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CHAPTER 1 

General introduction 



1.1 Aetiology, pathogenesis and clinical presentation of psoriasis 

Psoriasis is a chronic skin disease with a profound socio-economic impact. The disease 

has a prevalence of about 2%.' In different races the prevalence varies suggesting an 

important role for hereditary factors.'2 In predisposed persons various factors can trigger 

the onset or exacerbation of psoriasis. Several drugs like betablockers, lithium, anti

malarial drugs, nonsteroidal anti-inflammatory agents, systemic corticosteroids, and 

tetracyclines may induce or aggravate psoriasis.3 Recently, calcium channel blockers have 

been added to this list of drugs.4 Other risk factors are cigarette smoking and alcohol 

abuse.56 Focal infection, especially streptococcal infection, may induce psoriasis.7 During 

puberty, menopause and pregnancy endocrine changes may influence the course of the 

disease.8,9 Psoriatic lesions may occur for example at the site of trauma, excoriations, 

dermatitis and sunburn. This is designated as the "Koebner phenomenon".'0 A sunny 

climate generally improves psoriasis." Psychological stress is a well-known trigger for 

psoriasis.'2 On the other hand the disease causes considerable psychological problems. 

The disease adversely affects holidays and sport activities in particular. A survey of 

patients with plaque psoriasis revealed that 32.3% of the patients noted a negative effect 

on holidays, 23% on sport, 16.9% on work, 13.7% on friendship, 13.1% on home life and 9.3% 

Figure 1.1 Figure 1.2 

Sharply demarcated erythematosquamous Symmetrical distribution on predilection 
plaques sites 
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Figure 1.3 

Psoriasis capitis 

of the patients on their sex lifes.'3 In another survey a large percentage of patients 

avoided common social activities, for example swimming and sports. 50% Of them felt 

that psoriasis inhibited their sexual relationships and 11% of the patients said they would 

avoid having children, as they feared that their offspring might develop the condition.'4 

In more than 90% of patients with psoriasis the disease is expressed as chronic plaque 

type or psoriasis vulgaris showing sharply demarcated erythematosquamous plaques 

(figure 1.1), varying from coin-sized (nummular psoriasis) to palm-sized or larger. The 

plaques are usually distributed symmetrically on predilection sites like the elbows, the 

sacral region, the knees, the lower extremities (figure 1.2) and the scalp (psoriasis capitis, 

figure 1.3). Erythematous plaques in the flexural regions are known as psoriasis inversa. 

In some cases a clear peripheral zone, the haloof Woronoff, can be noted.'5'6 In one study 

the topographical variations of psoriasis vulgaris included the scalp in 79.7%, elbows in 

77.8%, legs 73.7%, knees 56.6%, arms 54.2%, trunk 52.6%, lower part of the body 46.8%, 

lower back 38%, the face 2.4%, the palms and soles in 12.9% and psoriasis of the nails 

(psoriasis unguium, figure 1.4) in 7% of the patients. 29% Of the patients had an 

involvement of less than two palm-sized lesions, whereas 71% of the patients had a more 

extensive involvement.'7 In another study the limbs and scalp were the most commonly 

affected sites in respectively 34.9 and 32.3% of the patients.The flexures were involved in 

11.5%.'3 Psoriasis guttata, another manifestation of psoriasis is characterized by 
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Figure 1.4 

Psoriasis unguium 

erythematosquamous droplet-like papules scattered over the body, while they hardly 

show scaling (figure 1.5). This form is especially common in children, in many cases the 

eruption is preceded by a focal, most commonly upper respiratory tract infection.'8 

Erythrodermic psoriasis is characterised by generalised erythema. Sometimes scaling can 

be seen. Especially the instable manifestation of erythroderma Isa severe condition, with 

risk of hypothermia, dehydration and protein loss. The pustular manifestation of 

psoriasis is less common. This form can be generalised or localised (figure 1.6).'9'20 

Psoriatic arthritis occurs in 5 - 30% of the patients with skin involvement.2' In psoriatic 

arthritis erosive joint changes are present whilst rheuma serology is negative. 

Twin, family and population genetic analyses support a polygenic mode of inheritance 

with up to six major genes and several modifying factors.222' Histocompatibility antigens 

(HLA) are surface antigens of human cells. The corresponding chromosomal region is 

called the major histocompatibility complex (MHC) and is situated on the short arm of 

chromosome 6. Several HLA haplotypes have been shown to imply increased risk of 

developing psoriasis. In addition, family history of one or more affected relatives 

increases the lifetime risk of developing psoriasis.24 While a genetic contribution to the 

age of onset (type I psoriasis with early onset, type II psoriasis with late onset) is well 

established', the genes responsible, for example, for an early onset may not be the same 
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as those that underlie the disease.25 Linkage analysis studies support the hypothesis that 

psoriasis is a polygenic disease.26 Although there has to be a genetic predisposition as 

mentioned above, triggering factors are relevant to the age of onset and the course of 

the disease. 

The histological appearance of a fully developed guttäte lesion or of the margin zone of 

actively spreading psoriatic plaques is diagnostic for psoriasis while the histo-

pathological picture of the central area of a psoriatic plaque may be aspecific (figure 1.7). 

