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ABSTRACT

Introduction: Although dimethyl fumarate
(DMF) has been approved since 2017 for treat-
ment of moderate-to-severe plaque psoriasis,
limited data on its safety and efficacy are avail-
able in clinical practice. The objective was to
assess the efficacy and safety of DMF in patients
with moderate-to-severe plaque psoriasis
through 52 weeks in conditions close to real
clinical practice.

Methods: DIMESKIN 1 was a 52-week, open-la-
bel, phase IV clinical trial conducted at 36
Spanish sites. Adults with diagnosis of moder-
ate-to-severe plaque psoriasis, treated with DMF
as per its summary of product characteristics
and with C 1 post-baseline Psoriasis Area and
Severity Index (PASI) value were included [in-
tention-to-treat (ITT) population]. Efficacy
analyses were performed for ITT population and
are based on multiple imputation.
Results: Overall, 282 and 274 patients were
included in the safety and ITT populations,
respectively. At week 24, 46.0%/24.8%/10.9% of
patients achieved PASI 75/90/100 response,
respectively. At week 52, these percentages were
46.0%/21.9%/10.9%, respectively. Mean body
surface area affected decreased from 17.4% to
6.9%/7.3% after 24/52 weeks (p\ 0.001, both).
A total of 42.9%/49.4% of patients had a
Physician’s Global Assessment 0–1 at week 24/
52, respectively. Mean pruritus visual analogue
scale (VAS) significantly decreased after 24 and
52 weeks (p\ 0.001, both), with 56.5% and
67.6% of patients, respectively, rating a pruritus
VAS\3. At week 24/52, 61.3%/73.4% patients
had a Dermatology Life Quality Index (DLQI)
B 5 and 34.7%/32.1% had a DLQI 0-1. The most
frequent adverse events were gastrointestinal
disorders (mainly diarrhea/abdominal pain in
50.0%/35.1% of patients, respectively), flushing
(28.0%), and lymphopenia (31.2%), mostly
mild/moderate.
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Conclusions: DMF significantly improves main
severity and extension indexes and rates, as well
as patient-reported outcomes such as pruritus
and quality of life in patients with moderate-to-
severe psoriasis after 24 weeks of treatment.
These improvements are sustained through
52 weeks. The safety profile of DMF is similar to
that previously described for fumarates.
EudraCT number: 2017-00136840.

Keywords: Clinical practice; Dimethyl
fumarate; Efficacy; Psoriasis; Safety

Key Summary Points

Why carry out this study?

Dimethyl fumarate (DMF), a fumaric acid
ester (FAE), is an oral formulation
approved by the European Medicines
Agency in 2017 to treat moderate-to-
severe plaque psoriasis among adult
patients requiring systemic therapy.
However, limited data on its safety and
efficacy are available in clinical practice
apart from a few European countries.

We assessed the efficacy and safety of DMF
in patients with moderate-to-severe
plaque psoriasis through 52 weeks in
conditions similar to routine clinical
practice in Spain, a country with no prior
therapeutic experience with FAEs among
dermatologists.

What was learned from the study?

The results presented herein confirm the
favorable DMF efficacy and safety profiles
for treating moderate-to-severe psoriasis
throughout 52 weeks.

An individualized adjustment of the DMF
dosing based on patient tolerance and
DMF effectiveness will eventually reduce
dropout rates.

INTRODUCTION

Psoriasis is a chronic, immune-mediated
inflammatory skin disease with multifactorial
etiology [1]. In Europe, the prevalence of pso-
riasis was approximately 2% [2], and about one-
third of patients have moderate-to-severe pso-
riasis, which has been frequently associated to
several comorbidities [3–8]. An estimated
80–90% of patients diagnosed with psoriasis
have plaque psoriasis [9]. There are several
available treatments for moderate-to-severe
psoriasis, including biologics and non-biologi-
cal systemic agents [10–12].

Dimethyl fumarate (DMF), a fumaric acid
ester, is an oral formulation approved by the
European Medicines Agency (EMA) to treat
moderate-to-severe plaque psoriasis among
adult patients requiring systemic therapy [13].
Although the EMA did not approve the use of
DMF until 2017, fumaric acid esters (FAEs) have
been extensively used in Germany since 1959,
and the combination consisting of DMF and
three salts of monoethyl fumarate (Fumaderm)
was already registered by the German Drug
Administration (BfArM) for treating severe pso-
riasis in 1994 [14]. Since its official registration,
this FAE mixture has become the most fre-
quently used systemic therapy for psoriasis in
Germany. Clinical data from a phase 3 double-
blind, placebo-controlled trial indicated that
DMF was effective and comparable to the FAE
mixture in treating adults with moderate-to-
severe plaque psoriasis [15]. In addition, DMF
showed a favorable safety with a comparable
treatment-emergent adverse events (AEs)
occurrence and severity, primarily mild, repor-
ted in the FAE mixture group [15]. Recently,
DMF has shown a particularly interesting effi-
cacy profile in special localizations such as the
scalp, nails, palms, and/or soles, and in terms of
itch relief [16].

