103, 33–38. [CrossRef]
[PubMed]

26. Warren, R.B.; Weatherhead, S.C.; Smith, C.H.; Exton, L.S.; Mohd Mustapa, M.F.; Kirby, B.; Yesudian, P.D. British Association of
Dermatologists’ guidelines for the safe and effective prescribing of methotrexate for skin disease 2016. Br. J. Dermatol. 2016, 175,
23–44. [CrossRef] [PubMed]

27. Warren, R.B.; Mrowietz, U.; von Kiedrowski, R.; Niesmann, J.; Wilsmann-Theis, D.; Ghoreschi, K.; Zschocke, I.; Falk, T.M.;
Blodorn-Schlicht, N.; Reich, K. An intensified dosing schedule of subcutaneous methotrexate in patients with moderate to severe
plaque-type psoriasis (METOP): A 52 week, multicentre, randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2017,
389, 528–537. [CrossRef] [PubMed]

28. Drach, M.; Papageorgiou, K.; Maul, J.T.; Djamei, V.; Yawalkar, N.; Hausermann, P.; Anzengruber, F.; Navarini, A.A. Effectiveness
of methotrexate in moderate to severe psoriasis patients: Real-world registry data from the Swiss Dermatology Network for
Targeted Therapies (SDNTT). Arch. Dermatol. Res. 2019, 311, 753–760. [CrossRef]

29. Davila-Seijo, P.; Dauden, E.; Descalzo, M.A.; Carretero, G.; Carrascosa, J.M.; Vanaclocha, F.; Gomez-Garcia, F.J.; De la Cueva-
Dobao, P.; Herrera-Ceballos, E.; Belinchon, I.; et al. Infections in Moderate to Severe Psoriasis Patients Treated with Biological
Drugs Compared to Classic Systemic Drugs: Findings from the BIOBADADERM Registry. J. Investig. Dermatol. 2017, 137, 313–321.
[CrossRef]

30. Solomon, D.H.; Glynn, R.J.; Karlson, E.W.; Lu, F.; Corrigan, C.; Colls, J.; Xu, C.; MacFadyen, J.; Barbhaiya, M.; Berliner, N.; et al.
Adverse Effects of Low-Dose Methotrexate: A Randomized Trial. Ann. Intern. Med. 2020, 172, 369–380. [CrossRef] [PubMed]

31. European Medicine Agency. Annex II. Scientific Conclusions and Grounds for the Variation to the Terms of the Marketing
Authorisation. EMEA/H/A-30/1300, EMEA/H/A-30/1320. Available online: https://www.ema.europa.eu/en/documents/
referral/sandimmun-article-30-referral-annex-ii_en.pdf (accessed on 3 January 2023).

32. Berth-Jones, J.; Exton, L.S.; Ladoyanni, E.; Mohd Mustapa, M.F.; Tebbs, V.M.; Yesudian, P.D.; Levell, N.J. British Association of
Dermatologists guidelines for the safe and effective prescribing of oral ciclosporin in dermatology 2018. Br. J. Dermatol. 2019, 180,
1312–1338. [CrossRef]

33. Griffiths, C.E.; Dubertret, L.; Ellis, C.N.; Finlay, A.Y.; Finzi, A.F.; Ho, V.C.; Johnston, A.; Katsambas, A.; Lison, A.E.; Naeyaert, J.M.;
et al. Ciclosporin in psoriasis clinical practice: An international consensus statement. Br. J. Dermatol. 2004, 150 (Suppl. 67), 11–23.
[CrossRef]

34. Ho, V.C. The use of ciclosporin in psoriasis: A clinical review. Br. J. Dermatol. 2004, 150 (Suppl. S67), 1–10. [CrossRef] [PubMed]
35. Koo, J. A randomized, double-blind study comparing the efficacy, safety and optimal dose of two formulations of cyclosporin,

Neoral and Sandimmun, in patients with severe psoriasis. OLP302 Study Group. Br. J. Dermatol. 1998, 139, 88–95. [CrossRef]
[PubMed]