In the upper dermis capillary dilatation and oedema can be observed. The capillaries are 

increased in number and they have a tortuous appearance. Marked oedema is seen 

especially at the tips of the papillae. A mixed perivascular infiltrate can be distinguished 

and lymphocytes and neutrophils migrate into the acanthoticepidermis.27 According to a 

focal distribution pattern, hot spots can be identified where the granular layer is absent 

and the stratum corneum still contains their flattened cell nuclei (parakeratosis).28 

Co-occurrence of areas of orthohyperkeratosis and areasof parakeratosis, and the supra-

papillary thinning of the epidermis with hyperplasia of the rete ridges are diagnostic for 

psoriasis.28 Two features are pathognomonic for psoriasis; spongiform pustules of Kogoj 

(accumulations of neutrophils just beneath the stratum corneum) and Munro micro

abscesses (accumulation of neutrophils within the parakeratotic stratum corneum). 

Figure 1.5 Figure 1.6 

Psoriasis guttata, erythematosquamous Pustular manifestation of psoriasis of the 
dropiet-Iike papules palm 
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Figure 1.7 

Histology, the epidermal and dermal changes in psoriasis vulgaris 

1.2 General therapeutic aspects of psoriasis 

There is no definite cure for psoriasis and unfortunately there is a large interindividual 

variation in treatment response. Psychological support to the patients and explanation of 

the non-contagious and benign nature of the disease are very important.29 In a survey 

amongst patients with psoriasis, 40% felt frustrated with the ineffectiveness of their 

current treatment.'0 A broad spectrum of treatments is required in order to optimalise 

the treatment to the individual severity of the disease and the individual needs of the 

patient.'' , ! Treatment management should be individualised. Depending upon age, sex, 

personality, occupation, general health, psychological health, intelligence, severity, type 

and localisation of psoriasis and previous treatment results, one may select a certain 

treatment or a combination of treatments. Patients often regard it of importance to have 

a vote in the selection of the therapy. In general they regard safety as more important 

than fast clearing.33 

It is difficult to compare studies with regard to efficacy of treatments. Efficacy measures 

and definitions of those measures vary and are even often lacking. There is no proper 

classification of psoriasis severity, making severity measures difficult to compare. In 

various clinical studies relapse rates are often not mentioned at all. However,this is a very 

important efficacy measure, as the long-term management is crucial in a chronic disease 
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such as psoriasis. Classification of psoriasis severity is complex. In some studies the 

percentage of body surface involvement or the Psoriasis, Area and Severity Index (PASI) 

are used as a severity measure. Patients perceive itch, scaling and visibility as most 

relevant in estimating severity of their psoriasis." Some patients can be managed easily 

by a topical treatment and other patients require major treatments such as photo

therapy or systemic treatments. Indeed, previous treatment results may also be 

important severity indices. 

1.2.1 Topical therapy 

In a survey patients were asked about the most important properties of an ideal topical 

treatment. Patients considered efficacy (88%), ease of use (69%), staining of skin/clothes 

(67%), side effects (63%), smell (51%) and greasiness (50%) most important.'3 In most 

patients topical treatment may be sufficiently effective. The most frequently used 

therapies for psoriasis will be briefly summarised. 

Emollients 

Emollients, especially greasy emollients are preferable to soften the scaly hyperkeratotic 

surface of psoriatic plaques.'4 

Keratolytics 

Pretreatment with keratolytics is important to enhance the penetration of other topical 

therapies. Ointments containing salicylic acid 10% are effective keratolytics. However, if 

used on large body areas the frequency of application should be restricted to once daily 

as excessive applications carry the risk of salicylic acid intoxication.'5 

Vitamin Dj analogues 

Since the early nineties vitamin D3 analogues are available as a topical treatment for 

psoriasis. At present calcipotriol and calcitriol are the vitamin D3 analogues that are 

available for general use m The Netherlands. In mild to moderate severe psoriasis treat

ment with topical vitamin D3 analogues are a first choice. Calcipotriol as well as calcitriol 

applied twice daily have an antipsonatic potential, without a significant interference 

with the systemic calcium metabolism at therapeutic dosages.36 It has been shown that 

both compounds have an influence on hyperproliferation, inf lammation and 

differentiation. Local irritation of the skin may be observed in a small number of the 

patients. In most patients this side effect disappears after continuation of the therapy.37 

The irritation following the application of a vitamin D3 analogue is less if used in 

combination with topical corticosteroids.'"Tacalcitol 4 pg/g ointment is an effective and 

useful once daily treatment and has been approved in several other European countries.39 
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Figure 1.8 
Corticosteroids 

Topical corticosteroids are a mainstay in 

the treatment of psoriasis. In the treat

ment of plaque psoriasis, the combination 

of a topical vitamin D3 analogue and a 

topical corticosteroid is widely used. One 

approach is to treat twice daily during the 

weekend w i t h a super potent topical 

corticosteroid and during the week twice 

daily with a topical vitamin D3 analogue. 

The mode of action of topical cortico

steroids involves suppression of the 

synthesis of inf lammatory mediators, 

inhibition of Τ lymphocytes and 

neutrophils and a direct inhibition of 

epidermal proliferation.4" Super potent 

topical corticosteroids applied twice daily 

may achieve clearance of the lesion _ , . . . . . 