Although DMF has been approved since
2017, limited data on its safety and efficacy are
available in clinical practice apart from
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Germany and a few other European countries
[17–21]. In addition, clinical studies evaluating
treatments in routine clinical practice settings
evaluate safety over more extended treatment
periods and detect uncommon AEs, providing
external validation to clinical trial data. Hence,
the present study evaluated the efficacy of DMF
in conditions similar to routine clinical practice
for the first time in Spain, a country with no
prior therapeutic experience with FAEs among
dermatologists. The primary objective of this
study was to assess the efficacy and safety of
DMF in patients with moderate-to-severe pla-
que psoriasis through 52 weeks.

METHODS

Study Design

DIMESKIN 1 was a 52-week, multicenter, open-
label, phase IV clinical trial (EudraCT
2017-001368-40) conducted at 36 sites
throughout Spain in adult patients with mod-
erate-to-severe plaque psoriasis. This study was
conducted according to the Declaration of
Helsinki principles and approved by the ethics
committee at each site, with the Hospital
Universitario de la Princesa (Madrid, Spain)
being the ethics committee of reference. All
patients provided written informed consent.

Patients

Eligible patients were aged 18 years or older,
with moderate-to-severe plaque psoriasis diag-
nosis for at least 6 months prior to baseline
[defined as either Psoriasis Area and Severity
Index (PASI) C 10, body surface area (BSA)
affected C 10%, and PASI C 5, or Dermatology
Life Quality Index (DLQI) C 10 and PASI C 5],
and candidates for systemic therapy. Women of
childbearing potential were required to have a
negative serum pregnancy test at screening and
had to use medically accepted contraception
methods during the trial. Main exclusion crite-
ria were diagnosis of guttate, erythrodermic, or
pustular psoriasis; white blood cell count less
than 3000/lL or lymphocyte count less than

1000/lL; previous malignancy (except for non-
melanoma skin cancer); significant gastroin-
testinal disorders (ulcers, diarrhea) at screening;
severe renal impairment [glomerular filtration
rate less than 30 mL/min/1.73 m2, using the
Chronic Kidney Disease Epidemiology Collab-
oration equation [22] or significant proteinuria
(3 ? or higher), using test strip] at screening;
abnormal liver enzymes (levels of aspartate
aminotransferase, alanine aminotransferase,
gamma-glutamyl transferase, or alkaline phos-
phatase greater than three times the upper
limits of normal, or bilirubin levels greater than
two times the upper limits of normal); active
infectious disease; alcohol or drug abuse his-
tory; any other autoimmune disorder or current
treatment with any immunosuppressive drug;
previous use of biological drugs with antipsori-
atic activity; conventional systemic antipsori-
atic treatments (methotrexate, cyclosporine,
acitretin), apremilast or phototherapy within
4 weeks of the study screening; and topical
corticosteroids, vitamins A and D analogs, tar-
based and salicylic acid preparations within
2 weeks of the screening.

Treatment

Patients were treated with DMF as per its sum-
mary of product characteristics, simulating
conditions close to routine clinical practice.
During the first 9 weeks of treatment, DMF was
administered with gradual dose increases
(Table 1). From weeks 10 to 52, patients could
receive up to two tablets of DMF 120 mg three
times daily. The maximum daily dose allowed
was 720 mg of DMF. If C 90% improvement in
PASI (PASI 90) was observed before the maxi-
mum dose was reached, no further dose increase
was recommended. If a dose increase was not
tolerated, it might be temporarily reduced to
the last tolerated dose. If white blood cell count
was less than 3000/lL or lymphocyte count was
less than 700/lL, the treatment must be dis-
continued. From week 24 onward, if PASI 75 or
PASI B 3 response was achieved, the daily dose
might be reduced by one tablet less per day
every 2 months until the required individual
maintenance dose was reached.
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Outcomes

Efficacy was assessed on the basis of PASI 50,
PASI 75, PASI 90, and PASI 100 response rates
(proportions of patients achiev-
ing C 50%, C 75%, C 90%, and 100%
improvement in PASI, respectively), absolute
PASI scores B 1, B 3, and B 5, BSA affected, and
Physician’s Global Assessment (PGA) 0/1.
Patient-reported outcomes were evaluated on
the basis of pruritus visual analogue scale (VAS),
DLQI (0/1 and B 5), and treatment satisfaction
VAS (i.e., 10-point scale, where a value of 10
represents maximum satisfaction with treat-
ment and a value of 0 represents no satisfaction
at all). Safety assessments consisted of fre-
quency of AEs, serious AEs, and AEs leading to
treatment discontinuation.

