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Abstract
Background Fumaric acid esters (FAEs) are an established systemic treatment for moderate-to-severe psoriasis. How-

ever, the long-term clinical safety and effectiveness of continuous FAE monotherapy and combination therapy have not

been established.

Objective To examine the long-term safety and effectiveness of FAEs as monotherapy and in combination with pho-

totherapy or methotrexate in patients with psoriasis treated at a single centre in Germany.

Methods This monocentric, retrospective observational study, with a follow-up period of up to 32.5 years, included

859 patients: 626 received FAE monotherapy, 123 received FAEs with concomitant phototherapy and 110 received FAEs

with methotrexate.

Results Approximately half of patients (49.0%) reported adverse events (566 total events), most of which involved the

gastrointestinal tract. Serious adverse events were reported in 2.3% of patients, but none were deemed to have a causal

relationship with any of the treatment regimens. Adverse events leading to treatment discontinuation were observed in

12.9% of patients. A median duration of 1 year was observed in all three treatment subcohorts (P = 0.70) from initiation

of FAE treatment to a 50% response rate, where response was defined as achieving a cumulative static Physician’s Glo-

bal Assessment (PGA) score of ‘light’ and at least a 2-point reduction in baseline PGA. A 50% response rate for the

cumulative Psoriasis Area and Severity Index 75 was achieved in the FAE monotherapy subcohort after a median of

3 years of treatment, in the FAEs + phototherapy subcohort after 6.7 years and in the FAEs + methotrexate subcohort

after 8.1 years (P = 0.001).

Conclusion According to our data, FAEs as monotherapy or in combination with phototherapy or methotrexate are

safe and beneficial for long-term clinical use. However, multicentre, randomized controlled trials are required to establish

the clinical value of monotherapy versus combination therapy and the optimal treatment duration.
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Introduction
Psoriasis is a widely acknowledged Th1-, Th17- and Th22-

mediated chronic inflammatory autoimmune disease of the skin

and joints (psoriatic arthritis).1,2 With a prevalence of 2–3% in

industrialized western countries,3 psoriasis is considered the

most frequent immune-mediated disease in humans.4 In

Germany, about 2 million people of all ages suffer from psoria-

sis.5 Many of these individuals are moderately to severely

affected, with considerable impairment of quality of life.

Patients with moderate-to-severe psoriasis generally require

long-term or even lifelong systemic treatment.6,7 For these

patients, it is highly desirable to achieve adequate long-term
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disease control with continued administration of safe and effec-

tive treatments.6 However, the available data on long-term

maintenance treatments remain scarce.8

Fumaric acid esters (FAEs) are recommended in European

guidelines for the induction and long-term treatment of adults

(≥18 years of age) with moderate-to-severe psoriasis, unless

topical treatment is adequate.9 The successful use of fumaric acid

for the self-treatment of psoriasis was first described in 1959 by

the German chemist Schweckendiek.10 Since then, an FAE mix-

ture has become increasingly standardized and has been com-

monly prescribed off-licence for psoriasis, first in Germany and

later in north-western Europe.11 The reference product Fuma-

derm� is an enteric-coated tablet containing a defined mixture

of dimethyl fumarate (DMF) and the calcium, magnesium and

zinc salts of monoethyl fumarate. The current evidence suggests

that DMF acts only as an oral prodrug and that its metabolite

monomethyl fumarate, which is rapidly formed by spontaneous

or esterase-mediated hydrolysis of DMF in the gut lumen or ini-

tial epithelial cell layer, is the pharmacologically active com-

pound,12 with pleiotropic immunomodulating properties that

inhibit particularly the Th17- and Th1-dominated responses in

patients with psoriasis.11,13–16 Fumaderm� received marketing

approval in Germany in 1994.17 Since then, FAEs have become

the most frequently used first-line systemic treatment of psoria-

sis in Germany, accounting for more than 50% of all psoriasis-

related prescriptions,17 equivalent to approximately 20 000

patients with psoriasis receiving FAE therapy. Treatment is usu-

ally administered over several years, but to date only one small

single-centre, retrospective observational study has been

reported.18 That study found no serious adverse events (SAEs)

or malignancies in 12 patients with psoriasis treated

continuously with FAEs for 10–14 years.

Despite contrary recommendations in the European

guidelines,9,19 long-term FAE therapy in combination with

phototherapy or with the classic systemic antipsoriatic agent

methotrexate (MTX) is not uncommon in clinical practice,17,20

especially where FAE monotherapy is insufficient to control

skin symptoms or psoriatic arthritis. In a first, larger, prospec-

tive non-interventional multicentre study of 363 adult patients,

with an observation period of 12 months, FAEs in combination

with phototherapy proved safe and effective.21 However, long-

term data on the safety and effectiveness of this regimen are

lacking, and less evidence is available regarding FAEs in combi-

nation with MTX. Only one prospective study22 and two retro-

spective case series23,24 are available in the literature; these

studies reported beneficial combination treatment with FAEs

and MTX, with no clinically significant drug–drug interactions

in a total of 20 patients with psoriasis. However, because of the

small number of reported cases, these results are only an initial

indication that FAEs can be combined off-label with MTX to

safely and effectively treat therapy-refractory psoriasis or

psoriatic arthritis.

The aim of this monocentric, retrospective observational

study was to evaluate the long-term clinical safety and effective-

ness of three treatment regimens (‘FAE monotherapy’,

‘FAEs + phototherapy’ and ‘FAEs + MTX’), with a follow-up

period of up to 32.5 years.

Methods

Study design
This investigator-initiated, systematic, retrospective review of

digital patient records included all patients with a clinical diag-

nosis of psoriasis of any subtype consecutively treated with FAEs

(Fumaderm�), as monotherapy or in combination, at the

Department of Dermatology, Venereology and Allergology, Ruhr

University Bochum, Germany, between January 1975 (first pre-

scription of FAEs in the department) and the data collection per-

iod (13 February 2012 to 31 October 2012).

Over the study period, diagnosis of psoriasis with final deci-

sion on FAE therapy initiation was made by the senior author of

this manuscript (P.A.) or by medical staff specialized in derma-

tology under his supervision. Decisions on FAE therapy were

individualized and agreed upon with each patient.

Patient selection
A total of 3332 digital records of psoriasis patients who received

systemic therapy with FAEs were screened. Patients typically

underwent monthly clinical assessment and quarterly monitor-

ing of laboratory findings. Digital patient records were reviewed

for the 879 patients who attended at least one routine follow-up

visit at our outpatient department. For further data analysis,

patients were subdivided into three main treatment groups:

‘FAE monotherapy’ (626 patients), ‘FAEs + phototherapy’ (123

patients) and ‘FAEs + MTX’ (110 patients). Combination regi-

mens with cyclosporine (n = 4), retinoids (n = 4), leflunomide

(n = 2), glucocorticosteroids (n = 3) or biologics (n = 7) were

disregarded because of the small number of cases. The final

study population consisted of 859 patients.