•' Dermal atrophy, striae distensae 

within 2-3 weeks. Because of the irritative 

potential of other topical treatments, medium strength topical corticosteroids are first 

choice in the treatment of psoriasis inversa and psoriasis of the face. Epidermal atrophy 

may occur, which is, at first, reversible. Other cutaneous side effects are hypertrichosis, 

dermatitis perioralis and steroid rosacea. Seldomly, ocular side effects such as cataracts 

and glaucoma may occur. Allergic contact dermatitis has been reported. Dermal atrophy 

with development of striae (figure 1.8) occurs after using (super) potent topical cortico

steroids daily during prolonged periods of time. Absorption of (super) potent topical 

corticosteroids may suppress the pituitary-adrenal axis. Because of this risk no more than 

50g per week of a formulation of a super potent corticosteroid and no more than 100g 

per week of a formulation of a potent corticosteroid should be applied. Because of 

tachyphylaxis and local side effects, intermittent therapy schedules are advised for more 

prolonged treatments. 4°•4' 

Phototherapy 

In the past years the superiority of the narrow band UVB phototherapy (3η nm) above 

broad band UVB phototherapy (290-320 nm) has been demonstrated.4i'4îThe use of UVB 

phototherapy is limited because of the theoretically dose-related risk of skin cancer. On 

the other hand a systematic review of the literature by Pasker et al. showed no excess 

incidence of skin cancer due to exposure of therapeutic UVB.44 Contraindications for 

treatment with UVB phototherapy are photodermatoses, the intake of phototoxic or 

photosensitizing drugs, a history of skin cancer or actinic keratoses, previous treatment 
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with X-rays or arsenic, and a (family) history of dysplastic nevus syndrome. The British 

Photodermatology Croup examined the potential role of home based phototherapy, a 

new development in dermatological practice. The authors concluded that home based 

therapy represents a suboptimal treatment with greater attendant risks than photo

therapy m a hospital environment. Home phototherapy should be largely restricted to 

those patients with major difficulties in attending the hospital.45 In general, indications 

for UVB and PUVA are similar and the efficacy of optimal narrow band UVB treatment 

approaches the efficacy of PUVA.46 UVB is cheaper and does not require the use of 

psoralens with all its side effects. UVB can be used in childhood and during pregnancy 

and has a lower carcinogenic potential.47 

Tar 

Tar has been used as a topical treatment for more than hundred years. Liquor carbonis 

detergens 10% can be added to various vehicles. Crude coal tar is used in the concen

trations up to 5% m a paste or petrolatum. Folliculitis and irritation are the most common 

side effects. Coal tar is especially indicated m patients with itchy psoriasis.48 The patients 

should be informed about phototoxic responsiveness. The reports on the safety of coal 

tar are contradictory. In view of a possible mutagenic potential, tar is considered to be 

contraindicated in pregnant and in lactating women.48 Studies on the carcinogenicity of 

antipsoriatic treatments are difficult to perform because patients with longstanding 

psoriasis may have been treated as well with X-rays or arsenic in the past. Up to now, 

conclusive evidence for the carcinogenicity of tar used in dermatological practice is lacking 

and ample evidence is available that treatment with coal tar preparations is safe.49 

Dithranol 

The reader is referred to the more extensive introduction into dithranol treatment as 

presented in section 1.3. Dithranol is a highly effective and safe treatment with a selective 

efficacy in psoriasis. Therefore further studies to improve this time-honoured approach 

are worthwhile. 

1.2.2 Systemic therapy 

In this section the most frequently used systemic treatments of psoriasis are briefly 

described. In general, patients with a systemic treatment should be encouraged to use 

some kind of topical treatment to reduce the cumulative dose of the systemic treatment.50 

Retinoids 

The efficacy of acitretin monotherapy in chronic plaque psoriasis is limited, only 17 to 25% 

of the patients reach >75% clearance.5'5i Acitretin monotherapy is most effective in 

pustular psoriasis and psoriatic palmoplantar keratoderma In those cases retinoids 

should be considered as first line treatment.5' In chronic plaque psoriasis, combination 

with phototherapy or topical therapy (vitamin D3, corticosteroids) is needed to improve 
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efficacy and to lower the dose.5' Acitretin has been shown to be an effective maintenance 

treatment.5' Systemic retinoids exert an influence on proliferation, differentiation of 

epithelial cells and on inflammation with an additional effect on cellular and humoral 

immune responses.54 Most side effects are dose-related, e.g. peeling of the skin of palms 

and soles, dryness of the lips and mucous membranes, epistaxis, conjunctivitis, cheilitis, 

urethritis, balanitis, gingivitis, pruritus, hair loss, increased bruising, widespread 

erythema, retinoid dermatitis, paronychia, impaired night and colour vision, joint stiff

ness and synovitis. Transiently increased levels of liver enzymes, triglycerides and 

cholesterol have been observed during retinoid treatment.54 Retinoids have a serious 

teratogenic potential Because acitretin (after re-esterification) accumulates in the fatty 

tissues, women should avoid pregnancy for at least 2 years after stopping the therapy55 

Hyperostotic changes in the spine have been observed occasionally, however van Dooren-

Greebe et al. could not establish a dose-response relationship between spinal abnor

malities and prolonged oral retinoid treatment.56 Contraindications are active liver 

disease, pre-existing hyperlipidaemia, and pregnancy. 