Statistical Analysis

The primary endpoint was the proportion of
patients achieving PASI 75 response at week 24.
Efficacy analyses were performed for the inten-
tion-to-treat (ITT) population, which included

safety population patients with at least one
post-baseline PASI value.

Post hoc efficacy analyses were performed for
the following subgroups of patients from the
ITT population: patients with a baseline VAS of
pruritus C 3, patients with moderate psoriasis at
baseline (defining moderate disease according
to PASI and DLQI thresholds proposed by Lla-
mas-Velasco et al. [23], DLQI\5 and absolute
PASI 7–15 or DLQI C 5 and absolute PASI B 15),
systemic-naı̈ve patients, and patients with a
baseline body mass index (BMI) C 30 kg/m2.

Efficacy of DMF was also assessed per body
region (head and neck, upper extremities,
trunk, and lower extremities) by mean regional
absolute PASI, mean percent improvement in
regional PASI from baseline and percentage of
patients achieving a severity level of 0–1 in signs
of psoriasis (erythema, induration, and desqua-
mation) at week 52, and excluding from the
assessments those patients with PASI 0 at base-
line for the body region. Each of the signs was
rated on a 5-level scale of severity, ranging from
0 (absence) to 4 (very marked).

The presented analyses are based on multiple
imputations (MI). Observed cases (OC) is

Table 1 Dosing of dimethyl fumarate during the first 9 weeks of treatment

Week Number of tablets Total daily dose of DMF (mg)

Morning Midday Evening

DMF 30 mg

Week 1 0 0 1 30

Week 2 1 0 1 60

Week 3 1 1 1 90

DMF 120 mg

Week 4 0 0 1 120

Week 5 1 0 1 240

Week 6 1 1 1 360

Week 7 1 1 2 480

Week 8 2 1 2 600

Week 9 2 2 2 720

DMF dimethyl fumarate
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presented as sensitivity analysis. Safety analyses
were conducted on all patients who received at
least one DMF dose (safety population). Medical
Dictionary for Regulatory Activities system
organ classes and preferred terms for AEs
occurring at a frequency C 5% are reported.

Sample Size

On the basis of 16-week data from the prior
phase III DMF trial [15], a sample size of 300

patients was planned to offer a minimum pre-
cision (maximum margin of error considering
the maximum indetermination [p = q = 50]) of
5.7% for estimating the primary endpoint (PASI
75 at week 24) with a confidence level of 95%.

RESULTS

Study Population

Out of 300 patients enrolled in the trial, 18 were
excluded owing to screening failure. Overall,
282 patients received at least one dose of the
study medication (safety population), and 274
were included in the ITT population (Fig. 1).

Baseline patient characteristics are summa-
rized in Table 2. A total of 66.1% of patients
were male, and the mean [standard deviation
(SD)] age was 46.6 (13.0) years. The mean (SD)
time since diagnosis at the start of DMF was
18.2 (13.6) years, and patients had approxi-
mately two relapses in the last year. Overall,
89.8% of patients had received previous topical
therapy for psoriasis, whereas 56.6% and 41.2%
had received systemic therapy and photother-
apy, respectively. Only 6.6% of patients did not
receive any topical or systemic treatment in the
past (Table 2).

Efficacy Outcomes

At weeks 24/52 (MI), a total of 46.0%/46.0% of
patients treated with DMF achieved PASI 75
responses, 24.8%/21.9% achieved PASI 90
responses, and 10.9%/10.9% PASI 100 respon-
ses, respectively (Fig. 2). After 24/52 weeks of
DMF treatment, mean absolute PASI decreased
from 13.3 to 4.4/4.2 (MI) (p\ 0.001, both)
(Fig. 3a). The proportions of patients achieving
absolute PASI B 5, B 3, and B 1 are shown in
Fig. 3b. Again, responses achieved at week 24
were maintained for up to 52 weeks. At
weeks 24/52 (MI), patients with PASI B 5, B 3,
B 1 were 64.2%/67.9%, 46.4%/46.7%, and
21.5%/19.7%, respectively (Fig. 3b). Similar
trends were obtained with OC analysis.