36. Lowe, N.J.; Wieder, J.M.; Rosenbach, A.; Johnson, K.; Kunkel, R.; Bainbridge, C.; Bourget, T.; Dimov, I.; Simpson, K.; Glass, E.; et al.
Long-term low-dose cyclosporine therapy for severe psoriasis: Effects on renal function and structure. J. Am. Acad. Dermatol.
1996, 35, 710–719. [CrossRef] [PubMed]

37. Marsili, F.; Travaglini, M.; Stinco, G.; Manzoni, R.; Tiberio, R.; Prignano, F.; Mazzotta, A.; Cannavo, S.P.; Cuccia, A.; Germino, M.;
et al. Effectiveness of cyclosporine A in patients with moderate to severe plaque psoriasis in a real-life clinical setting in Italy: The
TRANSITION study. J. Dermatol. Treat. 2022, 33, 401–407. [CrossRef]

38. Mrowietz, U.; Farber, L.; Henneicke-von Zepelin, H.H.; Bachmann, H.; Welzel, D.; Christophers, E. Long-term maintenance
therapy with cyclosporine and posttreatment survey in severe psoriasis: Results of a multicenter study. German Multicenter
Study. J. Am. Acad. Dermatol. 1995, 33, 470–475. [CrossRef]

39. Paul, C.F.; Ho, V.C.; McGeown, C.; Christophers, E.; Schmidtmann, B.; Guillaume, J.C.; Lamarque, V.; Dubertret, L. Risk of
malignancies in psoriasis patients treated with cyclosporine: A 5 y cohort study. J. Investig. Dermatol. 2003, 120, 211–216.
[CrossRef]

40. Powles, A.V.; Cook, T.; Hulme, B.; Baker, B.S.; Lewis, H.M.; Thomas, E.; Valdimarsson, H.; Fry, L. Renal function and biopsy
findings after 5 years’ treatment with low-dose cyclosporin for psoriasis. Br. J. Dermatol. 1993, 128, 159–165. [CrossRef]

41. Katz, H.I.; Waalen, J.; Leach, E.E. Acitretin in psoriasis: An overview of adverse effects. J. Am. Acad. Dermatol. 1999, 41, S7–S12.
[CrossRef] [PubMed]

42. Lee, C.S.; Li, K. A review of acitretin for the treatment of psoriasis. Expert Opin. Drug Saf. 2009, 8, 769–779. [CrossRef] [PubMed]

https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-15.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/international-conference-harmonisation-technical-requirements-registration-pharmaceuticals-human-use_en-15.pdf
https://doi.org/10.1007/s00403-015-1593-8
https://doi.org/10.1111/ddg.14508_g
https://www.ncbi.nlm.nih.gov/pubmed/34139083
https://doi.org/10.1016/j.clinthera.2017.09.011
https://www.ncbi.nlm.nih.gov/pubmed/29055500
https://doi.org/10.1001/archderm.1971.04000130035004
https://www.ncbi.nlm.nih.gov/pubmed/5539502
https://doi.org/10.1111/bjd.14816
https://www.ncbi.nlm.nih.gov/pubmed/27484275
https://doi.org/10.1016/S0140-6736(16)32127-4
https://www.ncbi.nlm.nih.gov/pubmed/28012564
https://doi.org/10.1007/s00403-019-01945-6
https://doi.org/10.1016/j.jid.2016.08.034
https://doi.org/10.7326/M19-3369
https://www.ncbi.nlm.nih.gov/pubmed/32066146
https://www.ema.europa.eu/en/documents/referral/sandimmun-article-30-referral-annex-ii_en.pdf
https://www.ema.europa.eu/en/documents/referral/sandimmun-article-30-referral-annex-ii_en.pdf
https://doi.org/10.1111/bjd.17587
https://doi.org/10.1111/j.0366-077X.2004.05949.x
https://doi.org/10.1111/j.0366-077X.2004.05950.x
https://www.ncbi.nlm.nih.gov/pubmed/15115440
https://doi.org/10.1046/j.1365-2133.1998.02319.x
https://www.ncbi.nlm.nih.gov/pubmed/9764154
https://doi.org/10.1016/S0190-9622(96)90726-4
https://www.ncbi.nlm.nih.gov/pubmed/8912566
https://doi.org/10.1080/09546634.2020.1757017
https://doi.org/10.1016/0190-9622(95)91393-9
https://doi.org/10.1046/j.1523-1747.2003.12040.x
https://doi.org/10.1111/j.1365-2133.1993.tb15145.x
https://doi.org/10.1016/S0190-9622(99)70359-2
https://www.ncbi.nlm.nih.gov/pubmed/10459140
https://doi.org/10.1517/14740330903393732
https://www.ncbi.nlm.nih.gov/pubmed/19998529