Methotrexate 

Methotrexate (MTX) exerts its antipsonatic effect by immunomodulation, inhibition of 

epidermal proliferation and interference with cutaneous inflammation " Presumably it 

temporarily reduces DNA synthesis.The weekly divided oral dose schedules is based upon 

this assumption.58 Several observations indicate that the mode of action other than a 

direct effect on keratinocytes could be more important such as effects on the immune 

system.57 Because of the possibility of severe side effects, MTX is not a first choice in the 

treatment of moderate to severe psoriasis. The most common side effects of MTX are 

abdominal discomfort, nausea, leukopenia, hepatotoxicity, thrombocytopenia, fatigue, 

headache, and vomiting. Long-term methotrexate treatment may cause liver fibrosis or 

cirrhosis. Because of a possible mutagenic risk, males and females who plan to have 

children in the near future should be excluded from MTX treatment. Contraceptive 

measures should be continued for 3 months after termination of therapy. 

Contraindications are renal impairment, recent hepatitis, liver cirrhosis or pronounced 

liver fibrosis, pregnancy, severe infectious disease, interfering medication, unreliability of 

the patient, unwillingness to adopt control measures or to use contraception, active 

peptic ulcer, pronounced anaemia, leukopenia, thrombocytopenia or excessive alcohol 

intake.57 However, when patients are properly screened, educated about the correct use 

of methotrexate and well monitored during treatment, this drug is safe, inexpensive, 

well-tolerated and effective in the control of severe psoriasis.59 The initial dosages should 

always be at the lower end of the therapeutic range and the patient should be 

instructed to continue the use of the prescribed topical treatment, m order to reduce the 

MTX dosage. Guidelines for methotrexate treatment m psoriasis have been published by 

Roenigketo/.60 
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Cyclosporin A 

Cyclosporin A, after complexation with cyclophilin (a family of isomerases found in 

almost all mammalian cells), induces a profound immunosuppressive effect. The 

complex inhibits calcineurm, which is the key-enzyme in calcium-dependent signalling 

processes. Calcineurin is essential for signal transduction from the Τ cell receptor to the 

cytokine promoters. Nephrotoxicity may also be mediated via the cyclophilin-calcineurin 

pathway.6' Cyclosporin A is potentially toxic and should only be considered in case of 

refractory psoriasis. Long-term maintenance therapy of cyclosporin is contraindicated 

because of potential side effects such as nephrotoxicity, hypertension, and the increased 

potential for developing malignancies.61 Other side effects are malaise and nausea, 

diarrhoea, hypertrichosis, paresthesia, gingival hyperplasia, headache, vertigo, muscle 

cramps and tremor.63 Contraindications are concomitant treatment with nephrotoxic- or 

cytotoxic drugs, immunosuppressive treatments photo(chemo)therapy, other drugs 

which may interfere with the bioavailability of cyclosporin A, malignancies or a history of 

malignancies, non-compliance, infections, immunodeficiency, chronic severe organ 

dysfunction, drug or alcohol abuse, epileptic disorders, pregnancy and lactation, impaired 

kidney function or uncontrolled hypertension. In an individual patient, the minimal 

effective dose should be used and the dosage should not exceed 5 mg cyclosporin 

A/kg/day. The patients should be instructed to use topical treatment m order to reduce 

the dose of cyclosporin A. Guidelines have been published by Bos et al.6' 

Photochemotherapy 

Short-term side effects of PUVA are erythema, sunburn, nausea, pruritus, hyperpigmen-

tation, PUVA-lentigines, bullae, hypertrichosis and cutaneous pain. Excessive cumulative 

dosages and high frequencies of treatment sessions may result in cutaneous (pre)malig-

nancies. Rare adverse effects are hepatotoxic responses to psoralens and cataract. UVA 

induces clinical signs of skin ageing such as loss of strength, dryness, wrinkles, freckling 

and teleangiectasias. The excess risk for skin cancer, predominantly squamous cell 

carcinoma, has been well documented. Careful monitoring and early detection should 

limit the morbidity associated with these tumors. It is important to realise that the 

cumulative UVA dosage appears to be less reliable as a guide to skin cancer risk than the 

number of PUVA treatments.6"6 8 If patients have received more than 150 treatments, 

annual review of patients up to 10 years is advisable according to the British 

Photodermatology Group.69 A more recent study indicates that also the risk for 

melanoma is significantly increased after 250 PUVA treatments and increases with the 

duration of the follow up.64 Contraindications for PUVA phototherapy are renal-, 

hepatic- or cardio-vascular disease, cataract, skin diseases with photosensitivity, previous 

arsenic treatment or radiotherapy, previously cutaneous malignancies and pregnancy. 

PUVA treatment has been used mainly in patients with severe psoriasis vulgaris, 

generalised pustular psoriasis and palmoplantar pustular psoriasis. Comparative 
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studies between narrow band UVB (311 nm) phototherapy and PUVA have proven that 

both modalities are approximately equally effective. This is of particular interest because 

311 nm UVB therapy, in comparison to PUVA, does not require psoralens with all its 

disadvantages. It has also been stated that this UVB modality is less carcinogenic 

compared to PUVA. As 311 nm UVB therapy is equally effective as PUVA therapy, it may be 

assumed that in the near future 311 nm UVB phototherapy will not only replace broad 

band UVB phototherapy, but also will significantly reduce the use of PUVA."" 

