Accepted Article

Accepted Date : 15-Feb-2016
Article type

: Systematic Review

Efficacy, effectiveness, and safety of fumaric acid
esters in the treatment of psoriasis: a systematic
review of randomized and observational studies
Running head:
Fumarates for psoriasis: a systematic review

Authors:
D.M.W. Balak1, S. Fallah Arani1, E. Hajdarbegovic1, C.A.F. Hagemans1, W.M. Bramer2,
H.B. Thio1, H.A.M. Neumann1

Affiliations:
1

Department of Dermatology, Erasmus MC, University Medical Center, Rotterdam, the

Netherlands; 2Medical Library, Erasmus MC, University Medical Center, Rotterdam, the
Netherlands.

Conflicts of interest:
There are no conflicts of interest.

This article has been accepted for publication and undergone full peer review but has not been
through the copyediting, typesetting, pagination and proofreading process, which may lead to
differences between this version and the Version of Record. Please cite this article as doi:
10.1111/bjd.14500
This article is protected by copyright. All rights reserved.

Accepted Article

Funding sources:
None

Conflict of interest:
None declared

Key-words: fumarates, Fumaderm, psoriasis area and severity index, systemic
treatment, adverse events.

Corresponding author:
Deepak M.W. Balak
Department of Dermatology, Erasmus MC
Burg. s’ Jacobsplein 51, 3015 CA, Rotterdam, the Netherlands
Tel: +31 10 7032063. Fax: +31 10 7035609.
Email address: d.balak@erasmusmc.nl or balak.dmw@gmail.com

ABSTRACT
Background: Fumaric acid esters (FAEs) are increasingly used as a systemic
treatment for psoriasis, but there are still uncertainties on their suitability.
Objectives: to assess the evidence on efficacy and safety of FAEs in psoriasis
treatment.
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Methods: A systematic literature search in 7 databases up to August, 17th 2015.
Inclusion criteria were studies reporting clinical effects of FAEs in psoriasis patients
without restrictions in study design, language, or publication date. Methodological
quality of randomized controlled trials (RCTs) and overall level of quality were assessed
using the Cochrane risk of bias tool and the Grades of Recommendation, Assessment,
Development and Evaluation approach, respectively.
Results: Sixty-eight articles were included. There were 7 RCTs (total 449 patients) that
had an unclear risk of bias and were too clinically heterogeneous to allow a metaanalysis. Overall, mean psoriasis area and severity index decreased with 42-65%
following 12-16 weeks of treatment. There were 37 observational studies (total 3457
patients) that supported the RCT findings, but most were uncontrolled with a high risk of
bias. Commonly reported adverse events were gastro-intestinal complaints and
flushing, leading to treatment withdrawal in 6-40%. Rare adverse events were renal
Fanconi syndrome and progressive multifocal leukoencephalopathy. There was a lack
of studies on long-term and comparisons to other treatments.
Conclusions: There is low-quality evidence to recommend the use of oral FAEs as
treatment for plaque psoriasis in adult patients. Studies focusing on long-term safety
and comparison to systemic psoriasis treatments could lead to a better positioning of
FAEs as psoriasis treatment.
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What's already known about this topic?
-

The introduction of fumaric acid esters as psoriasis treatment has not been
based on high-quality evidence stemming from well-performed randomized
controlled trials.

-

Fumaric acid esters are licensed in Germany. Outside of Germany, the use of
fumaric acid esters in psoriasis has been unlicensed and limited.

What does this study add?
-

This systemic review provides a comprehensive summary and appraisal of
available studies that reported clinical effects of fumaric acid esters in psoriasis
patients.

-

There was low-quality evidence with unclear and high-risk studies reporting
favourable efficacy and tolerability of FAEs; long-term and comparative studies
were lacking.

INTRODUCTION

Fumaric acid esters (FAEs) are small molecules that have immunomodulating
properties.1 Oral FAEs have been used to treat psoriasis for 5 decades. There is a longstanding tradition in Germany and the Netherlands to treat psoriasis patients with FAEs
as a first-line systemic treatment.2,3 In other countries such as the U.K., FAEs are
increasingly reported as treatment for psoriasis.4,5 Globally, FAEs are limited in
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availability and unlicensed for the treatment of psoriasis, primarily due to a lack of a
high-quality evidence-based development with well-performed randomized controlled
trials. The development of FAEs was mostly done empirical.
FAEs were introduced in 1959 as potential anti-psoriatic drugs by the German