Mean BSA affected (MI) decreased from
17.4% at baseline to 6.9% after 24 weeks, and itFig. 1 Patient flowchart. AE adverse event, ITT intention-

to-treat, PASI Psoriasis Area and Severity Index
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Table 2 Patient characteristics at baseline

ITT population, N = 274

Demographics and clinical characteristics

Age (years), mean (SD) 46.6 (13.0)

Gender, male, n (%) 181 (66.1)

Weight (kg), mean (SD) 80.3 (16.0)

BMI (kg/m2), mean (SD) 27.9 (4.8)

Time from diagnosis (years), mean (SD) 18.2 (13.6)

PASI score, mean (SD) 13.3 (5.8)

BSA affected (%), mean (SD) 17.4 (11.9)

Number of relapses in the last year, mean (SD) 2.1 (2.5)

Number of dermatology visits in the last 6 months, mean (SD) 2.4 (1.5)

Previous treatment

Type of previous treatment, n (%)

Topical therapy 246 (89.8)

Systemic therapy (non-biologic) 155 (56.6)

Phototherapy 113 (41.2)

At least one previous topical or systemic treatment, n (%) 256 (93.4)

Previous topical or systemic treatment, n (%)

T. corticosteroids ? T. vitamin D analogs 121 (44.2)

T. corticosteroids 30 (10.9)

Methotrexate 27 (9.9)

Ciclosporin 14 (5.1)

T. corticosteroids ? T. vitamin D analogs ? T. salicylic acid preparations 13 (4.7)

Methotrexate ? T. corticosteroids ? T. vitamin D analogs 8 (2.9)

T. corticosteroids ? T. vitamin D analogs ? other topical 7 (2.6)

Acitretina 7 (2.6)

T. vitamin D analogs 4 (1.5)

T. corticosteroids ? T. salicylic acid preparations 4 (1.5)

Other 21 (7.7)

Number of previous systemic treatments, mean (SD) 1.6 (0.7)

BMI body mass index, BSA body surface area, ITT intention-to-treat, PASI Psoriasis Area and Severity Index, SD standard
deviation, T topical
aOne patient received acitretin in combination with T. corticosteroids ? T. vitamin D analogs ? retinoic acid
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was maintained up to week 52 (7.3%)
(p\0.001, both) (Fig. 4a). The proportion of
patients who had a PGA 0–1 (MI) was 42.9% and
49.4% at week 24 and week 52, respectively
(Fig. 4b).

Patient-Reported Outcomes

At baseline, a total of 64.6% of patients had a
VAS of pruritus ranging from 7 to 10 (45.9% of
patients after 4 weeks), with an overall mean
(SD) of 6.9 (2.4), and a total of 254 patients
(92.7%) had a baseline VAS of pruritus C 3.
After 24 and 52 weeks (MI), the mean VAS of
pruritus decreased to 3.5 and 3.3, respectively
(p\ 0.001, both) (Fig. 5a), with most of the
patients (56.5% and 67.6%, respectively) rating
a VAS of pruritus\ 3 (Fig. 5a, b). For those
patients with a baseline VAS of pruritus C 3
(n = 254), the mean VAS of pruritus decreased
from 8.3 to 3.2 and 2.8 (MI) after 24 and
52 weeks of treatment, respectively.

Mean DLQI scores significantly improved
from baseline to week 24 and were maintained
through week 52 (Fig. 6a). After 24 weeks (MI),
61.3% of patients had a DLQI B 5 and 34.7%
had a DLQI 0–1. At week 52 (MI), the propor-
tions of patients with DLQI B 5 and DLQI B 1
were 73.4% and 32.1%, respectively (Fig. 6b).

Mean (SD) VAS of treatment satisfaction
(OC) was 7.6 (2.7) and 8.4 (2.1) at week 24 and
week 52, respectively.

Patients with Moderate Psoriasis

This subgroup of patients included 201 patients
with moderate psoriasis at baseline. PASI scores
improved from baseline to week 24 and were
maintained until week 52. At week 24/52 (MI), a
total of 50.2% and 62.5% of patients treated
with DMF achieved PASI 75 responses, respec-
tively. At weeks 24 and 52, mean (SD) absolute
PASI decreased from 10.5 (0.5) to 3.7 (0.8) and
2.7 (0.6) (MI), respectively.

Mean (SD) VAS of pruritus (MI) at baseline
was 7.7 (0.5), and after week 24/52 (MI), the
mean (SD) VAS of pruritus decreased to 3.2 (0.6)
and 2.7 (0.6), respectively. Baseline mean (SD)
DLQI (MI) was 11.8 (1.4) and mean DLQI scores
improved during the 52 weeks of treatment
[mean DLQI 4.0 (1.1) and 2.4 (0.6) at weeks 24
and 52, respectively]. Mean (SD) VAS of treat-
ment satisfaction (MI) was 8.4 (1.6) and 8.5
(1.7) at week 24 and week 52, respectively.