Treatment modalities
Following negative screening tests, FAEs were initiated with a

gradually increasing dosing regimen.25 Maintenance doses were

individually adjusted according to therapeutic response and tol-

erability. FAEs were commonly administered as monotherapy

(72.9% of the study population) or, less frequently, in combina-

tion with phototherapy (14.3%; median delay between FAE ther-

apy initiation and addition of phototherapy, 14 days) or MTX

(12.8%; median delay between FAE therapy initiation and addi-

tion of MTX, 441 days). Regular options for phototherapy were

UVB (85 patients; broadband or narrowband), PUVA (37

patients; oral, bath or cream) or UVA (1 patient).19,26 The

starting MTX dosage was prescribed according to established

guidelines; 15 mg/week was usually used and 10 mg/week was
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used in some cases.19,26 Dosage adjustments during treatment

were based on clinical improvement and ranged from 5 to

25 mg/week.27 MTX was only administered orally. All patients

received folic acid supplementation 24 h after MTX at an equiv-

alent dosage (i.e. 5–25 mg/week)27 to reduce side-effects such as

nausea and megaloblastic anaemia.28

Of note, all patients additionally received various topical

antipsoriatic treatments (e.g. dithranol, glucocorticosteroids or

vitamin D analogues) during treatment with the FAE regimens.

Variables
The following data were extracted from the hospital digital data-

base and recorded on a predefined standardized paper case

record form (CRF): patient identification number; date of

record keeping; patient demographics; clinical type of psoriasis;

comorbidities; antipsoriatic treatments prior to FAE therapy ini-

tiation; FAE treatment characteristics; clinical efficacy (static

Physician’s Global Assessment (sPGA) and Psoriasis Area and

Severity Index (PASI)); safety laboratory values (relevant blood

and serum parameters and urinalysis); adverse events (AEs); and

SAEs.

For each patient, the start of the observation period (‘index

date’) was defined as the date of first prescription for FAEs to

treat psoriasis. Censoring (‘censorship date’) occurred either at

the last visit for patients lost to follow-up (who were thereafter

seen by the referring dermatologist for continued therapy; rele-

vant for 438/859 patients, 51.0%) or on the last date of data col-

lection (31 October 2012; relevant for 137/859 patients, 15.9%),

whichever occurred first. Reasons for FAE discontinuation (rele-

vant for 284/859 patients, 33.1%) were as follows: clinical remis-

sion, lack of efficacy, AE, pregnancy or intention to become

pregnant, patient choice, death or other reason (non-compli-

ance, no reimbursement, switch to an alternative systemic drug,

etc.). AEs and SAEs documented throughout the observation

period were classified using the Medical Dictionary for Regula-

tory Activities (MedDRA) version 20.1 September 2017. Any

additional or emerging disease or clinically significant change in

laboratory safety measurements in comparison with baseline

findings was regarded as an AE or SAE.

Psoriasis severity was evaluated using two established tools,

the sPGA and the PASI,29 of which the sPGA is more frequently

employed in clinical practice and in retrospective studies.30 For

the sPGA, the following 5-point scale was used, according to

Walker et al.:14 ‘light’ (comprising ‘clear’, ‘almost clear’ and

‘mild’),31 ‘moderate’, ‘moderate-to-severe’, ‘severe’ and ‘very

severe’. PASI results range from 0.0 (no psoriasis) to 72.0 (most

severe psoriasis).32 A PASI score of >10 and/or body surface area
of >10 and Dermatology Life Quality Index of >10 are generally

considered to indicate moderate-to-severe psoriasis.33 All aver-

age assessments of psoriatic lesions based on erythema, scale and

induration (retrospectively classified according to the aforemen-

tioned sPGA) and PASI assessments were performed by P.A. at

baseline and at irregular intervals during follow-up visits. These

assessments remained consistent over the whole study period.

With one exception, sPGA was documented for all patients

(n = 858, 99.9%); for this patient, only the PASI was docu-

mented. PASI values were available for only 681 patients

(79.3%).

Data management
Primary data were collected and recorded on site on machine-

readable CRFs by an authorized member of the investigator’s

staff under the supervision of the first author (H.D.) as the prin-

cipal investigator. Original CRFs were sent to INPADS GmbH,

Bad D€urkheim, Germany, for data entry; copies remained on

site. CRF data were stored in a relational database. Two-person

consistency checks were performed, and queries were issued for

inconsistencies and implausibility.

The relational database was stored at the Institute of Medical

Biometry and Informatics, University Hospital Heidelberg,

Germany. All details of quality-assured data analysis (performed

by T.B.) were defined in a statistical analysis plan.

Statistical analysis
For descriptive purposes, we report categorical variables as abso-

lute and relative frequencies and continuous variables as mean,

standard deviation (SD), median and range (minimum, maxi-

mum). Statistical significance was evaluated with a chi-square

test, one-sample t-test, one-way analysis of variance (ANOVA)

or the Kruskal–Wallis test, depending on the underlying distri-

bution of data. P-values ≤ 0.05 were considered significant.

However, all P-values were purely descriptive and not confirma-

tory. Missing values were not considered in calculations.

Primary safety outcomes were defined as rates of discontinu-

ation because of AEs in each treatment group. Coprimary effec-

tiveness outcomes were defined as (i) the proportion of

patients achieving an sPGA score of ‘light’ and at least a 2-

point reduction in baseline PGA score and (ii) the proportion

of patients with ≥75% reduction in PASI (PASI 75; considered

a less stringent reasonable therapeutic goal)34 versus baseline.

Secondary effectiveness outcomes comprised PASI 50 (consid-

ered the minimum target)33 and PASI 90 [considered treatment

success by the European Medicines Agency (EMA)] response

rates.34 Additionally, we assessed absolute PASI (aPASI) values

≤10 (qualifying as PASI 50 response), ≤5 (qualifying as PASI 75

response) and ≤2 (qualifying as PASI 90 response), because of

growing consensus that these values provide a better bench-

mark of therapeutic success, irrespective of the time of assess-

ment and baseline PASI.34

We estimated the proportion of patients with psoriasis who

reached a defined ‘event’ of effectiveness in their respective vary-

ing observation periods with the Kaplan–Meier method

(Kaplan–Meier failure estimates).35 The single events were

defined as follows: sPGA = ‘light’ and at least a 2-point
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reduction in baseline PGA, PASI 50, PASI 75, PASI 90,

aPASI ≤ 10, aPASI ≤ 5 and aPASI ≤ 2. The corresponding event

dates were defined as the date of first occurrence during treat-

ment. Censorship occurred at the last available follow-up date at

which the effectiveness event had failed to occur. All Kaplan–
Meier failure curves of event by treatment group are depicted

with the number of patients ‘at risk’ and 95% simultaneous con-

fidence intervals (Hall–Wellner bands).36–38 ‘Patients at risk’

were defined as patients on therapy at a certain time point who

had not yet reached the effectiveness event. We summarized

Kaplan–Meier failure curve results by presenting the median

event, which is the time point at which the cumulative response

rate exceeds 50%.39 We used log-rank tests to descriptively com-

pare the event between treatment groups, taking the whole

observation period into account.40 Because of the retrospective

study design, no imputation of missing values was performed.

Data were analysed with SAS� statistical analysis software,

version 9.4 (SAS Institute, Cary, NC, USA). This report of an

observational study was written in close compliance with the

recommendations of the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) Initiative.41,42

Ethical approval
This study was approved by the Ethics Committee of the Medi-

cal Faculty of the Ruhr University Bochum (registration no.