J. Clin. Med. 2024, 13, 3713 12 of 13

43. Fredriksson, T.; Pettersson, U. Severe psoriasis--oral therapy with a new retinoid. Dermatologica 1978, 157, 238–244. [CrossRef]
[PubMed]

44. European Medicines Agency. Annex I. List of the Names, Pharmaceutical Forms, Strengths of the Medicinal Products, Routes
of Administration, Marketing Authorisation Holders in the Member States for Retinoids Containing Medicinal Products. 2016.
Available online: https://www.ema.europa.eu/en/documents/referral/retinoid-article-31-referral-annex-i_en.pdf (accessed on
2 February 2023).

45. Chularojanamontri, L.; Silpa-Archa, N.; Wongpraparut, C.; Limphoka, P. Long-term safety and drug survival of acitretin in
psoriasis: A retrospective observational study. Int. J. Dermatol. 2019, 58, 593–599. [CrossRef] [PubMed]

46. Balak, D.M.W.; Gerdes, S.; Parodi, A.; Salgado-Boquete, L. Long-term Safety of Oral Systemic Therapies for Psoriasis: A
Comprehensive Review of the Literature. Dermatol. Ther. 2020, 10, 589–613. [CrossRef]

47. Pilkington, T.; Brogden, R.N. Acitretin: A Review of its Pharmacology and Therapeutic Use. Drugs 1992, 43, 597–627. [CrossRef]
[PubMed]

48. Jordan, A.L.; Yang, J.; Fisher, C.J.; Racke, M.K.; Mao-Draayer, Y. Progressive multifocal leukoencephalopathy in dimethyl
fumarate-treated multiple sclerosis patients. Mult. Scler. 2022, 28, 7–15. [CrossRef] [PubMed]

49. Fox, R.J.; Miller, D.H.; Phillips, J.T.; Hutchinson, M.; Havrdova, E.; Kita, M.; Yang, M.; Raghupathi, K.; Novas, M.; Sweetser, M.T.;
et al. Placebo-controlled phase 3 study of oral BG-12 or glatiramer in multiple sclerosis. N. Engl. J. Med. 2012, 367, 1087–1097.
[CrossRef] [PubMed]

50. Gold, R.; Kappos, L.; Arnold, D.L.; Bar-Or, A.; Giovannoni, G.; Selmaj, K.; Tornatore, C.; Sweetser, M.T.; Yang, M.; Sheikh, S.I.; et al.
Placebo-controlled phase 3 study of oral BG-12 for relapsing multiple sclerosis. N. Engl. J. Med. 2012, 367, 1098–1107. [CrossRef]

51. Baddley, J.W.; Winthrop, K.L.; Chen, L.; Liu, L.; Grijalva, C.G.; Delzell, E.; Beukelman, T.; Patkar, N.M.; Xie, F.; Saag, K.G.; et al.
Non-viral opportunistic infections in new users of tumour necrosis factor inhibitor therapy: Results of the SAfety Assessment of
Biologic ThERapy (SABER) study. Ann. Rheum. Dis. 2014, 73, 1942–1948. [CrossRef]
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