Fig. 2 Evolution of PASI 50, PASI 75, PASI 90, and
PASI 100 responses through week 52. MI multiple
imputation, OC observed cases, PASI Psoriasis Area and
Severity Index

Fig. 3 PASI score at baseline and weeks 24/52 (a).
Evolution of absolute PASI B 1, B 3, and B 5 responses
through week 52 (b). MI multiple imputation, OC
observed cases, PASI Psoriasis Area and Severity Index
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Systemic-Naı̈ve Patients

A total of 119 patients were systemic-naı̈ve at
baseline. PASI scores improved from baseline to
week 24 and week 52. At weeks 24 and 52, mean
(SD) absolute PASI score decreased from 14.0
(1.3) to 4.1 (0.9) and 2.8 (0.7) (MI), respectively
(Fig. 7). The proportions of patients achieving
absolute PASI\ 5 and\ 3 showed that respon-
ses achieved at week 24 were maintained for up
to 52 weeks. At weeks 24/52 (MI), patients with
PASI\5 and\3 were 70.2%/82.3% and
51.8%/66.4%, respectively. Mean (SD) DLQI
score (MI) at baseline was 13.3 (1.4) and mean
DLQI scores improved during the 52 weeks of
treatment [mean DLQI 4.2 (1.1) and 2.3 (0.6) at
weeks 24 and 52, respectively]. After 24 weeks
(MI), 72.1% of patients had a DLQI B 5 and
46.0% had a DLQI 0-1. At week 52 (MI), the

proportions of patients with DLQI B 5 and
DLQI B 1 were 87.4% and 59.0%, respectively.

Patients with a BMI ‡ 30 kg/m2

There were 90 patients with a BMI C 30 kg/m2

at baseline. PASI scores improved from baseline
to week 24 and week 52. At weeks 24 and 52,
mean (SD) absolute PASI score decreased from

Fig. 4 BSA score at baseline and weeks 24/52 (a).
Proportion of patients with PGA 0–1 at weeks 24/52 (b).
*One patient had no BSA value at baseline. BSA body
surface area, MI multiple imputation, OC observed cases,
PGA Physician’s Global Assessment

Fig. 5 Pruritus VAS score at baseline and weeks 24/52 (a).
Evolution of mean pruritus VAS (MI and OC) and
proportion of patients with pruritus VAS\ 3 (OC)
through week 52 (b). MI multiple imputation, OC
observed cases, VAS visual analogue scale

Fig. 6 DLQI mean score at baseline and weeks 24/52 (a).
Proportions of patients (MI) with DLQI B 5 and 0–1 at
baseline and weeks 24/52 (b). DLQI Dermatology Life
Quality Index, MI multiple imputation, OC observed cases
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13.5 (1.0) to 4.6 (1.0) and 3.0 (0.7) (MI),
respectively. The proportions of patients
achieving absolute PASI\5 and\ 3 showed
that responses achieved at week 24 were main-
tained or increased at week 52. At weeks 24/52
(MI), patients with PASI\5 and\ 3 were
65.3%/81.2% and 52.3%/62.6%, respectively.
Mean (SD) DLQI score (MI) at baseline was 11.0
(1.3) and mean DLQI scores improved during
the 52 weeks of treatment [mean DLQI 4.2 (1.2)
and 2.4 (0.7) at weeks 24 and 52, respectively].
After 24 weeks (MI), 74.0% of patients had a
DLQI B 5 and 44.4% had a DLQI 0-1. At
week 52 (MI), the proportions of patients with
DLQI B 5 and DLQI B 1 were 86.8% and 61.4%,
respectively.

Efficacy Per Body Region

Regional PASI scores for patients treated with
DMF improved from baseline to week 52 at all

studied body regions (head, trunk, upper and
lower extremities). Mean percent improvements
in regional PASI scores (MI) increased from
baseline up to week 24 (mean percentage
improvement of 55.2%, 60.0%, 58.0%, and
62.4% for head, trunk, upper and lower
extremities, respectively). These mean percent
improvements were maintained or even
increased after 52 weeks of treatment: 74.7% in
the head, 76.7% in the trunk, 76.1% in the
upper extremities, and 69.3% in the lower
extremities. Regarding severity of erythema,
induration, and desquamation by body region,
at baseline more than half of the patients had
moderate to very marked symptoms in all
regions/symptoms except for head desquama-
tion (45.3%). The proportion of patients with
no symptoms or mild symptoms (MI) increased
for all body regions, reaching at least 75% of the
patients at weeks 24 and 52 (Table 3).