4203-12; 6 February 2012) and performed in compliance with

the principles of the Declaration of Helsinki (2008 revised

version) and the German Data Protection Act (BDSG).

Role of the funding source
The sponsor was interested in evaluating the safety profile and

effectiveness of continuous long-term treatment with Fuma-

derm� in patients with psoriasis referred to our dermatological

centre and provided funding for this observational study. H.D.

designed the study in conjunction with the sponsor. No persons

other than the authors were involved in the analysis and inter-

pretation of data, the writing of the manuscript or the decision

to submit for publication.

Results

Demographics and baseline clinical characteristics
Of the 859 psoriasis patients analysed, 528 (61.5%) were male.

The mean patient age was 46.3 years (range 9–90 years). FAEs

were used off-label in children and adolescents; no patients

younger than 18 years received MTX. Baseline demographic

data of the total cohort and subcohorts are shown in Table 1.

No significant differences were observed among the three treat-

ment groups in any variable. Of note, numerous values for

BMI, family history of psoriasis, smoking status and employ-

ment status were missing. Mean BMI of the study population

with available data was 28.9 kg/m2, which is in the preobese

Table 1 Demographic and general characteristics of patients with psoriasis by treatment group prior to FAE therapy initiation; total
number of patients = 859

FAE
monotherapy

FAEs +

phototherapy
FAEs + MTX All P-value

Patients initiating FAE therapy, N (%) 626 (72.9) 123 (14.3) 110 (12.8) 859 (100.0)

Sex

Male, n (%) 388 (62.0) 77 (62.6) 63 (57.3) 528 (61.5) 0.62*

Female, n (%) 238 (38.0) 46 (37.4) 47 (42.7) 331 (38.5)

Age (years)

Mean � SD 45.9 � 14.6 48.3 � 15.5 46.7 � 14.2 46.3 � 14.7 0.22**

Median (range) 46.0 (9.0�89.0) 47.0 (11.0�90.0) 47.5 (18.0�89.0) 46.0 (9.0�90.0)

BMI (kg/m2), n (% of N) 111 (17.7) 55 (44.7) 56 (50.9) 222 (25.8)

Mean � SD 28.6 � 6.6 29.1 � 6.2 29.4 � 7.8 28.9 � 6.8 0.75**

Median (range) 27.3 (18.0�51.0) 28.0 (19.7�52.0) 27.5 (19.0�60.0) 27.8 (18.0�60.0)

Family history of psoriasis, n (% of N) 421 (67.3) 85 (69.1) 88 (80.0) 594 (69.2)

Positive, n (%) 137 (32.5) 26 (30.6) 31 (35.2) 194 (32.7) 0.81*

Negative, n (%) 284 (67.5) 59 (69.4) 57 (64.8) 400 (67.3)

Smoking status, n (% of N) 150 (24.0) 58 (47.2) 62 (56.4) 270 (31.4)

Positive/current, n (%) 93 (62.0) 33 (56.9) 35 (56.5) 161 (59.6) 0.67*

Negative, n (%) 57 (38.0) 25 (43.1) 27 (43.5) 109 (40.4)

Employment status, n (% of N) 203 (32.4) 55 (44.7) 56 (50.9) 314 (36.6)

Employed, n (%) 149 (73.4) 36 (65.5) 38 (67.9) 223 (71.0) 0.44*

Unemployed/retired, n (%) 54 (26.6) 19 (34.5) 18 (32.1) 91 (29.0)

*P-value derived from chi-square test; **P-value derived from one-way analysis of variance (ANOVA).
FAEs, fumaric acid esters; phototherapy, ultraviolet A, ultraviolet B or psoralen + ultraviolet A; MTX, methotrexate; n, number of patients with available data;
SD, standard deviation; BMI, body mass index.
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range (equivalent to overweight). Approximately one-third of

patients with available data had a family history of psoriasis.

About two-thirds were smokers and about two-thirds were

employed.

Baseline clinical characteristics of the total cohort and subco-

horts are shown in Table 2. Chronic plaque-type psoriasis was

the most frequent manifestation, followed by psoriasis capitis,

nail psoriasis, psoriatic arthritis and inverse psoriasis. Patients

Table 2 Disease characteristics of patients with psoriasis by treatment group prior to FAE therapy initiation

FAE
monotherapy

FAEs +
phototherapy

FAEs + MTX All P-value

Patients initiating FAE therapy, N 626 123 110 859

Clinical type of psoriasis‡, n (% of N)

Plaque psoriasis 559 (89.3) 102 (82.9) 97 (88.2) 758 (88.2) <0.0001*

Psoriasis capitis 133 (21.2) 19 (15.4) 16 (14.5) 168 (19.6)

Nail psoriasis 97 (15.5) 28 (22.8) 34 (30.9) 159 (18.5)

Psoriatic arthritis 50 (8.0) 7 (5.7) 43 (39.1) 100 (11.6)

Inverse psoriasis 62 (9.9) 19 (15.4) 12 (10.9) 93 (10.8)

Guttate psoriasis 17 (2.7) 8 (6.5) 4 (3.6) 29 (3.4)

Palmoplantar psoriasis 18 (2.9) 5 (4.1) 3 (2.7) 26 (3.0)

Pustular psoriasis 9 (1.4) 3 (2.4) 4 (3.6) 16 (1.9)

Erythrodermic psoriasis 1 (0.2) 0 0 1 (0.1)

PGA score at baseline, n (% of N) 625 (99.8) 123 (100) 110 (100) 858 (99.9)

Mean � SD 3.6 � 0.8 3.7 � 0.8 3.9 � 0.8 3.7 � 0.8 0.01***

Median (range) 4 (1�5) 4 (2�5) 4 (2�5) 4 (1�5)

PASI score at baseline, n (% of N) 497 (79.4) 100 (81.3) 84 (76.4) 681 (79.3)

Mean � SD 22.3 � 8.3 23.6 � 7.9 24.9 � 9.0 22.8 � 8.4 0.02**

Median (range) 22 (2.4�49.8) 23.9 (2.4�42.0) 25 (2.4�47.3) 22.5 (2.4�49.8)

Total patients with one or more
comorbidities, n (% of N)

236 (37.7) 73 (59.3) 64 (58.2) 373 (43.4) <0.0001*

Comorbidity‡, n (% of N)

Hypertension 99 (15.8) 39 (31.7) 20 (18.2) 158 (18.4) 0.86*

T2DM 39 (6.2) 14 (11.4) 6 (5.5) 59 (6.9)

HLP 36 (5.8) 10 (8.1) 6 (5.5) 52 (6.1)

CLD 22 (3.5) 11 (8.9) 11 (10.0) 44 (5.1)

DJD 24 (3.8) 6 (4.9) 9 (8.2) 39 (4.5)

Alcohol/drug abuse 20 (3.2) 7 (5.7) 4 (3.6) 31 (3.6)

Mental illness 17 (2.7) 5 (4.1) 4 (3.6) 26 (3.0)

CHD 15 (2.4) 8 (6.5) 1 (0.9) 24 (2.8)

Other pulmonary disease 10 (1.6) 5 (4.1) 6 (5.5) 21 (2.4)