chemist Schweckendiek, who in several self-experiments reported improvement of
psoriasis using different FAEs.6 In the following two decades, FAEs were empirically
developed further with favourable treatment effects.7-10 However, initial dermatologybased observations on FAEs treatment showed variable improvements and concerns
on safety.11-13 Hence, for a long time FAEs were regarded as a controversial psoriasis
treatment.14
In the mid-1980s, there was a revival of interest in FAEs as potential psoriasis

drug, which was partly driven by requests from patients associations.15-17 The first
randomized, double-blind, placebo-controlled trials were published in the early
1990s.18,19 Subsequently, FAEs became approved by German regulatory agencies in
1994 for the treatment of severe psoriasis and in 2011 for moderate psoriasis. The
licensed FAE-formulation (Fumaderm) is a mixture of dimethylfumarate (DMF) and
lesser concentrations of monoethylfumarate (MEF)-salts.20
The mechanisms of action of FAEs are not completely understood. DMF is

considered the most active FAE and thought to improve psoriasis via various
immunomodulating, antiproliferative, and anti-angiogenic effects.21-24 Of importance,
DMF is a pro-drug. The metabolites monomethylfumarate (MMF) and S-(1,2dimethoxycarbonylethyl)glutathione (GS-DMS) are the in vivo moieties; MMF is the
bioactive metabolite.25,26
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Currently, FAEs are one of the most commonly prescribed treatments for
psoriasis in Germany.27 In other European countries, such as the Netherlands and the
U.K, FAEs are increasingly in use for psoriasis treatment albeit as a unlicensed drug. In
the U.K., FAEs are considered a second-line systemic therapy for psoriasis.28 The 2009
European S3-guidelines recommended FAEs as systemic treatment for plaque
psoriasis, but no consensus was reached for a recommendation as a maintenance
treatment.29 In the 2015 update of the European S3-guidelines, FAEs are recommended
for the long-term treatment of psoriasis, but the recommendation is based on expert
opinion only.30 Hence, there are uncertainties on the suitability of FAEs as a psoriasis
treatment.
In this systematic review, we aimed to comprehensively summarize and critically

appraise the evidence on the efficacy, effectiveness, and safety of oral FAEs treatment
in patients with psoriasis.

METHODS
Literature search strategy
The databases Embase.com, Medline (Ovid), Cochrane central registry of trials
(CENTRAL), Web-of-Science, Scopus, PubMed (the subset as supplied by publisher,
containing non-indexed citations), and Google scholar were searched from inception to
August, 17th 2015. The searches, conducted by an experienced biomedical information
specialist (WB), combined multiple thesaurus terms and words in title/abstract for FAEs
with terms for psoriasis. Details of the search strategy are summarized in Appendix 1.
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Selection criteria
Articles were screened for relevance according to the title and abstract. Remaining
articles were assessed full text. Eligible for inclusion were articles describing clinical
effects (i.e. efficacy, effectiveness, and/or safety outcomes) of oral FAEs in psoriasis
treatment. To obtain a complete overview as much as possible, we did not apply
restrictions for publication date, study design, or publication language.

Data extraction
Using a pre-defined data form, we extracted data on study design, study setting, sample
size, study analyses, FAE formulation and dosage, efficacy or effectiveness outcomes,
and safety outcomes.

Quality assessment
The methodological quality of RCTs and observational studies was assessed using the
Cochrane risk of bias tool and the risk of bias assessment tool for nonrandomized
studies (RoBANS), respectively.31,32 Overall level of quality of evidence was assessed
according to the Grades of Recommendation, Assessment, Development and
Evaluation (GRADE) approach.33
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Outcomes and data analysis
We aimed to compare treatment effects of FAEs versus placebo, FAEs versus other
systemic treatments, different FAEs formulations, and different FAEs dosage levels. In
addition, we looked at treatment effects of FAEs in combination with other psoriasis
treatments.
The efficacy and effectiveness outcomes of interest were changes in psoriasis

disease activity as measured by psoriasis area and severity index (PASI), body surface
affected (BSA), or global psoriasis assessments. Additional outcomes included changes
in arthritis, nail symptoms, and health-related quality of life.
The safety outcomes included proportions of patients reported with serious

adverse events, subjective adverse events, laboratory abnormalities, and adverse
events requiring withdrawal of treatment.
We classified observational studies that assessed FAEs treatment 12 months or

longer into long-term studies.
Two researchers (DB and CH) independently assessed articles for eligibility for

inclusion, extracted data, and evaluated methodological quality. Any disagreements
were resolved by consensus.
Descriptive statistics were used to analyse data. Reporting of findings was in line

