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Fumaric Acid Therapy in Psoriasis: A Double-Blind 
Comparison between Fumaric Acid Compound Therapy and 
Monotherapy with Dimethylfumaric Acid Esterl 

C. Nieboera, D. de HOOpb, P. N.J. LangendijkC
, A. C. van Loenen", 1. Gubbelsd 

"Depa rtme nt of De rmatology, Free University Hospital , Amsterdam; bGelderse Va llei Hospital , Ede-Bennekom; ' Department of 
Pharmacy , Free Unive rsity Hospital, Amsterdam, and "Organization for Research and Management , G rave , The Netherlands 
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Abstract. In a 4-month double-blind study the effects of dimethylfumaric acid esters (DMFAE-EC) and DMFAE 
plus sa lts of monoethylfumaric acid esters (fumaric acid combination, FAC-EC) in enteric-coated tablets were com
pared in 22 respectively 23 patients with psoriasis. In both groups about 50% showed a considerable improvement , i.e . 
the initial score was more than halved. The therapeutic effects showed no significant differences in both groups with 
respect to the total psoriasis score or the different parameters. In the FAC-EC group the effects were obtained more 
rapid ly. Most frequently observed side effects in both groups were flushings, stomachache and diarrhea . Due to these 
complai nts 3 respectively 8 patie nts discontinued therapy. Eosinophilia , leukopenia and lymphopenia were the most 
freq uently observed differe nces in lab tests. It was concluded that FAC-EC had no significantly better effect than 
monotherapy with OMFAE-EC. Moreover, enteric coating of the tablets did not prevent stomach complaints. Until 
more information has been obtained about the pharmacokinetics, the toxicity and optimal composition of the drug , the 
fumaric acid therapy in psoriasis should be seen as experimental. 

The fumaric acid (FA) the rapy is a new systemic medi 
cation with FA derivatives that has gained an increasing 
popularity among psoriasis patients in several countries in 
western E urope . 

Several double-blind studies have indeed shown that 
dimethylfumaric acid ester (OMFAE) and salts from 
monoethylfumaric acid (MEFAE) combined with 
DMFAE [2] have a positive therapeutic effect on pso
riasis [t , 2]. The same studies showed that OMFAE was 
clearly more effective than the Na salt of MEFAE, which 
only produced some effect when given in higher dosages 
[1]. 

The mechanism of the effects of these substances is 
unknown . The view, originally held by Schweckendiek 
[3], was that these substances influenced the citric acid 

Supported by a grant from the Stichting GelOndheidslOrg-onder

lOek Ijsselmond , Zwolle, The Nethe rl ands. 

cycle . This could not be confirmed by us in a number of 
unpublished experiments with both isolated mitochondria 
and hepatocytes . It is a known fact, however, that 
MEFAE and OMFAE [unpubl. observation] inhibit the 
mitosis of PHA-stimulated lymphocytes [4] and epithelia l 
cell lines [5] . Little is known about the pharmacokinetics 
of the FA derivatives. 

Both DMFAE and MEFAE salts form the active 
ingredients of enteric coated (EC) tablets that are usually 
prescribed in FA therapy . This combination seemed to be 
based on historical factors rather than a rational ther
apeutic approach. The question arose whether this com
bination was not too complicated and monotherapy was 
just as effective. T he aim of our study was therefore to 
assess the therapeutic efficiency of DMFAE monother
apy compared to that of DMFAE combined with 
MEFAE salts using the same DMFAE dosage and dosage 
form (EC tablets) . 
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Table I. Comparativcs rudyon thceffectsofDMFAE-EC(n = 22) 

and FAC-EC (n = 23) on 45 psoriasis patie nts 

Medication n 

DMFA E-EC 22 
FAC-EC 23 

Improveme nt 

< 25% 25-50% > 50% 

5(22) 3 ( 14) 

1 (4) 2 (9) 
10 (45) 

12 (52) 

Figures in pa renthescs a rc perccnt ages . 

Do 'agc DMFAE-EC: 120-480 mg/day. 

Dosagc FAC-EC: 1-4tablc ts/day . 

A ll discontinued beca usc o f side e ffec ts. 

Deter

io rat ion 

o 
o 

Discon tinucd beca usc of side effects, I for othe r reasons . 