Other chronic gastrointestinal disease 10 (1.6) 3 (2.4) 7 (6.4) 20 (2.3)

Malignant neoplasm 10 (1.6) 3 (2.4) 2 (1.8) 15 (1.7)

CKD 9 (1.4) 2 (1.6) 3 (2.7) 14 (1.6)

HF 8 (1.3) 2 (1.6) 2 (1.8) 12 (1.4)

COPD 7 (1.1) 2 (1.6) 2 (1.8) 11 (1.3)

PUD 6 (1.0) 2 (1.6) 1 (0.9) 9 (1.0)

CVD 6 (1.0) 0 2 (1.8) 8 (0.9)

Chronic viral infection 3 (0.5) 2 (1.6) 1 (0.9) 6 (0.7)

Osteoporosis 3 (0.5) 1 (0.8) 1 (0.9) 5 (0.6)

T1DM 1 (0.2) 0 0 1 (0.1)

Other disease 69 (11.0) 17 (13.8) 19 (17.3) 105 (12.2)

*P-value derived from chi-square test; **P-value derived from ANOVA; ***P-value derived from Kruskal–Wallis test (nonparametric analysis of variance).
‡Multiple diagnoses possible.
FAEs, fumaric acid esters; phototherapy, ultraviolet A, ultraviolet B or psoralen + ultraviolet A; MTX, methotrexate; n, number of patients with available data;
PASI, Psoriasis Area and Severity Index; PGA, Physician’s Global Assessment; SD, standard deviation; T2DM, type 2 diabetes mellitus; HLP, hyperlipopro-
teinemia; CLD, chronic liver disease; DJD, degenerative joint disease; CHD, coronary heart disease; CKD, chronic kidney disease; HF, heart failure; COPD,
chronic obstructive pulmonary disease; PUD, peptic ulcer disease; CVD, cerebrovascular disease; T1DM, type 1 diabetes mellitus. The PGA scale was
defined as follows: 1 = light, 2 = moderate, 3 = moderate-to-severe, 4 = severe, 5 = very severe.
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suffering from psoriatic arthritis were proportionally overrepre-

sented in the ‘FAEs + MTX’ treatment group, mainly because

MTX is indicated for this condition.28

In the total cohort, mean PGA score was 3.7 (range 1–5), indi-
cating ‘severe’ psoriasis. In the subgroup of patients with

available data, mean PASI score was 22.8 (range 2.4–49.8), also
reflecting severe psoriasis of the skin.17 Both scores were signifi-

cantly higher in the ‘FAEs + MTX’ group than in the ‘FAE

monotherapy’ group.

In 373 of the 859 patients (43.4%), at least one comorbidity

was documented. Significantly fewer patients in the ‘FAE

monotherapy’ group had comorbidities compared with the

other two groups. However, comorbidity patterns were generally

distributed equally among the treatment groups. The most fre-

quent comorbidities were metabolic diseases, including hyper-

tension, type 2 diabetes and hyperlipoproteinemia. A slightly

greater proportion of patients had chronic liver disease or

degenerative joint disease in the ‘FAEs + MTX’ group than in

the other groups.

Treatment characteristics
All 859 psoriasis patients were treatment-na€ıve for FAEs. The

mean duration of psoriasis before FAE therapy initiation was

13.7 years (range 0–69.9 years). Almost all patients (99.8%) had

received topical and physical (UVB, PUVA, UVA) pretreatment;

only 11.2% had received systemic pretreatment, most frequently

MTX (4.4%) or retinoids (4.4%). A significantly higher propor-

tion of systemically pretreated patients was found in the

‘FAEs + MTX’ group than in other groups. In total, 763 patients

(88.8%) received FAEs as their first systemic antipsoriatic

therapy, many after a longer period of systemically untreated

psoriasis. Full details of treatment characteristics over the whole

observation period in the total cohort and in subcohorts are

shown in Table 3.

For the total cohort, the mean duration of continuous therapy

with FAEs was 3.6 years (range 0.1–32.5 years), with a signifi-

cantly longer mean duration of 4.6 years in the ‘FAEs + MTX’

group. The mean average daily maintenance dose was 384.1 mg

DMF (range 29.8–1030.6 mg) or 3.4 Fumaderm� tablets (range

1–8.6 tablets). Some patients temporarily received up to nine

Fumaderm� tablets per day, mainly because of lower than

expected clinical improvement under the maximum recom-

mended dose of six tablets daily (720 mg of DMF). In these

patients, there was no significant increase in the number or

severity of AEs. Differences among the treatment groups were

observed, with significantly higher doses in the ‘FAEs + MTX’

subcohort.

Continuous combination therapy with phototherapy lasted

on average 1.8 years (range 0.1–16 years); mean treatment dura-

tion of continuous combination therapy with MTX was

2.2 years (range 0–11.1 years). The mean average weekly dose of

MTX was 14.5 mg (range 5–25 mg).

A significantly greater proportion of patients prematurely dis-

continued therapy in the ‘FAEs + MTX’ subcohort than in other

groups (Table 4). In the ‘FAE monotherapy’ subcohort, the

three main reasons for discontinuation of treatment were, in

descending order: AEs, clinical remission and lack of efficacy. In

the other subcohorts, the reasons were, in descending order: lack

of efficacy, AEs and patients’ decisions.

Safety
A total of 421 patients (49.0%) experienced 566 AEs during their

observation period (Table 5). Gastrointestinal complaints, flush-

ing and blood and lymphatic system disorders were most

frequently noted. However, only 111 patients (12.9%) ultimately

stopped their respective therapy regimen because of an AE.

Alterations in haematology, hepatobiliary disorders and renal

disorders resulted relatively often in treatment discontinuation.

Discontinuation rates resulting from AEs were similar in all

treatment groups. The development of treatment-related

malignancies and opportunistic infections was not observed.

Twenty of the total AEs (3.5%; 4.8% of patients with AEs),

including one death, were classified as SAEs and were reported

to the competent authorities concerned. An AE was classified as

serious if it resulted in death or inpatient hospitalization or was

of medical significance. However, all SAEs were determined to

be unlikely to be related to the respective therapy regimen.

In the ‘FAE monotherapy’ subcohort, six SAEs resulted in

treatment discontinuation: death caused by a massive acute

ischaemic stroke in a 79-year-old woman after 1.5 years of ther-

apy; non-small cell bronchogenic carcinoma in a 56-year-old

man after 1 year of therapy; prostate cancer in a 56-year-old

man after 5 years of therapy; rectal carcinoma in a 71-year-old

man after 0.5 years of therapy; acute pancreatitis in a 39-year-

old woman after 5.5 years of therapy; and chronic kidney dis-

ease, stage 3, in a case of suspected hypertensive nephroan-

giosclerosis in a 78-year-old man after 1 year of therapy. In the

same subcohort, 11 SAEs, including dizzy spell, initial ischaemic

stroke, depression, basal cell carcinoma, mammary carcinoma,

bladder cancer, small bowel resection, arm fracture, knee sur-

gery, ulcera crurum and condylomata acuminata, did not lead to

therapy discontinuation. The remaining three SAEs, which

occurred in the ‘FAEs + MTX’ group, were lower respiratory

tract infection, pneumonia and IgG kappa plasmacytoma; none

resulted in treatment discontinuation. No SAE was reported in

the ‘FAEs + phototherapy’ group.