with the Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA) guidelines.34 A pre-defined review protocol was used, but not registered
beforehand.
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RESULTS
Literature search
The literature search yielded 2515 hits, of which 275 articles were assessed full-text.
Sixty-eight articles were included (See Figure 1).
RCTs on FAEs treatment for psoriasis
Characteristics of RCTs
There were 7 RCTs found, published in the period 1990-2014.18,19,35-38 Of these, three
trials compared FAEs to placebo, one trial compared two different FAEs-formulations to
placebo, one trial compared FAEs to methotrexate, one trial compared the combination
of FAEs with topical calcipotriol to FAEs monotherapy, and the most recent trial
compared FAEs plus an oral histamine antagonist to FAEs monotherapy. Two RCTs
from the Netherlands were published additionally in an extended version in a Dutch
journal.39,40 The characteristics of study design and study population of each RCT are
summarized in Table 1 and Supplement Table 1.
The sample sizes of the RCTs were relatively small, ranging from 27 to 134

patients. Overall, 449 patients were included. The majority of the RCTs included
patients with chronic plaque psoriasis. One RCT enrolled patients with psoriatic
arthritis.41 All included patients were aged 18 years or older. There was considerable
clinical heterogeneity among the RCTs in the efficacy outcomes, time of efficacy
assessment, and used FAE formulations. Frequently used efficacy outcomes were
changes in PASI or in BSA. The treatment duration was relatively short, ranging from
2.8 to 4 months. There were differences in the evaluated FAEs-formulations. Most
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RCT’s applied the standardized incremental dosage regimen up to FAEs 215 mg six
times a day (equals 720 mg DMF). The study of Nieboer18 used a different dosage
regimen up to FAEs 215 mg four times a day (equals 480 mg DMF).

Methodological quality assessment of RCTs
Assessment of the methodological quality of the RCTs using the Cochrane risk of bias
tool yielded an unclear risk of bias, often due to insufficient reporting (See Supplement
Table 2). The overall level of quality of the included RCTs in the GRADE approach was
therefore downgraded to moderate.

Efficacy outcomes reported in RCTs
Due to significant clinical heterogeneity and the small number of RCTs available (n = 7),
we decided not to pool the efficacy data in a meta-analysis. All RCTs reported
statistically significant efficacy results for FAEs. Overall, mean PASI decreased with 4265% following 12-16 weeks of treatment. The efficacy results are summarized in Table
1 (See also Supplement Table 3).
All placebo-controlled RCTs reported statistically significant improvement in

psoriasis severity by FAEs compared to placebo.19,35 The placebo-controlled RCT in
psoriatic arthritis found significant improvement in skin lesions, but only modest
improvement in arthritis.41 Only one RCT reported improvements in health-related
quality of life following FAEs-treatment.38
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The only head-to-head RCT compared FAEs to methotrexate and reported
similar efficacy results following 16 weeks of treatment.36 A RCT directly comparing a
FAEs-formulation containing DMF and MEF to a DMF-formulation reported equal shortterm efficacy.18
Addition of a topical vitamin D analogue calcipotriol resulted in greater and faster

improvement of psoriasis severity compared to FAEs-treatment alone.37 In contrast,
addition of an oral histamine-1 receptor antagonist cetirizine did not increase the
efficacy of FAEs.38

Safety outcomes in RCTs
FAEs treatment was not associated with an increased risk of serious or severe adverse
events. There was only one serious adverse event reported: adnexitis in a subject that
received FAEs and calcipotriol, which was rated as unlikely related to study
medication.37 The proportion of patients with AEs was relatively high, ranging from 69%
to 92% (See Table 1). The most commonly reported AEs were gastrointestinal
complaints (up to 100%) and flushing (up to 92%) (See Supplement Table 3). Common
reported laboratory abnormalities included elevated liver enzymes (up to 62%),
eosinophilia (up to 46%), and lymphocytopenia (up to 38%), but rarely resulted in
treatment discontinuation. Definitions and grading of laboratory abnormalities were not
reported in the individual studies. There was one case of reversible renal insufficiency
reported.39 Eight to 39% of patients discontinued FAEs treatment due to adverse
events, mostly due to intolerable gastrointestinal or flushing complaints.
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Observational studies on FAEs treatment for psoriasis
Characteristics of observational studies
There were 37 observational studies included from the period 1987-2015 with a total of
3457 patients. There was considerable clinical heterogeneity in FAEs formulations and
treatment duration. The characteristics of the included observational studies are
summarized in Table 2 and Supplement Table 4. The majority (73%) of these studies
were open-label, single-centre, cohort studies that were often uncontrolled. There were
2 cross-sectional studies42,43, the rest of the observational studies were case series
(n=8). The majority of studies included patients with moderate to severe plaque
psoriasis. Two studies evaluated FAEs in mild cases of plaque psoriasis. In some
studies small number of patients with subtypes other than plaque psoriasis were
included, such as guttate or palmoplantar pustular psoriasis. Almost all studies involved
adult patients, except for 2 studies that included paediatric psoriasis patients.44,45
Sample sizes ranged from 6 to 984. The treatment duration ranged from 1 month to 14
years. There were 18 studies which described long-term FAEs treatment from 1 year up
to 14 years. Most studies assessed Fumaderm with the recommended dosage
schedule. There was variation in the used effectiveness outcomes. PASI, PGA, and
global psoriasis severity assessments were used.
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Quality assessment of observational studies
Most of the observational studies were retrospective and uncontrolled single-centre
studies with a high or unclear risk of bias (See Supplement Table 5). Following the
GRADE approach, there were insufficient grounds to upgrade the quality of evidence.
Hence, the overall level of quality using GRADE was evaluated as a very low quality of
evidence.