Safety Outcomes

During the 52-week treatment period, a total of
1586 AEs were recorded in 272 patients (i.e.,
96.5% of the safety population). The most fre-
quent AEs were gastrointestinal disorders
(41.7% of all AEs), mainly diarrhea and
abdominal pain (50.0% and 35.1% of patients,
respectively), followed by flushing (28.0% of
patients) and lymphopenia (31.2% of patients).
Those AEs occurring at a frequency C 5% are
summarized by system organ class and preferred
term in Table 4.

Fig. 7 PASI score at baseline and weeks 24/52 among
systemic-naı̈ve patients. MI multiple imputation, OC
observed cases, PASI Psoriasis Area and Severity Index

Table 3 Patients achieving a severity level of 0–1 in erythema, induration, and desquamation at baseline, week 24, and
week 52 per body region

Severity level 0–1 Head Trunk Upper extremities Lower extremities

BL W24 W52 BL W24 W52 BL W24 W52 BL W24 W52

E, % 39.1 89.3 90.4 12.2 71.2 77.8 10.8 75.1 82.5 7.8 76.6 78.4

I, % 54.8 92.7 97.5 23.2 84.4 85.6 19.8 80.0 87.4 13.2 81.1 82.7

D, % 38.7 87.6 91.1 23.6 80.3 88.2 17.6 72.6 88.0 11.7 79.3 81.9

BL baseline, D desquamation, E erythema, I induration, W week
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Most AEs were mild (69.2%) or moderate
(27.1%) in intensity. Five serious AEs were
reported: appendicitis, eosinophilia, acute hep-
atitis, ischemic stroke, and renal cell carcinoma,
of which only eosinophilia was assessed as
related to DMF. Patients were completely
recovered in 82.3% of cases, and 87.4% of AEs
did not require a temporary or permanent
interruption of treatment. On the basis of the
investigator’s opinion, 40.2% and 30.9% of AEs
were considered related or possibly related to
DMF, respectively (Table 5).

Reasons for Treatment Discontinuation

A total of 77 patients completed the 52-week
treatment period, with clinically significant AEs
(n = 101, 51.3% of patients) and consent with-
drawal (n = 44, 22.3%) being the main reasons
for study withdrawal (Fig. 1). The most com-
mon AEs leading to the withdrawal of therapy
were gastrointestinal disorders (n = 48), with
the majority (n = 43) occurring before study
week 12, and lymphopenia (\700 cells/lL,
n = 42), with the majority (n = 41) occurring
between weeks 12 and 52.

Table 4 Adverse events occurring at a frequency C 5% of patients by system organ class and preferred term

System organ class Preferred term Adverse events, n (%), N = 1586 Patients, n (%), N = 282

Gastrointestinal disorders 661 (41.7)

Diarrhea 253 (16.0) 141 (50.0)

Abdominal pain 139 (8.8) 99 (35.1)

Abdominal pain upper 56 (3.5) 42 (14.9)

Abdominal discomfort 44 (2.8) 31 (11.0)

Vomiting 42 (2.7) 37 (13.1)

Nausea 40 (2.5) 38 (13.5)

General disorders and administration site conditions 257 (16.2)

Flushing 171 (10.8) 79 (28.0)

Skin and subcutaneous tissue disorders 142 (9.0)

Erythema 50 (3.2) 31 (11.0)

Pruritus 54 (3.4) 34 (12.1)

Blood and lymphatic system disorders 119 (7.5)

Lymphopenia (\ 1000 cells/ lL) 110 (6.9) 88 (31.2)

Nervous system disorders 106 (6.7)

Headache 59 (3.7) 35 (12.4)

Dizziness 15 (1.0) 14 (5.0)

Infections and infestations 85 (5.4)

Respiratory, thoracic, and mediastinal disorders 53 (3.3)

Catarrh 23 (1.5) 22 (7.8)
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DISCUSSION

Currently, many effective and well-established
treatments for treating moderate-to-severe pla-
que psoriasis are available. Among them, FAEs
represent a valuable treatment option with
favorable efficacy and safety for adults with
moderate-to-severe chronic plaque psoriasis.
FAEs have been broadly used for many years in
some European countries for treating psoriasis
[17–20]. To our knowledge, few studies were
performed in countries without prior thera-
peutic experience with FAEs, such as Spain. In
this study we evaluated the efficacy and safety
of DMF in conditions close to routine clinical
practice in patients with moderate-to-severe
psoriasis.