Relevant laboratory abnormalities detected during therapy are

shown in Table 6. All of these were transient and returned to

normal after reducing the FAE dose or discontinuing FAE treat-

ment. Nine patients (1.4%) in the ‘FAE monotherapy’ subco-

hort, five patients (4.1%) in the ‘FAEs + phototherapy’

subcohort and two patients (1.8%) in the ‘FAEs + MTX’ subco-

hort discontinued therapy because of leucopenia or grade 3 or 4

lymphopenia, according to the Common Terminology Criteria

© 2018 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
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for Adverse Events (CTCAE v4.03). Eosinophilia (maximum

measured level 2069 cells/lL) led to premature treatment dis-

continuation in three patients (0.5%) in the ‘FAE monotherapy’

subcohort and in one patient (0.8%) in the ‘FAEs + photother-

apy’ subcohort. Thrombocytopenia did not necessitate interrup-

tion of treatment. Five patients (0.8%) in the ‘FAE

monotherapy’ subcohort and three patients (2.7%) in the

‘FAEs + MTX’ subcohort discontinued therapy because of an

increase in liver enzymes (SGOT, SGPT and/or GGT), classified

as >3 times the normal upper limit.11 Two patients (0.3%) dis-

continued therapy in the ‘FAE monotherapy’ subcohort because

of an increase in serum creatinine above the upper limit of the

normal range. Therapy was interrupted in the same subcohort

by one patient (0.2%) because of proteinuria.

Changes in blood parameters measured within a 3-year period

to monitor the safety of the respective therapy regimens are

Table 3 Treatment characteristics of patients with psoriasis by treatment group

FAE
monotherapy

FAEs +
phototherapy

FAEs + MTX All P-value

Patients initiating FAE therapy, N 626 123 110 859

Prior topical and/or phototherapy, n (% of N)

Topical therapy 325 (51.9) 56 (45.5) 56 (50.9) 437 (50.9) 0.50*

Topical therapy + phototherapy 298 (47.6) 66 (53.7) 53 (48.2) 417 (48.5)

Phototherapy 2 (0.3) 1 (0.8) 0 3 (0.4)

None 1 (0.2) 0 1 (0.9) 2 (0.2)

Prior systemic therapy, n (% of N)

None 567 (90.6) 110 (89.4) 86 (78.2) 763 (88.8) 0.0007*

MTX 24 (3.8) 3 (2.4) 11 (10.0) 38 (4.4)

Acitretin 22 (3.5) 8 (6.5) 8 (7.3) 38 (4.4)

Biologic 6 (1.0) 1 (0.8) 3 (2.7) 10 (1.2)

Cyclosporine 5 (0.8) 0 1 (0.9) 6 (0.7)

GC 2 (0.3) 1 (0.8) 1 (0.9) 4 (0.5)

Time between initial diagnosis and FAE therapy initiation [years]

Mean � SD 13.6 � 12.7 12.6 � 13.3 15.2 � 14.2 13.7 � 13.0 0.32**

Median (range) 10.1 (0�69.9) 8.0 (0�68.4) 10.8 (0�63.0) 10.1 (0�69.9)

Years on continuous therapy with FAEs

Mean � SD 3.5 � 4.2 3.2 � 4.4 4.6 � 4.6 3.6 � 4.3 0.02**

Median (range) 1.7 (0.1�32.5) 1.5 (0.1�30.2) 3.4 (0.2�28.1) 1.8 (0.1�32.5)†

Average DMF dose [mg/day]

Mean � SD 373.7 � 182.1 384.0 � 200.3 443.6 � 207.1 384.1 � 189.3 0.0016**

Median (range) 360 (32.6�960) 411.4 (29.8�1030.6) 409.7 (60�1008.1) 367.6 (29.8�1030.6)

Average Fumaderm� dose [tablets/day]

Mean � SD 3.3 � 1.4 3.4 � 1.5 3.8 � 1.6 3.4 � 1.5 0.0008**

Median (range) 3.1 (1.0�8.0) 3.5 (1.0�8.6) 3.4 (1.4�8.4) 3.1 (1.0�8.6)

Years on continuous therapy with FAEs + phototherapy

Mean � SD 1.8 � 2.6

Median (range) 0.7 (0.1�16.0)

Years on continuous therapy with FAEs + MTX

Mean � SD 2.2 � 2.1

Median (range) 1.7 (0�11.1)

Average MTX dose [mg/week]

Mean � SD 14.5 � 3.3

Median (range) 15.0 (5.0�25.0)

Cumulative dose of MTX [mg]

Mean � SD 1617.7 � 1500.7

Median (range) 1342.0 (20.0–9266.0)

*P-value derived from chi-square test; **P-value derived from ANOVA.
†FAE treatment lasted >10 years in 9% of patients (n = 77); >20 years in 1.2% of patients (n = 10); and >30 years in 0.2% of patients (n = 2).
FAEs, fumaric acid esters; phototherapy, ultraviolet A, ultraviolet B or psoralen + ultraviolet A; MTX, methotrexate; GC, glucocorticoid; SD, standard deviation;
DMF, dimethyl fumarate. Biologics included alefacept, efalizumab, etanercept and infliximab.
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displayed in Table 7. Of note, slightly over one-third of blood

counts at baseline (relevant for 308/859 patients) were missing

because they were measured externally by referring physicians.

Irrespective of treatment group, the mean lymphocyte count

decreased by about 20% within the first 3 months of therapy;

this decrease was highly statistically significant. Over the course

of therapy, lymphocyte counts further decreased below 30% of

baseline values. The reduction in the mean leucocyte count was

comparable, but was less pronounced, with a total reduction

approaching 20% over the course of therapy. Within the first

3 months of therapy, the mean eosinophil count showed its

maximum increase from baseline values, but then decreased to

standard values with ongoing therapy. Alterations in the mean

platelet count were all within the normal range. Changes in the

relevant serum parameters within a time frame of 3 years are

displayed in Table 8 according to therapy regimen. One-third of

baseline serum levels (relevant for 287/859 patients) are missing

because the referring physicians measured levels externally. All

mean values during therapy were in the normal ranges.

Effectiveness
In general, sPGA and PASI assessments showed an improvement

in the severity of psoriatic skin lesions with a sustained uptrend

during treatment with FAEs, either as monotherapy or in combi-

nation therapy. In all treatment groups, the time from FAE ther-

apy initiation to a cumulative sPGA response rate of 50% for

achieving ‘light’ status and at least a 2-point reduction in base-

line PGA was 1 year (Fig. 1a–c). The sPGA results were not sig-

nificantly different among treatment groups (P = 0.70).

In the ‘FAE monotherapy’ subcohort, the time from FAE

therapy initiation to a cumulative PASI 50/75/90 response rate

of 50% was 2/3/7.9 years, respectively (Fig. 2a). In the

‘FAEs + phototherapy’ subcohort, the time from FAE therapy

initiation to a cumulative PASI 50/75/90 response rate of 50%

was 2/6.7/13.4 years (Fig. 2b). In the ‘FAEs + MTX’ subcohort,

the time from FAE therapy initiation to a cumulative PASI

50/75/90 response rate of 50% was 3.2/8.1/10.4 years (Fig. 2c).