Effectiveness in observational studies
The effectiveness data are summarized in Table 2 and Supplement Table 6. There was
a wide range in reported effectiveness outcomes. Overall, mean reductions in PASI
ranged from 13% to 86% following 3-4 months of treatment. Reported PASI-75
responses ranged from 8% to 33%. One retrospective, single-centre cohort study
reported a drug survival of FAEs of 60% after 4 years of treatment.46 Several studies
reported improvements in patient-reported quality of life.47-49 There were anecdotal data
on combination treatment with other systemic treatments.50,51 One registry-study from
Austria found similar effectiveness of FAEs and methotrexate.52
Two small retrospective case series from the Netherlands and Germany

assessed the effects of FAEs in children with psoriasis.44,45 The effectiveness results of
FAEs were in line with results reported in adult patients.
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Safety outcomes in observational studies
No deaths or serious adverse events were reported in the observational studies. The
adverse events profile was in general similar among the studies. The most commonly
reported adverse events were gastrointestinal complaints and flushing (See Table 3 and
Supplement Table 6). Commonly reported laboratory abnormalities included
lymphocytopenia, elevated liver enzymes, and eosinophilia.
Forty-five to 87% of patients had experienced an adverse event. The proportion

of patients discontinuing FAEs treatment due to adverse events ranged from 6% to
47%. The most common cause for early treatment discontinuation was intolerable
gastrointestinal symptoms and, to a lesser extent, severe flushing symptoms. There
were few reported treatment discontinuations due to laboratory abnormalities.
There were few studies that specifically evaluated long-term treatment with

FAEs. The available data indicated no increased risk for infections, malignancies, or
other serious adverse events associated with long-term FAE treatment. In a small,
retrospective single centre study among patients treated with FAE continuously for up to
10 to 14 years, no serious adverse events or malignancies were observed. 53 Similar
safety results were reported in a large, German study among nearly 1000 patients
treated with FAE for a mean duration of 3.5 years.42
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Case reports on adverse events of FAEs
Twenty-four case reports described adverse events associated with FAEs treatment
(See Table 6). Of these, several involved immunosuppressive events linked to FAEsinduced lymphocytopenia: Kaposi sarcoma54, organizing pneumonia55, tuberculous
lymphadenitis56, squamous cell carcinoma57, melanoma58, and progressive multifocal
leukoencephalopathy (PML).59-65 There have been 7 cases published of PML. In most
cases the development of PML was linked to exposure to severe low lymphocyte counts
for prolonged periods of time. However, there was one case of PML linked to moderate
lymphocytopenia.65
Furthermore, there were several renal adverse events reported: six cases of a

drug-induced Fanconi syndrome linked to FAEs.66-71 Fanconi syndrome is characterized
by proximal renal tubular dysfunction and can lead to proteinuria, glycosuria, and low
serum levels of phosphate. Furthermore, there were 9 cases of acute renal insufficiency
linked to FAEs. These cases of acute renal insufficiency were all reported in the 1990s
and involved uncontrolled use of oral and topical FAEs.
Lastly, there was one case reported of collagenous colitis during FAEs treatment,