Fumarates 

Orally administered (m)ethylated fumarates constitute a clinically effective and well-

tolerated therapy in psoriasis.70 Although fumarates are not yet approved in The 

Netherlands, this drug is widely used. Fumarates can be classified as immuno

modulatory agents. Nieboer et al. found that a mixture of dimethyl fumarie acid and 

monoethyl fumarate is not more effective compared to monoethyl fumarate alone.7' The 

most frequently reported adverse events are flushing, gastro-mtestinal disturbances, 

fatigue and headache.7174 Although the mode of action of fumarates m the treatment of 

psoriasis is not fully understood, recent experimental data point towards a skewing of 

the Thi-dommated Τ cell response m psoriasis to a Th2-like pattern, and inhibition of 

proliferation of keratinocytes.75 Mrowietz et al. recently published guidelines for the 

clinical use of fumarates derived from a consensus meeting of leading experts.75 

1.2.3 New developments in the treatment of psoriasis 

In table 1.1 new experimental treatments based on new insights in the pathogenesis of 

psoriasis have been summarised. These treatment modalities are currently investigated 

with respect to efficacy and safety m psoriasis. A major development is that new treat

ments are emerging which interfere specifically with a pathogenetic mechanism. 
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Table 1.1 New developments m pathogenesis based treatment 

Retinoid signalling pathway 
Topica/: Tazarotene76 

Systemic- 4 hydroxylation inhibitor Liarozole, Targretin " 

Neutrophils 
Systemic· LTB4 receptor antagonist LY293111, VML295 78 

Τ cell surface 
Systemic: 
LFA3TIP75 

MEDI-507eo 

Anti-CD8o "' 
anti-CTLA-lg e' 
anti-CDs 8: 

anti-CD25eä84 

anti-CD4β5 

Intracellular Τ cell signalling 
Systemic 
Ascomycin SDZ ASM 981e 6 

Tacrolimus 87 

Thi/Th2 balance 
Systemic: IL-ioa8 

Leukocyte adhesion 
Systemic: 
anti-CDna (Efalizumab)89 

TN Fa 
Infliximab (Remicade)90 

Etanercept (Enbrel)9' 

1.3 Dithranol treatment 

Dithranol is the most effective topical treatment for psoriasis. In about 95% of the 

patients wi th chronic plaque psoriasis, inpatient dithranol treatment results m clearance 

with long remission times.92 

1.3.1 History 

Since more than 100 years dithranol is known as an antipsoriatic drug. By misdiagnosing 

psoriasis for dermal fungus infection, Dr. B. Squire accidentally found Goa powder to be 

effective. In 1876 Squire reported on this beneficial use of Goa powder in psoriasis.93 The 

active ingredient of Goa powder, also known as ara roba (tawny coloured) powder, is 

chrysa robin.9 4 The powder was derived from the medulla of the stem and the branches of 

the araroba tree, and was exported by the Portuguese from Brazil to Goa in India and 

Mozambique.9'9S Already in those days skin irritation and staining were noted, which are 

the most important disadvantages of dithranol treatment. In 1916 Galewski developed 
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i,8-dihydroxy-9-anthrone the synthetic analogue of chrysarobm, which lacks the methyl 

group of chrysarobm at the 3 position This analogue is dessignated as dithranol or 

anthralm in American literature or cignolm in German literature96 In the same year, Unna 

reported on the antipsonatic potential of dithranol and i-hydroxy-9-anthrone Up ti l l 

now, these are the most effective anthrone dérivâtes959798 

Figure 1.9 

OH O HO OH O HO 

(a) Chysarobm (b) Anthralm 

O HO 

H H 

(e) 1-hydroxy, 9-anthrone 

Antipsonatic unthrones 

1.3.2 Modes of action 

The anthrone dérivâtes 1,8-dihydroxy 3-methyl-g-anthrone (chrysarobm) and 

i,8-dihydroxy-9-anthrone (dithranol) are aromatic compounds wi th three benzene rings 

combined with carbon atoms numbered 1 to 8 in the two outer rings, and two centre 

carbon atoms numbered 9 and 10 The dithranol compound has hydroxyl groups at the 

C-i and the C-8 position, a carbonyl group at the C-9 position, and a methylene group at 

the C-10 position (figure 1.9) The combination of the hydroxyl group at C-i and the 

carbonyl groups at C-9 at one end with the methylene group at C-10 at the other end is 

crucial for activity This methylene group is responsible for the fast oxidation of dithranol 

by air, light, or alkalis, but on the other hand this structure is responsable for the 

induction of a series of free radicals resulting in inflammation '"The anthrone molecules 

change by oxidation m dithranol dimers, formed by the addition of two free radicals at 

the 10 position, and further oxidise to anthraquinone dimers, which are responsible for 

the purple brown staining The extracellularly generated oxygen radicals are held 

responsible for the antipsonatic and irritative potential of dithranol These radicals also 

induce an adaptation which accounts for the increased tolerance to dithranol upon 
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repeated applications. This may explain the necessity for increasing dithranol 

concentrations during treatment to maintain efficacy." The precise mode of action of 

dithranol still has not yet been elucidated. The growth modulating effects of the extra-

cellularly generated superoxide anion radicals comprise inhibition of DNA replication and 

repair, interference with cellular respiration and inhibition of key enzymes of metabolic 

pathways." A recently described target enzyme of dithranol is 5-ribonuclease P, which is 

an essential enzyme in tRNA cleavage.'00 Dithranol alters the mitochondrial membrane 