Overall, our results showed that almost half
of the patients treated with DMF achieved PASI
75 response at week 24, and this response was
sustained through 52 weeks (MI). These results
are in line with those previously published
showing that 37.5% and 40.3% of patients
treated with DMF and FAE mixture, respec-
tively, achieved PASI 75 response after 16 weeks
of treatment [15]. In addition, PASI 90 and PASI
100 responses as well as absolute PASI response
rates increased until week 24 and were also well
maintained until week 52. The efficacy of DMF
was similar regardless of the type of analysis (MI
or OC). However, more conservative MI analysis
resulted in lower response rates compared with
OC due to dropout rates at the beginning of the
study. In the recently published DIMESKIN 2
study [21], a multicenter, open-label study that
aimed to evaluate the efficacy and long-term
tolerability of DMF treatment in adults with
moderate-to-severe chronic plaque psoriasis for
up to 52 weeks in Italy, higher rates of patients
achieved PASI 75, PASI 90, and PASI 100 (87.7%,
56.9%, and 24.6% of patients, respectively). In
DIMESKIN 2, PASI 75 at 52 weeks was 86.7% in
the MI approach.

In this study, DMF significantly improved
both the BSA and PGA scores after 24 weeks of
treatment, maintaining it up to week 52. The
statistically significant decrease in BSA was
aligned with that previously found in the
BRIDGE trial, in which a decrease of BSA

Table 5 Assessment of adverse events

Adverse events, n (%),
N = 1586

Severity

Mild 1097 (69.2)

Moderate 430 (27.1)

Severe 59 (3.7)

Serious

No 1581 (99.7)

Yes 5 (0.3)

Outcome

Unknown 46 (2.9)

Full recovery 1305 (82.3)

Recovery with sequelae 17 (1.1)

Improvement 52 (3.3)

No changes 143 (9.0)

Worsening 23 (1.5)

Causality

Not related to study product 422 (26.6)

Unlikely related 37 (2.3)

Possible related 489 (30.9)

Related 637 (40.2)

Action taken

None 886 (55.9)

Concomitant treatment 280 (17.7)

Hospitalization 1 (0.1)

Non-pharmacological

treatment

3 (0.2)

Permanent discontinuation

of study drug

168 (10.6)

Temporal discontinuation of

study drug

32 (2.0)

Dose reduction of study drug 216 (13.6)
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affected in patients treated with DMF was
observed from week 3 onward, with continuous
improvement by week 16 [15], and that recently
found in DIMESKIN 2 [21]. Regarding the PGA,
the BRIDGE trial reported 33.0% and 37.4% of
patients treated with DMF and FAE mixture,
respectively, who had a PGA score 0 or 1 (‘‘clear’’
or ‘‘almost clear’’) at week 16, percentages close
to that found in our study at week 24 (around
40%) [15]. The DIMESKIN 2 study reported
81.5% of patients treated with DMF who had a
PGA score of 0 or 1 [21].

A cut-off value for the VAS of pruritus\3
points represents mild pruritus [24]. The impact
of DMF treatment on pruritus was already
observed after 4 weeks, showing an early effect
of DMF on itch relief. DMF strongly improved
pruritus after 24 weeks of treatment, maintain-
ing a high proportion of patients rating a VAS of
pruritus\ 3 up to week 52. DMF had also a
positive impact on quality of life of patients and
treatment satisfaction. Mean DLQI scores
improved significantly during the first 24 weeks
of DMF treatment and were maintained
through week 52. At week 24, two out of three
patients showed a DLQI B 5 and one out of
three had a DLQI between 0 and 1. In addition,
treatment satisfaction was in line with previous
published data in psoriasis patients treated with
FAEs [21, 25].

For obese patients, similar values for mean
absolute PASI and DLQI after DMF treatment
versus overall study population were observed,
suggesting that DMF improves the main sever-
ity and extension indexes as well as quality of
life in obese patients with moderate-to-severe
psoriasis after 24 weeks of treatment and main-
tained up to 52 weeks. These results differ from
those previously published for other psoriatic
drugs, which showed that obese patients with
psoriasis often experience a decreased efficacy
compared with those who were not obese
[26, 27]. However, a favorable and body-weight-
independent response to FAEs has also been
described [28].

This analysis through 52 weeks also suggests
that DMF is effective for systemic-naı̈ve patients
in clinical practice and improves their quality of
life. Mean absolute PASI scores described here at
week 24 are in line with those previously

published for FAEs [4.1 for DMF versus 4.6/5.1
(OC/mixed model repeated measures) for FAEs]
[29]. Of note, a higher proportion of systemic-
naı̈ve patients achieved DLQI B 1 (46.0%) at
week 24 compared with previous published data
for FAEs (14.8%) [30].