which may be associated with a FAE-induced T helper 2 immune response.72
DISCUSSION
FAEs have a long history as a systemic psoriasis treatment, but their development was
not based on high-quality evidence. Here, we assessed studies on efficacy and safety
of FAEs in psoriasis treatment. The available evidence was limited with 7 RCTs with
relatively small sample sizes and an unclear risk of bias. Overall, mean PASI decreased
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with 42-65% following 12-16 weeks of treatment. The number of observational studies
(n=37) was much larger, but the majority were uncontrolled and with a high risk of bias.
The safety profile of FAEs was well-characterized. Intolerable gastrointestinal
complaints and flushing led to early treatment withdrawal in 6-40%. Lymphocytopenia,
eosinophilia, increased liver enzymes, and proteinuria were commonly observed, but
rarely resulted in FAEs discontinuation. Studies with long-term data were lacking.
To appreciate our results, several aspects of this systematic review need to be

considered. Strengths of our study include the extensive literature search involving
multiple bibliographic databases and the fact that we did not exclude specific study
types or publication dates, making this the largest systematic review on FAEs in
psoriasis to date. In addition, we included articles written in languages other than
English, thereby decreasing language bias. Furthermore, quality of the included studies
was critically evaluated using the GRADE approach. A limitation was that most included
studies were open-label and uncontrolled studies with a low level of evidence.
Moreover, due to considerable clinical heterogeneity among the studies, a metaanalysis was not possible. Furthermore, the majority of the RCTs from the 1990s did not
adhere to reporting guidelines that are now considered standard (e.g. CONSORT
guidelines).73 Moreover, there was a lack of standardization of efficacy outcomes across
the RCTs.
A recent Cochrane review of the effects of FAEs in psoriasis could not perform a

meta-analysis because of incomplete and heterogeneous reporting of outcomes.74
Several previous studies did apply a meta-analysis on a limited number of studies.
These meta-analyses reported similar efficacy of FAEs to methotrexate75, superior
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efficacy of FAEs compared to the biologic efalizumab76, and significant differences of
FAEs compared to placebo.77
Most studies assessed the FAE-formulation Fumaderm that has had German

marketing authorisation since 1994. The choice of the components of Fumaderm (i.e.
DMF and MEF-salts) was not based on rational pharmacological studies. Recent
preclinical studies suggest that DMF is the most active FAEs with anti-psoriatic
effects.78,79 In particular, DMF is a pro-drug for which MMF is the bioactive metabolite.20
Two small studies from the 1990s compared a FAEs-formulation containing DMF plus
MEF to a DMF-formulation and found no statistically significant differences.18,80
However, these studies applied different dosage schedules and did not use validated
efficacy outcomes. Consequently, clear conclusions cannot be made on the results of
these results. A novel DMF-formulation BG-12 was assessed in several psoriasis
RCTs81, but these studies have yet to be published. The BG12-formulation later became
approved for treatment of multiple sclerosis by the FDA in 2013.82,83 Several novel
FAEs-formulations are now in development, e.g. a MMF-linker formulation and a DMFformulation (Clinicaltrials.gov, numbers NCT02173301 and NCT01230138,
respectively).
Since the mid-1990s, FAEs are increasingly being used and regarded as a

systemic treatment with a favourable risk-benefit ratio. FAEs have several advantages.
FAEs seem suitable for psoriasis patients with co-morbidity. Also, there are no known
drug-interactions. Also, FAEs appear to have no increased risk of significant
immunosuppressive adverse events, in contrast to other systemic classical
treatments.84 Although lymphocytopenia is relatively frequently observed during FAEs
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treatment in about 50% of patients, in most cases the lymphocyte reductions are mild.30
A small proportion of patients of circa 3% has a severe lymphocytopenia during FAEs
treatment.30 FAEs-induced lymphocytopenia does not seem to cause significant
immunosuppression as long as lymphocyte-counts are closely monitored according to
the guidelines.85 FAE dosage reduction is recommended in case of lymphocyte-counts
below 700 per cubic mm and direct FAE discontinuation is recommended in case of
lymphocyte-counts below 500 per cubic mm.29,30 The occurrence of opportunistic
infections during FAEs treatment was linked to exposure to prolonged severe
lymphocytopenia or to other known risk factors.
It is noted that the experience of FAEs as psoriasis treatment is larger than the

published data.86 It is interesting to compare the level of evidence of FAEs to that of
methotrexate. Methotrexate is globally the most commonly used classical systemic
treatment for psoriasis.87 The available evidence, however, is limited even though
methotrexate is in use since 1958.29 Results from a RCT and a registry-based
observational study indicated that methotrexate and FAEs have similar clinical
improvements in short-term treatment.36,52 Excluding methotrexate, FAEs have not been
compared head-to-head to other systemic psoriasis treatments. Such comparative
studies are needed to better define the position of FAEs as psoriasis treatment.4
In conclusion, FAEs are considered to be suitable as a systemic treatment for

moderate to severe plaque psoriasis, but the quality of the available evidence is low.
Future studies could focus to optimize FAEs-formulations and to compare FAEs to other
systemic treatments in order to better define the position of FAEs in the landscape of
psoriasis treatment.
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Table 1: Summary of characteristics and outcomes from RCTs on FAEs treatment in psoriasis
No.