structure and function resulting in inhibition of oxidative phosphorylation which may 

become the limiting factor for the increased cellular metabolism in psoriasis ,0, Some of 

the inhibited enzyme systems are associated with cell proliferation and inflammation, 

such as glucose-6-phosphate dehydrogenase, 5-lipoxygenase'02, protein kinase C (PKC),'0J 

ornithine decarboxylase'04, polyamine synthesis", and intermediary molecules such as 

calmodulin'05 and cyclic nucleotides'06 Dithranol inhibits neutrophil functioning, and 

induces immunosuppression." Anderson et al. reported on the inhibition of mitogen 

stimulated lymphocyte proliferation and neutrophil Chemotaxis by dithranol.'0 7 

A significant reduction of keratin 16 expression and recruitment of epidermal cells (Ki-67 

positive nuclei), and an almost complete normalisation of filaggrin positive cell layers 

were observed following dithranol treatment. On the other hand, the number of trans

glutaminase and involucrin positive cell layers was minimally reduced, while the 

epidermal Τ lymphocytes and the epidermal and dermal polymorphonuclear leukocytes 

did not show significant changes. The number of dermal Τ lymphocytes, however, 

reduced significantly.'08 

1.3.3 Short contact treatment vs 24h application 

Because of the skin irritation and staining, 24h application of dithranol is only possible m 

an inpatient setting. For inpatient treatment, dithranol ointment or paste can be used. 

The ointment can be used for diffuse application, while the paste is applied only on the 

psoriatic lesions. The paste does not spread beyond the border of the lesions, which 

restricts perilesional irritation. Comparing different vehicles and treatment schedules of 

dithranol, monotherapy with 24-h applications appears to be the most effective. 

Inpatient treatment results in a significant faster clearance as compared to outpatient 

treatment. Lesionally applied dithranol exerts its action mainly in the first minutes to 

hours after application.'09 In the case the skin barrier is intact, e.g. in normal healthy skin, 

the rise of concentration in the skin is much slower.'09"0 So, removal of dithranol after a 

short t ime should preferentially dimmish the concentration in the uninvolved skin.'" 

Short contact exposure to dithranol in easily removable formulations elicitates these 

early pharmacological effects. 
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1.3-4 Tolerability 

An almost mandatory side effect is irritation Concentrations of dithranol too high or 

application times too long may lead to bothersome irritation, and although rare, blisters 

may occur For more detailed information on dithranol irritation and influencing 

dithranol irritation, the reader is referred to chapter 4 The side effects of purple-brown 

staining of the skin, clothing, furniture and bathroom is due to oxidation products of 

dithranol such as anthraqumone dimers and polymers '" Serious side effects of dithranol 

treatment have never been reported Although dithranol is found to be tumorigenic m the 

dorsal murine skin there is no evidence for a higher incidence of cancer in humans "3"4 

A study on systemic toxicity during a three months treatment with dithranol paste 

revealed no significant changes of blood counts, liver and kidney function "4 Dithranol 

allergy has been described"5"8, but is controversial as a very high sensitivity to dithranol 

may mimic an allergy"9 

1.3.5 Efficacy 

Inpatient treatment results m a faster clearance as compared to outpatient treatment 

Comparing different vehicles and treatment schedules of dithranol therapy, 24-h 

applications of dithranol m a paste or ointment proved to be the most succesful91 

A multicentre comparison of outpatient treatment during 8 weeks with calcipotnol 

ointment and short-contact dithranol therapy, showed improvement m favour of 

calcipotnol ,2° It is, however, known that the efficacy of home treatment is far less 

compared with the inpatient or combined day care and home treatment with dithranol 

The staining properties of dithranol make it impossible to carry out blinded comparative 

studies with other topical therapies Although dithranol monotherapy is very effective, in 

an individual patient it may be necessary to combine the treatment with other topical or 

systemic treatments UVB therapy does not improve the clearing capacity of psoriasis in 

short contact dithranol therapy,'2"" but does significantly postpone the relapse'21 For 

patients with recalcitrant psoriasis, who are treated with systemic therapy, combination 

with dithranol may result in dose reduction of PUVA,'2' acitretin,'24 methotrexate, or 

cyclosporin A '25 In the case of a combination with retinoids it is important to treat with 

low concentrations of dithranol, because the retinoid causes thinning of the skin, which 

may increase the sensitivity to dithranol '24 
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1.4 Care instruction programme 

1.4.1 Dermatological day care 

Dermatological care has changed during the last decades. The availability of inpatient 

facilities is decreasing, mainly because of socio-economical changes. This development 

implies an increasing number of patients with chronic skin diseases who cannot be 

treated anymore with adequate topical treatments as well as an increasing number of 

patients who have to be treated with systemic medications with substantial side effects. 

In a questionnaire, 55% of the patients reported that they had never experienced a 

complete remission from their psoriasis. 36% Of them felt that the hospital doctor 

spends most of the consultation time writing prescriptions and 59% of the patients had 

never had an explanatory pamphlet about psoriasis.'4 

Dermatological day care facilities fit into the lacuna between inpatient and ordinary 

ambulatory treatment. Since the late sixties intra- and extramural care facilities have 

been developed. A common advantage of these care facilities is the possibility to pay 

sufficient attention to patients. In 1991 the department of dermatology of the University 

Medical Centre Nijmegen started a day care instruction programme focusing on optimal 

care and patient compliance. Patients with moderate to severe dermatological diseases 

such as psoriasis, eczema, and patients with leg ulcers or lymphedema are treated at the 

day care unit. Besides the medical technical approach, there is attention for education, 

therapy instruction, motivation and psychosocial support. Dermatological day care treat

ment diminishes the need for expensive hospitalisation of dermatological patients who 

are otherwise healthy. It gives patients the opportunity to stay m their social 

environment whilst receiving an effective treatment Patients can be educated to treat 

themselves at home, which makes patients more independent from medical care. 