Material and Methods 

Medicotiol/ 

Discon

t inuat ion 

4( 18)1 

8 (35)" 

T he two diffe re nt drugs for thi s study wc rc supplied in EC tab lc ts 

which we re i ndis tinguishab lc in s izc , fo rm and color . The mo nothe rapy 

tah le ts (DMFAE-EC) conta ined DMFA E , 120 mg pc r tab lc t. T he 

com hi na ti on the rapy tab le ts (FAC-EC) conta incd an equivalent 

amo unt o f 120 mg DMFA and an additi onal amo unt of 5 mg magnc

sium-MEFA,3 mg zinc-MErA and 87 mg calcium-M EFA. The la tt l! r 

combina tio n is used mos t frcque nt ly in FA thc rapy. Thc two batchcs uf 

DMrA E-EC and FAC-EC wcrc produccd by the Kc the l Pharmacy , 
Schicdam , The Nethe rlands. Q ua lit y control o n bo th batchcs was donL! 

at the pharm acy labo rato ry, Free Uni vcrs ity, A mstc rda m , The Ne thc r
lands. T hc quality control consistcd o f idcntification (on DMFAE fo r 

DMFA-EC and DMFA E , MEFAE , magnesi um , zinc a nd calciu m for 

FAC-EC) . qualltitatio n o f co llte nts (hetween 95 and 105% o f the 

declared amount) by high-pe rforma nce liquid chroma togra )h 
(DMFA E conte nt for DMFAE-EC a nd DMFAE - ,lI1d total MEFIA~ 
conte nt for FA C-EC) and contro l o n e nte ric coating acco rding to the 

US P XX I 101. Both ba tchcs passL!d thc tes ts in the quality cont ro l. 

PI/tiel/ts 
Beforc e llte ring the s tudy patie nts we re in formed ve rball y and gavc 

tlu; ir conscnt. Random ization into two gro ups was made bctwccn 45 

patic nts , 25 fe malc , 20 ma lc, aged hctwecn 18 and 70 years: 22 were 

t rcatcd with DMFAE-EC , 23 with rAC-Ec. At the c nd ofthcstudy:l:l 

pa ti c ntscould becva luatcd , 18 had bccn trcated with DMFA E-EC a nd 

15 with FAC-EC. At Icas t 10'1.. of the body surface was affected. A t the 

beginning o f the stud y 22 o f th cSL! 33 pati e nts showcd the plaqu l! type, 

10 the macu lar typc and I thc guttat e type o f psoriasis . II patie nts had 

joint complaints , 6 in thc DMFA E-E gro up and :) in thc FA C-EC 

gJ"LlUp. Th l! stud y was pc rfo rmcd undc r a protocol app roved by the hos
pita l's E th ical Committcl!. 

Dosl/ge 
T he starting dosage was I tabl e t a day . Thi s was increased wec kl y 

up to a max imum of 4 tablets a day ha nded out in 2 ad ministra tions. 6 

patic nts o fth e DMFAE-ECgroup and4 pati e nts o fth e FA C-EC gro up 

did not tolerate thi s dosagc . T hey we re trea ted with I tablc t twice a day. 

Nie boL! r/dc Hoop/Langcndijk/v<l n LOL! nc n/Gubbe ls 

Eva/uat ioll 
A sim plifi ed 'psori asis a re a a nd seve rit y score' was applicd , in 

which 5 para me te rs wc re eva luatL!d : Extent: 0 = c ntirdy cl ea n, 

1=< 10% hody surface affectc d. 2 = 10- 25%. :l=25-35°!t" ../ = 35-

SO% , 5 => 50% body surfacc affeClL!d : sca ling : O= no ne , l = sli ght , 

2 = mode rate, 3 = scvere, spontaneous; thi ck ness o f pa tehes: 0 = 110 

infiltrati o n, I = sli ght infil tration , 2 = appa rc nt infi ltra ti o n , nol ra iscd, 

3 = ra iscd; rcdness: O= no ne , I = pin k . 2 = brig ht rcd , 3 = fic ry red or 

red-purple ; itching: 0 = nonc , I = slight . 2 = mo dc ratc , 3 = st ro ng. The 

max illlumtotal score was 17 . thL! minimum O. ThL! paticnts werc exam

ined cvery 4 wecks a nd thc psoriasis sco re as wc ll as the s idc c ffects 

WL!rc rcgistl!red . 
Apa rt from thi s scm L! a gcnL! ral eva luation was g ive n at till! c nd of 

thc cxaminat io n by thc invest iga tor and the pa ti e nt (dc te rioratcd , no 

cha nge , slight improvc me nt . s trong improvc mL! nt , full c lea ra ncL!). The 

effcct o n join t complailll s was judged o n thL! basis o f thc impress io ns of 

th L! pati e nts: de te rio ra ted , uncha nged , improved , considc rably 

im proved. 
Dur ing cach visit thc fo llowing lahoratory tes ts werc carried out: 

blood : pe riphe ra l Ic ukocytcs plus diffc rc ntia l count : serulll : BU N, 

alka li ne phosphmasc , LD H , ALAT, ASAT, y-GT: urinc: prote in and 

scdimc nt. 
T hc study was ca rri ed o ut in the mo nths fro lll Ocrobcr to A pril , rhe 

duration of thc stud y was 4 mo nths pc r pati e nt. Statisti ca l analysis was 

ca rri L!d o ut using Fische r's exact tes t a nd thc X1 test. 