Study (year)

Sample

Treatment

size

duration

Risk of bias

Treatment arm

FAEs dosage

PASI-75

Mean change

Proportion

Withdrawal

per day in mg

response

in PASI

with AEs

rate due to

in weeks

AEs

FAEs in combination with other treatments compared to FAEs alone:
1

2

Balak et al. (2014)38

50

12

Low

FAEs + placebo

720 mg DMF + 570

20%

- 65%

84%

32%

20%

- 66%

84%

24%

NR

- 52%

79%

30%

NR

- 76%

82%

21%

19%

- 42%

92%

8%

mg MEF
FAEs + cetirizine

720 mg DMF + 570
mg MEF

Gollnick et al. (2002)37

134

13

Low

FAEs + placebo

720 mg DMF + 570

ointment

mg MEF

FAEs + calcipotriol

720 mg DMF + 570

ointment

mg MEF

FAEs

720 mg DMF + 570

FAEs compared to other systemic psoriasis treatments:
3

Fallah Arani et al. (2011)36

54

16

Unclear

mg MEF
MTX

NA

24%

- 54%

100%

16%

FAEs

720 mg DMF + 570

NR

- 50%

76%

39%

NR

NR

16%

2%

NR

NR

69%

15%

FAEs compared to placebo:
4

5

6

7

Altmeyer et al. (1994)19

100

16

Unclear

mg MEF
Placebo
41

Peeters et al. (1992)

27

16

Unclear

FAEs

720 mg DMF + 570
mg MEF

Nieboer et al. (1990)18

45

16

Unclear

Placebo

NA

NR

NR

NR

0%

FAEs

480 mg DMF + 380

NR

NR

87%

35%

mg MEF

Nugteren-Huying et al.

39

16

Unclear

FAEs (DMF)

480 mg DMF

NR

NR

86%

18%

FAEs

720 mg DMF + 570

NR

NR

NR

8%

NR

NR

NR

23%

(1990)35

mg MEF
FAEs (OF)

1704 mg OF +
48 mg MEF

Abbreviations: AEs, adverse events; DMF, dimethylfumarate; FAEs, fumaric acid esters; MEF, monoethylfumarate; MTX, methotrexate; NA, not applicable; NR, not reported;
OF, octylfumarate; PASI, psoriasis area and severity index;
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Table 2: Summary of characteristics and outcomes from observational studies on FAEs treatment in psoriasis
No.

Study (year)

Study design

Sample
size

Treatment
duration
in months

FAEs treatment

Maximum FAEs
dosage per day in
mg

PASI-75
response

Mean
change
in PASI

Proportion
with AEs

Withdrawal
rate due to
AEs

Long-term studies (treatment duration > 12 months):
1

Wilsmann-Theis et al.
(2015)51

2

Lijnen et al. (2015)88

3

Steinz et al. (2014)45

4

Walker et al. (2014)48

5

Ismail et al. (2014)46

6

Balak et al. (2013)44

7

Thaci et al. (2013)43

8

Wain et al. (2010)47

9

Reich et al. (2009)42

10

Brewer et al. (2007)89

11

Balasubramani et al.
(2004)50

12

Carboni et al. (2004)90

13

Hoefnagel et al.
(2003)53

Retrospective,
multicentre case
series
Prospective,
singlecentre
cohort study
Retrospective,
singlecentre case
series in children
with psoriasis
Prospective,
multicentre cohort
study
Retrospective,
singlecentre
cohort study
Retrospective
multicentre case
series in children
with psoriasis
Retrospective
multicentre crosssectional study

17

Mean 21

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

NR

82%

12%

176

Median 28

DMF

1680 mg DMF

NR

NR

86%

25%

6

Mean 18

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

33%

NR

80%

0%

249

12

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

67%

NR

44%

249

Mean 28

FAEs

720 mg DMF + 570
mg MEF

NR

NR

NR

47%

14

Median 10

DMF + MEF
(Dutch
formulations)