Meeting other patients in a day care centre may lead to more comprehension, while 

encouragement from fellow-patients may improve compliance. Of course only well-

motivated patients are eligible for this approach 

Inpatient therapies are adjusted to make them applicable as outpatient instruction treat

ments. Tar preparations are used m the treatment of eczema and chronic hand and foot 

dermatoses. Dithranol short contact treatment is used in the treatment of psoriasis. 

Extensive wound care for patients with complicated leg ulcers is possible and surgery 

with skin grafts can be performed m day care settings. A combination of manual 

lymphdramage and intermittent pneumatic compression therapy can be given in case of 

lymphedema. In the process of adapting inpatient therapies to outpatient instruction 

treatments and in the ongoing search for improvements the ward for day care is an 

outstanding place for clinical research. 
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1.4-2 Care Instruction programme of short contact dithranol as innovation in the 

treatment of psoriasis 

One of the first day care centres for psoriasis was founded at the Rothchild Foundation 

Hospital in Paris in 1967.'26 At that time, a modified Coeckerman regimen was used, 

consisting of a combination of coal tar, psoralens and ultraviolet radiation. Subsequently, 

ambulatory treatment centres for psoriasis started in many different countries. In 1970 

Färber introduced a modified Ingram regimen in which the application time of dithranol 

in stiff Lassar's paste was shortened.'27 This regimen was successfully incorporated into 

the psoriasis Day Care Center Programme at Stanford in 1974. Since then, various 

phototherapy regimens whether or not combined with baths or dithranol applications, 

have been applied in a variety of day care modalities. Dithranol was nearly exclusively 

used in a hospital setting because of the dose related skin irritation and permanent 

discoloration of clothing, furniture and sanitary.128 The introduction of an easy removable 

dithranol formulation,129 that can be washed off adequately, made short contact therapy 

possible. Prevention of and coping with irritation demands an intensified medical 

assistance given by an experienced team.130 

Figure 1.10 

Dermatological day care department, University Medical Centre Nijmegen 
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At the University Medical Centre Nijmegen (UMC Nijmegen) during the first week of 

treatment the patients visit the department of dermatology five days (figure 1.10). After 

this week, the patients are treated twice weekly at the hospital. The other days of the 

week they carry out the treatment at home. A three days scheme is used starting with 15 

minute applications at the lowest concentration, after which the cream is washed off. In 

the case of no irritation, the application time or the concentration of the dithranol cream 

is increased. First the application time is increased up to 30 minutes during three days, 

followed by 45 minutes again during three days.Thereafter, a 15 minute application of a one 

step higher concentration will be advised and so on. The concentrations range from 

0.1%, 0.2%, 0.3%, o 4%, 0.5%, i.o%, 2.0%, 3.0% to 5.0%. In case of irritation, the treatment time 

is shortened or the concentration is lowered. In case of troublesome irritation the treat

ment may be stopped for a certain period of time depending on the severity of irritation. 

1.5 Assessments 

1.5.1 Severity indices 

In the assessment of psoriasis several outcome criteria have been developed. The 

outcome measures, which have been used in this thesis, are introduced m this section. 

PASI (Psoriasis Area and Severity Index) 

To evaluate the clinical effectiveness of the different treatments the PASI and the total 

percentage of involved body surface (area) were used.1'"33 The PASI constitutes a semi

quantitative assessment composed out of the scores for erythema, induration and 

desquamation of the psoriatic lesions, multiplied by a score for the area of involved skin. 

SUM score 

If the PASI could not be used because we did evaluate the effect of a treatment on one 

single lesion a modified score was used. Erythema, induration and scaling of the lesions were 

assessed using a 5-point scale The sum of these scores is designated as the "sum score". 

Clearance and Relapse 

Clearance was defined as the resolution of the lesion, for at least 90% of the baseline 

area. Relapse was defined as a recurrence of lesion of at least 50% of the baseline area. 

Irritation 

For irritation of the penlesional skin we estimated severity of erythema on a 5-point scale. 

In some studies we performed a more extensive clinical evaluation, scoring erythema, 

oedema, vesicle formation and pain or itching on a 5-point scale. 

GENERAL INTRODUCTION CHAPTER 1 2η 



1.5-2 Micro-moTphological parameters 

The MIB-1 antibody (Immunotech SA AMAC Inc.) was used to visualize Ki-67 Nuclear 

expression of the Ki-67 epitope indicates that the cell is cycling and has passed the 

transition point from the Go phase into the G, phase.'54'37 The Ki-67 nuclear antigen is 

expressed in G^ S, G2, and M phase, but is absent in Go·'37 In normal epidermis only a small 

minority of nuclei are positive in the basal layer. One of the characteristics of psoriatic 

lesions is hyperproliferation of keratinocytes expressed by substantial epidermal nuclear 

Ki-67 expression. 