Results and Side Effects 

T he individual results a re shown in table 1. Compared 
to the initia l population score, a conside rable improve
ment (i. e . score more tha n halved) was observed in 45 % 
of the pat ie nts treated with DM FAE-EC and in 52% of 
the trea ted with FAC-EC. This improvement was stat is

ti ca ll y significant. 
I n both groups 4 patie nts ( 18 and 15%) showed a full 

clea rance . Considerable improveme nt occurred in 15 o ut 
01'22 (68%) patients with the plaque type and in 40ut of 10 
(40%) of those with the macul ar type. The patient with 
the guttate type showed a full clea rance afte r a treatme nt 
of 2 months with FAC-EC, but had a n ex tensive re lapse 1 
mo nth late r even though the therapy had been continued. 
For 5 patients (22% ) in the DMFA E-EC group and 1 
patient (4% ) in the FAC-EC group the psoriasis did not 
show any reaction to the therapy. T he observed differ
ences between the two gro ups appeared to be not signifi
ca nt. Deterioration , that is an increase of the score up to 
more than 125% , was no t obse rved in e ithe r of the 
groups. 

T he course of the score in both groups with rega rd to 
the total ave rage score and the separate paramete rs is 
shown in fi gure l a, b. It covers the observat io ns of those 
pat ients who could be evaluated afte r 4 months: 18 in the 
DMFAE-EC group and 15 in the FAC-EC group . The 
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Fumaric Acid Therapy in Psorias is 

Fig. 1. Course of the total psoriasis score andofthe5 parameters in 
patients treated with DMFAE- EC (n = 18) or FAC-EC (n = 15) during 
4 months. a Tota l psoriasis severity score. b Perce nt decrease of the 5 
parameters of the severity score. 
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4--,---,--,--,- h 
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tota l average score in the DMFAE-EC group dropped 
from 9.7 to 4.1 and in the FAC-EC group from 10.5 to 4.1. 
The course of this score in both treatment groups was not 
significantly different at any time point (I-V). Subse
quently the separate parameters too did not show a sig
nificant difference in time course. The results after 4 
months were not statistica lly different. 

The jo int complaints of the 6 patients in the DMFAE
EC group showed considerable improvement for 2 
patients, and some for 1, and deteriorated or remained 
unchanged for the other 3. In the 5 patients in the FAC
EC group a considerable improvement occurred in 2 cases 
and a slight improvement in 3 cases. 

The general evaluation of the therapy by the patients 
usually corresponded with that of the investigators. 

T he subjective and objective side effects are shown in 
tab le 2. The flushings started 3-4 h after the tablets were 
taken. They involved a feeling of tingling heat, accompa
nied by diffuse redness, which continued for about half an 

hour mainly localized in the face, anns and the upper part 
of the body . This symptom was not constantly present and 
in the course of the treatment its frequency decreased. 
One patient was troubled by this symptom to such an 
extent that he discontinued the treatment . The gastroin
testinal complaints, on the other hand , presented a real 
problem. More than half the patients were troubled by 
serious stomach complaints, involving gastralgia, but also 
nausea, vomiting and diarrhea. For 14% (n =3) of the 
patients in the DMFAE-ECgroup and 30% (n = 7) in the 
FAC-EC group these complaints were a reason to discon
tinue the therapy. Another patient had to discontinue the 
DMFA E-EC therapy because his tablets had been stolen. 