720 mg DMF + 570
mg MEF

NR

NR

64%

14%

69

Mean 27

DMF + MEF
(Fumaderm)

NR

NR

NR

64%

6%

Prospective, single
centre cohort
study
Retrospective
multicentre, crosssectional study
Retrospective
single centre case
series
Retrospective
single centre case
series
Prospective, single
centre cohort
study
Retrospective
single centre
cohort study

80

3 – 60

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

8%

19%

74%

36%

984

Mean 44

DMF + MEF
(Fumaderm)

NR

NR

79%

NR

2%

31

Mean 8

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

NR

87%

26%

12

Mean 10

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

NR

83%

8%

40

Mean 15

DMF + MEF
(Fumaderm)

360 mg DMF + 285
MEF

NR

80%

27%

10%

66

0 – 168

FAEs

720 mg DMF + 570
mg MEF

NR

NR

73%

40%
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14

Litjens et al. (2003)91

15

Boesken et al.
(1998)92

16

Thio et al. (1995)93

17

Kolbach et al. (1992)80

18

Bayard et al. (1987)16

Prospective, single
centre cohort
study
Prospective, single
centre cohort
study
Retrospective
single centre
cohort study
Prospective,
single centre
cohort study
Prospective, single
centre cohort
study

12

24

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

NR

NR

42%

47

Mean 17

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

NR

45%

NR

83

1 – 36

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

NR

NR

11%

129

1 – 24

NR

NR

18%

12 – 14

NR
NR

NR
NR

NR
NR

26%
17%

18

3

480 mg DMF + 380
mg MEF
240 mg DMF
720 mg DMF + 570
mg MEF
720 mg DMF + 570
mg MEF

NR

67
30

DMF + MEF
(Fumaderm)
DMF
DMF + MEF
(Fumaderm)
DMF + MEF
(Fumaderm)

NR

NR

NR

11%

39

4

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

27%

59%

77%

13%

106

6

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

28%

71%

NR

16%

200

3 – 12

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

27%

13%

NR

31%

45

Median 10

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

NR

66%

33%

32

3

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

54%

NR

13%

21

4

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

67%

NR

NR

13

6

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

31%

71%

NR

8%

23

NR

NR

NR

NR

4

720 mg DMF + 570
mg MEF
216 mg DMF + 126
mg MEF

NR

41

DMF + MEF
(Fumaderm)
DMF + MEF
(Fumaderm)

NR

32%

NR

7%

30

NR

DMF + MEF

720 mg DMF + 570
mg MEF

NR

NR

NR

30%

11

NR

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

NR

NR

18%

Short-term studies (study duration < 12 months)
19

Schmieder et al.
(2015)49

20

Gambichler et al.
(2014)94

21

Inzinger et al. (2013)52

22

Heelan et al. (2012)95

23

Gambichler et al.
(2012)96

24

Gambichler et al.
(2012)97

25

Boehncke et al.
(2011)98

26

Häring et al. (2011)99

27

Kokelj et al. (2009)100

28

Sladden et al.
(2006)101

29

Fika et al. (2006)102

Prospective,
multicentre cohort
study
Prospective, single
centre cohort
study
Retrospective
single centre
cohort study
Retrospective
single centre
cohort study
Prospective, single
centre cohort
study
Prospective, single
centre cohort
study
Prospective, single
centre cohort
study
Prospective, single
centre case series
Prospective, single
centre cohort
study
Retrospective
single centre
cohort study
Retrospective
single centre case
series
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30

Harries et al. (2005)103

31

Ständer et al.(2003)104

32

Friedrich et al.
(2001)105

33

Mrowietz et al.
(1998)106

34

Höxtermann et al.
(1998)107

35

Altmeyer et al.
(1996)108

36

Altmeyer et al.
(1996)109

37

Nieboer et al. (1989)17

Retrospective
single centre case
series
Prospective, single
centre cohort
study
Prospective, single
centre randomized
cohort study

58

NR

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

NR

66%

26%

13

6

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

75%

NR

15%

21

2

720 mg DMF + 570
mg MEF
720 mg DMF + 570
mg MEF

NR

NR

76%

19%

NR

NR

52%

17%

Prospective,
multicentre cohort
study
Prospective single
centre cohort
study
Prospective, single
centre cohort
study
Prospective, single
centre cohort
study
Prospective, single
centre cohort
study

101

4

DMF + MEF
(Fumaderm)
DMF + MEF
(Fumaderm) +
pentoxifylline
DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

80%

69%

7%

10

12

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

86%

NR

0%

83

12

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

76%

62%

13%

16

3

DMF + MEF
(Fumaderm)