Regarding body region, our results showed
DMF treatment efficacy for the four studied
body regions (head, trunk, upper extremities,
and lower extremities) and the three different
signs (erythema, induration, and desquama-
tion) among patients with moderate-to-severe
plaque psoriasis in clinical practice. Mean per-
cent improvement ranges in regional PASI at
week 24 (55.2–62.4%) and at week 52
(69.3–76.7%) are close to those reported for the
BRIDGE trial (from 62.2 to 69.2% at week 16)
[16].

Compared with the BRIDGE study, the pro-
portion of patients with AEs in our study was
slightly higher (96.5% of patients versus 83.9%
and 84.1% of patients in the DMF and FAE
mixture groups, respectively, in the BRIDGE
study) although the severity was similar (for
instance, 69.2% AEs of mild severity versus
66.7% and 67.1% in the DMF and FAE mixture
groups, respectively) [15]. In both studies, the
most frequently reported AEs were gastroin-
testinal disorders (mainly diarrhea, abdominal
pain, abdominal discomfort, vomiting, and
nausea) [15]. Similarly, in an 8-month study
with FAEs, 68% of patients had gastrointestinal
and/or flushing AEs, which settled without
intervention in most cases [17]. Overall, the
safety profile of DMF was similar to that previ-
ously described with FAEs and DMF (with the
most frequently reported AEs being gastroin-
testinal disorders, flushing, and white blood cell
count abnormalities such as lymphopenia)
[15, 31–36].

A European consensus group considered that
FAEs have a favorable long-term safety profile
but recommended managing patient expecta-
tions before starting treatment because AEs are
mostly experienced during the onset of therapy
[13]. In this study, clinically significant AEs
represented the leading cause for treatment
discontinuation (around 50% of study with-
drawals) with this proportion being higher than
that previously reported with DMF and FAEs
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among patients with psoriasis (around 20%)
[15]. This discrepancy could be explained by our
limited experience in the management of these
drugs compared with that of countries that have
used them for decades, as this study represents
our first experience with DMF management.

Previous findings have reported lymphope-
nia as one of the most frequent AEs during DMF
initiation or dose increase, leading to treatment
discontinuation in some cases [13, 37, 38].
Lymphopenia was reported in 10.0% of patients
receiving DMF for 16 weeks in the BRIDGE
study [15]. These results slightly differ from
those reported herein, as we found that the
31.2% of patients developed lymphopenia after
52 weeks of treatment, of which almost half
(14.9% of the safety population) discontinued
treatment owing to a lymphocyte count below
700 cells/lL. This increase could be explained
through the DMF dose-escalation strategy and
by the fact that in the current study, lym-
phopenias mainly started from week 12
onward, after the dose-increase phase, and we
performed a longer follow-up (52 weeks versus
16 weeks). Concerning the gastrointestinal AEs,
our results are in line with those published
previously [15]. The BRIDGE study found that
gastrointestinal symptoms were usually most
bothersome during the first weeks of FAE treat-
ment, decreasing their intensity in the subse-
quent weeks [15]. A non-interventional,
retrospective analysis of data from 200 adult
patients with psoriasis also found that gas-
trointestinal AEs were the main reason for DMF
discontinuation during the first 6 months of
treatment [39].

Overall, our results are also in accordance
with recent real-world data in the use of DMF
showing good effectiveness and safety in rou-
tine practice [40–42].

Some of the main limitations of this work
arise from the inherent weakness associated
with an open-label design, such as the risk of
reporting bias, which may overestimate AEs
because patients may have a greater tendency to
report AEs associated with the drug. This fact
could explain why we found a higher propor-
tion of patients with AEs than previous studies
with a blinded design. However, the longer
follow-up should also be considered. Another

limitation would be the attrition bias, which is
introduced by the fact that patients leaving the
study were likely to be different from those who
completed. For instance, those with more severe
AEs usually find it harder to adhere or continue
to treatment and, therefore, are more likely to
discontinue the study.

CONCLUSIONS

The results presented herein confirm the favor-
able DMF efficacy and safety profiles for treating
moderate-to-severe psoriasis. DMF significantly
improves the main severity and extension
scores used in daily practice to assess psoriasis,
as well as pruritus and quality of life after
24 weeks of treatment, maintaining these
improvements through 52 weeks. The safety
profile of DMF is similar to that previously
described for fumarates, with gastrointestinal
disorders being the majority of AEs during the
first weeks of treatment. However, an individu-
alized adjustment of the DMF dosing based on
patient tolerance and DMF effectiveness will
eventually reduce dropout rates in our setting.
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