The abnormalities which were registered in the blood 
most generally were: leukopenia «3.0 X 109/1) , lympho
penia « 15%) and eosinophilia (> 5%) . The former two 
developed in the course of the 3rd and 4th months. The 
eosinophilia usually began in the first 2 months and disap
peared spontaneously in most of the cases. 
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TlIble 2. Side e ffects during treatme nt of psori asis with DMFAE 

(n = 22) o r FAC -EC (n = 23) over a pe riod of 4 months 

Symptoms 

Flushing 

Diarrhea 
Nausea/stomache 

General malaise 

Dizziness 

Headache 

Laboratory 

Urine 
Albuminuria 

Blooel 
Le ukope ni a 

Lymphopenia 

Eos ino philia 

I ncrease o f 

C reatinine/urea 

Alkaline phosphatase 

ASAT/ALAT 

DMFAE-EC 

(n =22) 

n % 

o 

3 

3 

8 

o 
1 
o 

86 
55 
50 
9 
5 

5 

o 

14 

12 
35 

o 
5 

o 

FAC-EC 

(n = 23) 

n % 

20 1 87 

143 6 l 

l43 6 l 

1 4 

0 0 
4 

2 9 

3 13 

2 8 

3 13 

0 0 

0 0 

4 

I Patient discontinued the treatment as a result o f thi s symptom . 

3 Patients discontinued the trea tment as a result of these symptoms . 
7 Patie nts d iscontinued the treatme nt as a result of these symptoms . 

DisclIssion 

In this study the treatment of psoriasis with FA esters 
led to evident improvement in about 50% in the patients . 
This percentage was even higher when one did not consid
e r the initial study population, but only those patients who 
could be evaluated after 4 months. In that calculation the 
improvement percentage (i. e. a psoriasis severity score 
morc than halved) was 55% in the DMFAE-EC group 
and 80% in the FAC-EC group . The course of the total 
score and of the separate parameters during the 4 months 
of the study showed a tendency towards a more rapid 
result with FAC-EC than with DMFAE-EC monother
apy. Howeve r, this diffcrence was not significant and the 
final score in both groups was the same . 

Of the side effects the frequently occurring gastroin
testinal symptoms should be mentioned first. Fairly often 
the diarrhea , freque ntly accompanied by stomachaches, 
formed the main reason to discontinue the therapy . In a 
numbe r of cases these side effects disappeared sponta-

Nie boe r/de Hoop/Lange ndij k/van Loe nen/G ubbels 

neously in due course, for other patie nts loperamide 
resolved this complaint. Some patients had predom
inantly serious gastric complai nts, despite the use of Ee 
tablets. In a numbcr of cases Antagel (Solutio Antacida , 
Dutch Pharmacist Formulary) could prevent stomach 
complaints. Another way to prevent these complaints is 
lowering of the starting dosage to 30 or 60 mg D MFA with 
subsequent weekly increases. The gastric complaints 
must be taken seriously as we observed aggravation of 
ulcera ventricu li and even once a perforation of the stom
ach during treatment with noncoated capsules with 

DMFA E. 
The experience of the f1ushings was less serious , flush

ing did not occur each time the drug was take n and it often 
decreased in the course of the study. General malaise 
(without complaints of the digestive tract) was experi
enced by several patients, but was take n for granted 

because of the positive the rape utic results . . 
The most striking differences in lab tests were thos.e 111 

the blood count: leukopenia , lymphopenia and eoslOO
-

philia . The latter mainly occurred in the first 2 months and 
usually disappeared spontaneously . [t did not inv~lve 
allergic symptoms, neithe r of the skin nor of the respIra
tory tract. The leukope nia was in most cases the result of a 
considerable decrease of the lymphocytes . It is a well 
known fact that MEF AE inhibits the prolife ration of 
PHA-stimulated lymphocytes among other things . We 
noticed that DMF AE had the same effect. It was remark
able that the lymphopenia in this study occurred far less 
frequently than in an earlie r study , in which more tha~) 
50% of the patients showed this phenome non [1]. In thiS 
ea rlier study , instead of the EC tablets, capsules fill ed 
with a coated granulate were used , which already re leased 
DMFAE in the stomach. It was demonstrated there that 
the lymphopenia was caused by a selective decrease of T 
suppressor (Ts) lymphocytes and , less explicitly , of the I~ 
lymphocytes, whereas the number of T he lper ce s 
remained constant. An explanation for these phe nomena 
could be that the Ts and B lymphocytes are a popl~l~t~on 
of cells with a rapid proliferation of which the cell diVISion 
is inhibited by relatively high serum levels of DMF~E 
after prompt resorption due to prepyloric re lease . So far 
the lymphopenia has disappeared in all patients in the 
course of 2-4 months after discontinuation of the the rapy . 

In 2 patients of the FAC-EC group, albuminuria 
occurred which was not accompanied by a rise of the 
serum creatinine and urea. One should , however , not rule 
out the possibility of serious nephrotoxicity. Acute tubu
lus necrosis has been reported in 4 patients and could very 

probably be ascribed to FA therapy [7J . 
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