720 mg DMF + 570
mg MEF

NR

NR

NR

NR

36

Mean 10

DMF + MEF

NR

NR

NR

8%

38
42
20
56

4
4
3
4–9

MEF
DMF
MEF
DMF

720 mg DMF + 570
mg MEF
240 mg MEF
240 mg DMF
240 - 720 mg MEF
240 mg DMF

NR
NR
NR
NR

NR
NR
NR
NR

NR
NR
NR
NR

5%
27%
0%
27%

23
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Table 3: Adverse events associated with FAEs in psoriasis treatment reported in ≥ 5 patients in
randomized and observational studies
Adverse event

Combined total
number of patients

Lymphocytopenia*

1115

Gastrointestinal complaints

670

Flushing

626

Increase in liver enzymes*

341

Eosinophilia*

254

Proteinuria*

242

Leukocytopenia*

218

Increase in creatinine*

79

Pruritus

55

Fatigue

55

Headache

34

Malaise

33

Increase in urea*

19

Dizziness

15

Increase in cholesterol*

12

Hypertension

10

Dermatitis/rash

9

Hyperkalaemia*

8

*Of note, the definitions and grading of laboratory abnormalities were not reported in the individual studies.
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Table 4: Summary of safety outcomes of FAEs in psoriasis treatment reported in case reports

Adverse event

No. of
cases

References

Acute renal insufficiency

7

Roodnat (1989)13, Dalhoff (1990)110, Stuhlinger (1990)111

Renal Fanconi syndrome

6

Proteinuria

3

Fliegner (1992)66, Haviv (1999)67, Raschka (1999)68,Schilling (1999)69, Warzecha
(2001)70, Reid (2013)71
Ogilvie (2011)112

Related to renal events:

Potentially related to immunosuppression:
Progressive multifocal leukoencephalopathy (PML)

7

Malignant melanoma

2

Ermis (2013)59, van Oosten (2013)60,Stoppe (2014)61, Bartsch (2015)62, Dammeier
(2015)113, Hoepner (2015)64, Nieuwkamp (2015)114
Barth (2011)58

Tuberculous lymphadenitis

1

Ahmad (2007)56

Organizing pneumonia

1

Deegan (2010)55

Squamous cell carcinoma

1

Jennings (2009)57

Kaposi sarcoma

1

Phillips (2009, 2013)54,115

1

Hoffmann (2014)72

Other adverse events:
Collagenous colitis

Appendix 1: Electronic literature search strategy

Embase.com:
('fumaric acid'/exp OR 'fumaric acid derivative'/exp OR 'fumaric acid dimethyl ester'/exp OR 'fumaric
acid ethyl ester'/exp OR 'fumaric acid methyl ester'/exp OR 'fumaric acid octyl ester'/exp OR
fumaderm/exp OR (fumarat* OR dimethylfumarat* OR monomethylfumarat* OR 'fumaric acid' OR
fumaderm)) AND (psoriasis/exp OR 'psoriatic arthritis'/de OR 'antipsoriasis agent'/de OR (psoria* OR
antipsoria*))

Medline (OvidSP):
(fumarates/ OR (fumarat* OR dimethylfumarat* OR monomethylfumarat* OR fumaric acid OR
fumaderm)) AND (exp psoriasis/ OR (psoria* OR antipsoria*))
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Cochrane (CENTRAL):
((fumarat* OR dimethylfumarat* OR monomethylfumarat* OR 'fumaric acid' OR fumaderm)) AND
((psoria* OR antipsoria*))

Web-of-science:
TS=(((fumarat* OR dimethylfumarat* OR monomethylfumarat* OR "fumaric acid" OR fumaderm)) AND
((psoria* OR antipsoria*)))

Scopus:
TITLE-ABS-KEY(((fumarat* OR dimethylfumarat* OR monomethylfumarat* OR "fumaric acid" OR
fumaderm)) AND ((psoria* OR antipsoria*)))

PubMed publisher:
((fumarat*[tiab] OR dimethylfumarat*[tiab] OR monomethylfumarat*[tiab] OR fumaric acid*[tiab] OR
fumaderm*[tiab])) AND ((psoria*[tiab] OR antipsoria*[tiab])) AND publisher[sb]

Google scholar:
Fumarate|Fumarates|dimethylfumarate|dimethylfumarates|monomethylfumarate|monomethylfumarates|"fumaric acid"|fumaderm psoriasis|psoriatic|antipsoriasis|antipsoriatic
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