Differences among treatment groups were statistically significant

for PASI 50 (P = 0.007) and PASI 75 (P = 0.001) but not PASI

90 (P = 0.07).

In the ‘FAE monotherapy’ subcohort, the time from FAE

therapy initiation to a cumulative aPASI ≤ 10/≤5/≤2 response

rate of 50% was 2/3/5.8 years (Fig. 3a). In the ‘FAEs + pho-

totherapy’ subcohort, these times were 2/6.7/(not reached) years

(Fig. 3b), and in the ‘FAEs + MTX’ subcohort, these times were

3.9/8.2/12.2 years (Fig. 3c). Differences among the treatment

groups were statistically significant for all three secondary out-

comes: aPASI ≤ 10 (P = 0.002), aPASI ≤ 5 (P < 0.0001) and

aPASI ≤ 2 (P = 0.003).

Of note, in each of the three treatment groups, PASI 75 and

aPASI ≤ 5 as well as PASI 90 and aPASI ≤ 2 correlated strongly

(range of j-values 0.78–0.94; individual data not shown),

whereas PASI 50 and aPASI ≤ 10 correlated only moderately

(range of j-values 0.57–0.80; individual data not shown).43

Discussion
The results of this observational study describe, for the first time,

the long-term treatment of psoriasis with three different FAE

therapy regimens (FAE monotherapy; FAEs + phototherapy;

FAEs + MTX) in a real-life setting. One strength of this study is

that it is, to the best of our knowledge, the largest study of this

kind to include a total study population continuously treated

with FAEs for a mean of 3.6 years (43.9 months) and is there-

fore strongly representative of psoriasis patients treated with

classic systemic therapies in everyday clinical practice. Each of

the three therapy regimens was well characterized with a suffi-

ciently large sample size and a relatively long observation period

in many cases (Table 3); 27.1% of all 859 patients received FAEs

in combination with phototherapy or MTX. To measure safety,

we calculated AE rates and listed SAEs. To evaluate effectiveness,

Table 4 Reasons for FAE treatment discontinuation according to treatment group

FAE
monotherapy

FAEs +
phototherapy

FAEs +
MTX

All P-value*

Patients initiating FAE therapy, N 626 123 110 859

Total patients terminating therapy, n (% of N) 188 (30.0) 48 (39.0) 48 (43.6) 284 (33.1) 0.0063

Reasons for discontinuation, n (% of N)

Adverse event 81 (12.9) 14 (11.4) 15 (13.6) 110 (12.8) <0.0001

Lack of efficacy (or lower than expected improvement) 26 (4.2) 16 (13.0) 21 (19.1) 63 (7.3)

Clinical remission 49 (7.8) 4 (3.3) 4 (3.6) 57 (6.6)

Patient choice 11 (1.8) 8 (6.5) 5 (4.5) 24 (2.8)

Other reasons 16 (2.6) 4 (3.3) 3 (2.7) 23 (2.7)

Pregnancy or intention to become pregnant 4 (0.6) 2 (1.6) 0 6 (0.7)

Death (from treatment-unrelated causes†) 1 (0.2) 0 0 1 (0.1)

*P-value derived from chi-square test.
†Acute ischaemic stroke.
FAEs, fumaric acid esters; phototherapy, ultraviolet A, ultraviolet B or psoralen + ultraviolet A; MTX, methotrexate. Other reasons included not specified, non-
compliance, no reimbursement and switch to an alternative systemic drug.
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we measured reduction in sPGA and percentage reduction in

PASI and aPASI as the outcomes of interest.44 In the long-term

treatment of patients with psoriasis, FAE monotherapy and

combination therapies with phototherapy or MTX showed a

favourable safety profile and satisfactory clinical effectiveness.

Safety aspects
In all treatment groups, the most frequent AEs were gastroin-

testinal symptoms, which were observed in approximately one-

third of treated patients (Table 5). In our experience, gastroin-

testinal symptoms typically occur within the first few weeks of

FAE treatment and last for several minutes to half an hour after

oral administration. Symptoms are generally mild to moderate

and resolve with continued treatment. In this study, these symp-

toms were rarely so profound as to require treatment discontin-

uation. However, the comparatively low manifestation of

gastrointestinal symptoms in our study defies explanation.45,46

One can only speculate whether the great diversity in reports of

treatment-related gastrointestinal disorders is due in part to the

wide heterogeneity in FAE dosage adjustments, which in real life

are mainly based on the individual expertise of the treating

physicians. The second most frequently reported AE was flush-

ing of the skin (Table 5), which can range from a rapid sensation

of heat to long-lasting facial redness. This symptom was

observed in up to 6–14% of patients, also typically in the earlier

stages of treatment and with the tendency to resolve over time.

This AE may be very unpleasant but is not serious and only very

rarely represents a considerable burden for the patient, leading

to treatment discontinuation. Improvement of this AE has been

observed following treatment with acetylsalicylic acid.17,19,26

This treatment response has been later confirmed also by two

randomized placebo-controlled clinical trials (RCTs).47,48 Hae-

matologic disorders, primarily comprising leucopenia, lym-

phopenia and eosinophilia, were the third most reported AEs

(Table 5). According to the literature, the proportion of patients

who discontinue FAE treatment because of haematologic disor-

ders ranges from 2.6% to 12%.5,14,30 Between 12% and 17% of

patients in the three treatment groups developed severe lym-

phopenia or eosinophilia at some point during FAE therapy

(Table 6). A retrospective case series reported that 26% of psori-

asis patients (16/62) had a lymphocyte count <500/lL.49 Usu-

ally, these phenomena are transient and reversible14,50–52 and

may serve as a biomarker for drug efficacy of FAEs.53 The

changes in leucocyte and lymphocyte counts observed in the

present study (Table 7) compare well with those recently

reported by Sondermann et al.54 In that study, which included a

much smaller cohort of 105 patients with psoriasis, the median

leucocyte count decreased by about 17.3% and the median lym-

phocyte count by about 35.8% in the first 6 months of FAE ther-

apy. Over a maximum FAE treatment period of 112 months,

that group observed severe lymphopenia (CTCAE grade 3 or 4)

in 11.4% of patients. Although severe, persistent leucopenia and

lymphopenia events were rare,49,55 these AEs resulted relatively

often in the physician’s decision to discontinue treatment to

decrease the risk of opportunistic infection.54 Although oppor-

tunistic infections are very rare, 19 cases of progressive multifo-

cal leucoencephalopathy have been identified among patients

treated with different FAE preparations to date;56,57 14 of these

Table 6 Abnormal laboratory findings (following Mrowietz et al.64) among the different treatment groups at some point during treatment
duration

FAE monotherapy FAEs + phototherapy FAEs + MTX All P-value*

Patients initiating FAE therapy, N 626 123 110 859

Blood parameters, n (% of N)

Leucocytes <3000/lL 29 (4.6) 5 (4.1) 3 (2.7) 37 (4.3) 0.66

Lymphocytes <500/lL (CTCAE grade 3 and 4) 105 (16.8) 21 (17.1) 14 (12.7) 140 (16.3) 0.55

Eosinophils >450/lL (25% above normal upper limit) 102 (16.3) 20 (16.3) 18 (16.4) 140 (16.3) 0.99

Platelets <150 000/lL 48 (7.7) 12 (9.8) 14 (12.7) 74 (8.6) 0.19

Serum parameters, n (% of N)

SGOT >150 IU/L (3 times the normal upper limit) 4 (0.6) 0 0 4 (0.5) 0.47

SGPT >150 IU/L (3 times the normal upper limit) 6 (1.0) 3 (2.4) 5 (4.5) 14 (1.6) 0.02

GGT >213 IU/L (3 times the normal upper limit) 19 (3.0) 1 (0.8) 4 (3.6) 24 (2.8) 0.33

Creatinine >1.20 mg/dL 75 (12.0) 21 (17.1) 21 (19.1) 117 (13.6) 0.06

Urinalysis, n (% of N)

Proteinuria (dipstick urinalysis positive and 24-h
urine collection >0.14 g protein)

79 (12.6) 24 (19.5) 12 (10.9) 115 (13.4) 0.09

*P-value derived from chi-square test.
FAEs, fumaric acid esters; phototherapy, ultraviolet A, ultraviolet B or psoralen + ultraviolet A; MTX, methotrexate; SGOT, serum glutamic oxaloacetic
transaminase; SGPT, serum glutamate pyruvate transaminase; GGT, gamma-glutamyltransferase; CTCAE, Common Terminology Criteria for Adverse
Events (available at: http://evs.nci.nih.gov/ftp1/CTCAE/CTCAE_4.03_2010-06-14_QuickReference_5x7.pdf; last accessed 30 December 2017). Normal
ranges: leucocytes = 4600�9500/lL, lymphocytes = 1000�4050/lL, eosinophils = 40�360/lL, platelets = 150 000�400 000/lL, SGOT = 10�50 IU/L,
SGPT = 10�50 IU/L, GGT = 10�71 IU/L, serum creatinine = 0.70�1.20 mg/dL, dipstick urinalysis = negative, 24-h urine collection ≤0.14 g protein.

© 2018 The Authors. Journal of the European Academy of Dermatology and Venereology published by John Wiley & Sons Ltd
on behalf of European Academy of Dermatology and Venereology.
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occurred during therapy for psoriasis (11 patients used Fuma-

derm� and three patients used Psorinovo�, DMF, compounding

pharmacy). All of these patients were lymphopenic and had been

receiving FAE therapy for prolonged periods. Only patients with

prolonged uncontrolled lymphopenia during FAE therapy seem

to be at higher risk for this very rare but serious side-effect of

Figure 1 Cumulative improvement in static PGA response (event:
sPGA = ‘light’ and at least a 2-point reduction in baseline PGA score)
by treatment group: (a) FAE monotherapy, (b) FAEs + phototherapy
and (c) FAEs + MTX. Kaplan–Meier failure curves with the number of
patients ‘at risk’ (on therapy) and 95%Hall–Wellner bands.

Figure 2 Cumulative improvement in PASI response (events:
PASI 50, PASI 75 and PASI 90) by treatment group: (a) FAE
monotherapy, (b) FAEs + phototherapy and (c) FAEs + MTX.
Kaplan–Meier failure curves with the number of patients ‘at risk’
(on therapy) in each group and 95% Hall–Wellner bands.
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FAEs.7,54 Additionally, fatal cases of West Nile encephalitis,58

generalized varicella zoster,59 and Kaposi sarcoma60 have been

associated with FAEs.61 In our total cohort, we did not observe

any severe or opportunistic infections leading to treatment dis-

continuation. Eosinophilia is frequently observed within the first

3 months of FAE therapy62,63 and usually decreases to standard

values with continued treatment,64 only rarely necessitating

treatment discontinuation.7 Other frequent AEs among the three

drug cohorts were hepatobiliary disorders (Table 5). A clinically

relevant increase in liver enzymes was observed in up to 5% of

patients (Table 6); increases were reversible after FAE dose

reduction or treatment discontinuation. Mild-to-moderate ele-

vations in liver enzymes (below twice the upper limit of normal)

were reported in up to 40% of psoriasis patients taking FAEs but

rarely necessitated discontinuation of therapy.18,22,50,64 To date,

no animal or human data have indicated any risk of permanent

liver damage with FAE use. Although between 10% and 20% of

patients in the three treatment groups showed increased serum

creatinine levels and/or proteinuria (Table 6), only a few spo-

radic cases of disturbed renal function were documented as AEs

in the ‘FAE monotherapy’ and ‘FAEs + phototherapy’ groups

(Table 5). This result confirms again that treatment-related

renal disorders are reversible upon FAE dose reduction or treat-

ment discontinuation.51,65 According to our long-term experi-

ence, increased serum creatinine levels and proteinuria very

rarely lead to treatment discontinuation after FAE dose reduc-

tion. Other recorded AEs were comparatively rare or sporadic

and were also reversible (Table 5). Given the above findings and

the EMA’s updated recommendations regarding lymphopenia

during FAE therapy,66 patients receiving FAE therapy require

regular and continuous clinical assessment and monitoring of all

safety-relevant laboratory parameters.54 Although we are cur-

rently adhering to the aforementioned EMA guidelines, which

are based so far only on case-report-level evidence,49 we agree

that their rigorous implementation should now be discussed on

the basis of broader evidence.49,54,55

Our results support the reported safety profile of FAEs.

In their systematic review, Balak et al.46 identified 37 obser-

vational studies between 1987 and 2015 with a total of 3457

patients. Eighteen studies analysed long-term FAE treatment

over a period of up to 14 years.18 No treatment-related

deaths or SAEs were reported. The most frequently reported

AEs were gastrointestinal symptoms and flushing of the skin.

Frequently reported laboratory abnormalities included lym-

phopenia, elevated liver enzymes and eosinophilia. Overall,

45% to 87% of patients experienced an AE. The proportion

of patients discontinuing FAE treatment because of AEs ran-

ged from 6% to 47%. The most frequent causes of early

treatment discontinuation were intolerable gastrointestinal

symptoms and, far less frequently, severe flushing symptoms.

Only a few reported treatment discontinuations resulted

from laboratory abnormalities.

The general goal of combining FAEs with phototherapy was

to induce a faster and improved therapeutic response to

FAEs.20,67 In a first prospective non-interventional multicentre

Figure 3 Cumulative improvement in absolute PASI response
(events: aPASI ≤ 10, aPASI ≤ 5 and aPASI ≤ 2) by treatment
group: (a) FAE monotherapy, (b) FAEs + phototherapy and (c)
FAEs + MTX. Kaplan–Meier failure curves with the number of
patients ‘at risk’ (on therapy) in each group and 95% Hall–Wellner
bands.
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study (‘FAST’ study), Weisenseel et al.21 investigated the combi-

nation of FAEs with various phototherapies in 363 patients over

a shorter observation period of 12 months. Tolerability and

safety of this combination were good. Only 7% of patients expe-

rienced AEs, all of which were within the spectrum of known

FAE-related adverse reactions. However, the final statement of

the authors that a phototherapy duration >3 months may not be

advisable, not least because of its oncogenic potential,21 is not

supported by our long-term safety data. Without doubt, uncon-

trolled long-term use of phototherapy may result in UV damage

and premature ageing of the skin.67 UV exposure increases the

risk of non-melanoma skin cancer, hence careful clinical moni-

toring of patients under phototherapy must be ensured. How-

ever, none of the patients in our ‘FAEs + phototherapy’

subcohort experienced these serious side-effects, even in one case

where continuous twice-weekly phototherapy lasted for

16 years.

With an observed drug interaction rate of <5%,30 FAEs

appear not only suitable for comorbid patients with psoriasis

but also usable in combination with other systemic antipsoriatic

agents. Off-label combination of FAEs and MTX has a reason-

ably long tradition, not just in our dermatology clinic.22–24

Additional administration of MTX seems especially justified if

FAE monotherapy lacks efficacy, or in cases with new onset of

psoriatic arthritis during FAE monotherapy.23 In psoriatic

arthritis, MTX remains the first drug of choice.28 In their meta-

analysis of RCTs involving adult patients with moderate-to-

severe plaque psoriasis, Schmitt et al.68 found that FAEs were

equally as efficacious as MTX, with similar rates of AEs and

treatment discontinuations. It is therefore reasonable to assume

that there might be an additive antipsoriatic effect of adding

MTX, without any new or additional safety concerns.28 Tran-

sient and reversible hepatotoxicity was the most common limit-

ing factor during combination therapy.7

Effectiveness aspects
The percentage of psoriasis patients assessed with the sPGA

who improved considerably (≥2-point reduction in baseline

PGA score or assessment as ‘light’) was 50% after 1 year in

all treatment groups (Fig. 1a–c). A previously published ret-

rospective study (‘FUTURE’ study)5 of 984 psoriasis patients

with a mean duration of 44 months of continuous FAE

monotherapy reported greater improvement, as assessed with

the dynamic PGA: 67% of patients were documented as

improved or clear after 0.5 years, 78% after 2 years and 82%

after 3 years of FAE therapy. However, the following parame-

ters differed, preventing direct comparison: (i) different PGA

scores were used and (ii) patients who stopped FAE

monotherapy within the first 2 years because of lack of effi-

cacy or insufficient tolerability were not recorded in the

FUTURE study.69 In our study, all patients were included in

data analysis, irrespective of treatment discontinuation.

Fifty per cent of psoriasis patients with available PASI values

in the FAE monotherapy group achieved PASI 75 at 3 years;

50% response was seen at 6.7 years in the ‘FAEs + phototherapy’

group and at 8.1 years in the ‘FAEs + MTX’ group (Fig. 2a–c).
Prima facie, the present study revealed no additional value of

combining FAEs with phototherapy or MTX. However, the sta-

tistically significant differences among the three treatment

groups must be considered in the context of differences in treat-

ment group composition: more severe psoriasis cases with a

therapy-refractory course and more patients with comorbidities

were included in the groups receiving combination therapy

(Tables 2 and 3),70 mainly because of the non-randomized study

design.

Regarding the predefined coprimary effectiveness outcomes,

the PGA scale used, which summarized ‘clear’, ‘almost clear’ and

‘mild’ under the single category of ‘light’, may have been too

broad, and sPGA values may have overestimated clinical

improvement. However, PASI tends to underestimate clinical

improvement.71

Even given that FAEs typically have a long onset until full

clinical efficacy and that clinical improvement continues during

prolonged treatment without any signs of tachyphylaxis,17,63,67,72

our FAE effectiveness results fall considerably short of expecta-

tions. We feel that our results once again highlight the gap

between the efficacy found in RCTs that include only selected

psoriasis patient cohorts and the real-life setting of patients with

moderate-to-severe psoriasis as documented in this observa-

tional study.73 Balak et al.46 found that mean reductions in PASI

in observational studies ranged from 13% to 86% after 0.3 years

of FAE treatment. Reported PASI-75 responses ranged from 8%

to 33%.

In the FAST study,21 FAEs in combination with phototherapy

showed a substantially better efficacy than FAE monotherapy in

the first 3 months of therapy only. Beyond this period (i.e. until

the maximum observation period of 12 months), the difference

in efficacy between the treatment groups disappeared. Neither

the duration nor the type of phototherapy had an impact on effi-

cacy. A comparable trend was observed in an unpublished pilot

study with 15 patients.16

Effectiveness outcomes cannot be determined from the small

number of currently reported psoriasis patients treated with

FAEs in combination with MTX.22–24

Limitations
We acknowledge several potential limitations of this observa-

tional study. First, the study’s retrospective design may have

resulted in recall bias.65,69 Incomplete data recording in the hos-

pital digital database and patients lost to follow-up resulted in

missing data, particularly on continuation of FAE therapy regi-

mens. Second, the inherent limitation of non-randomization of

concomitant phototherapy or MTX may have introduced selec-

tion bias.44,74,75 Although the demographic and general
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characteristics of the treatment groups were similar at baseline,

the disease characteristics differed considerably among groups.

Third, the absence of a control group is a limiting factor.65

Hence, the statements and comparisons made with respect to

the data and subcohorts are purely descriptive. Clear evidence

on the clinical value of administering FAEs in combination with

phototherapy or MTX versus monotherapy, as well as on the

optimal duration of these combination therapies, will require

multicentre RCTs.21,23,76 Finally, the monocentric study setting

may essentially limit the transferability of our findings.6 Due to

our long-term experiences with FAEs in the treatment of psoria-

sis,77,78 unique local standards of practice have emerged: for

instance, continuous phototherapy is not a common practice

elsewhere,67 and the classic systemic antipsoriatic agent MTX is

usually used as monotherapy.9

Conclusion
Although potentially influenced by many patient- and physi-

cian-related factors, observational studies remain a valuable

source of information regarding the long-term safety and effec-

tiveness of antipsoriatic therapy regimens.6 Our data indicate for

the first time that the long-term safety profile of FAE monother-

apy as well as combination therapies with phototherapy or MTX

can be judged as favourable, even in psoriasis patients with vari-

ous comorbidities.30 Assuming compliance with safety labora-

tory values in all respects, there is currently no evidence

supporting an increased risk of infection, malignancy or other

SAEs in psoriasis patients treated with one of these FAE therapy

regimens.18,46,79,80 However, it is worth noting that for all three

treatment options, achieving a satisfactory and sustained clinical

response requires a long treatment duration.14

Despite the introduction of novel fast-acting and highly effica-

cious biologics,81,82 it is our opinion that the use of FAEs in the

first-line therapy of psoriasis remains fully justified, given (i) the

possibility of timely and individualized dosage adjustments,83

(ii) a very low drug–drug interaction potential23,24,30 and (iii) a

reasonable cost-benefit-risk ratio over long-term treatment,5,30

especially for patients moderately affected with psoriasis.

Finally, the findings presented here may offer insights for der-

matologists and other physicians prescribing the new DMF

monosubstance for moderate-to-severe psoriasis that was

launched on 1 October 2017 in Germany and in the following

months throughout Europe under the trade name Skilarence�.84

Of note, the clinical efficacy of the DMF monosubstance was not

greater than that of Fumaderm� in the placebo-controlled

‘BRIDGE’ registration trial.45 The prevalence of AEs in the DMF

monosubstance group also appeared to be similar to that in the

group receiving the marketed FAE mixture.
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