We used three differentiation markers. MON-150 (Dept Clin. Chem., St. Elisabeth 

Hospital, Tilburg, The Netherlands) was used to visualise the expression of involucrin.'38 

The keratinocyte enters a process of differentiation that eventually results in cell death. 

This process, starts when basal cells escape from the germinative compartment and 

become squamous cells and subsequently granular cells.The granular cell layer is named 

after the keratohyalin granules. These densely staining bodies occupy much of the cyto

plasm of the granular cells. The granular cells differentiate further into corneocytes, 

which finally peel off the skin. A major structural component generated as a result of this 

process of differentiation is the cornified envelope.'39 The corneocyte, the functional unit 

of the stratum corneum, can be thought of as this envelope of cross-linked proteins 

surrounding a network of keratin intermediate filaments.'40 Involucrin is a precursor of 

the cornified envelope. In normal epidermis, involucrin is not expressed in the 

germinative cell layers, but appears m the upper stratum spinosum and, is expressed 

most intensely in the stratum granulosum and the inner stratum corneum.'4"4 3 

The envelope assembly begins well before nuclear destruction is complete. Involucrin 

displays a uniform circumferential distribution of glutamine residues at equal intervals 

along the axis of the α-helical involucrin rod, suggesting that involucrin should be able 

to cross-link proteins in multiple spatial planes.'44 Because involucrin is immunologically 

and biochemically unrelated to keratin, involucrin is a distinctive marker for a phase in 

keratinocyte maturation that immediately precedes the final events of terminal 

differentiation.'3"4 5 

Anti-filaggrin (BTI, USA) was chosen as a monoclonal mouse antibody against filaggrin. 

Filaggrin is a histidine-rich matrix protein which is synthesised as the high molecular 

weight, phosphorylated, precursor profilaggrin, that is processed to form the lower mol

ecular weight filaggrin, which is present in cornified cells.'46 During the conversion of 

granular cells to corneocytes, profilaggrin is dephosphorylated and proteolytically 

processed to filaggrin molecules. One of the functions of filaggrin is the aggregation of 

keratin filaments ifil ament agg regatmg prote me), thereby forming the keratin pattern 

as can be seen in the lower stratum corneum."17 The eventual total proteolysis of the 

filaggrms results in the formation of a highly concentrated pool of free amino acids and 
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derivatives, such as pyrrolidone carboxylic acid, which allows the stratum corneum to 

retain water against the dehydrating action of the environment ,48 Low profilaggrm 

biosynthesis in the epidermis may be involved in the pathogenesis of xerotic skin 

conditions '49 In normal human skin, filaggrm expression can be observed in the stratum 

granulosum and in the stratum corneum ,50 

Anti-transglutammase (BTI, USA), was used as monoclonal anti human keratmocyte 

transglutaminase The envelope consists of an array of covalently cross-linked proteins 

that are held together by mtermolecular N-(y-glutamyl)-lysine isopeptide bonds The 

formation of the cross-links of loricrm, mvolucrm, keratolmm and probably also filaggrm 

in the cormfied envelope is catalyzed by transglutaminase I, a calcium-dependent 

enzyme '51 In human epidermis, appearance of epidermal transglutaminase within the 

plasma membrane starts in the upper stratum spmosum and the enzyme is present in 

the stratum granulosum The activation of epidermal transglutaminase m the upper 

granular layer is very likely a consequence of the liberation of Ca** ions from 

mitochondria m the course of their désintégration This local activation is likely a key 

element triggering cormfied envelope formation ,5! 

Four inflammation markers were used in the present thesis to assess the presence of 

various inflammatory cells The neutrophilic granulocyte also called neutrophil or poly

morphonuclear leukocyte (PMN) plays an important role m the early phase of some 

inflammatory responses, in phagocytosis and killing of micro organism, and m the 

immobilisation and phagocytosis of antigen-antibody complexes in the presence of 

complement'5 ' In patients with psoriasis, peripheral blood neutrophils show abnor

malities related to the activity of psoriasis For example neutral proteinases of these cells 

are increased m active psoriasis with expanding lesions, while being decreased in stable 

plaque psoriasis '54 In the psoriatic lesion neutrophils are part of innate immunity which 

is involved m the pathogenesis of psoriasis We used anti-elastase (DAKO-elastase, 

Dakopatts, Copenhagen, Denmark), a monoclonal mouse antibody to human neutrophil 

elastase, m order to visualise polymorphonuclear leukocytes (PMN) 

Τ lymphocytes are the effector cells for cellular immunity'5 3 In psoriasis, the patho

genetic significance of the Τ cell is evident'55 In bone marrow transplant patients without 

psoriasis, psoriasis appeared m case the donor had psoriasis Vice versa in psoriasis 

patients the disease disappeared after a bone marrow transplant from a donor without 

psoriasis'56'57 Up till now, it is still unclear how Τ cells bring about epidermal hyper-

prohferation, by direct interaction with keratmocytes or indirectly by means of antigen 

presenting cells, autoantigens, superantigens or a combination of these'5 8 DAKO-Tn 

(Dakopatts, Copenhagen, Denmark) was chosen as a monoclonal antibody against 

Τ lymphocytes 
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Circulating macrophages enter the tissue as monocytes. Monocytes are capable to 

develop into skin macrophages with phagocytic capacity after proper stimulation '" 

Pronounced leukocyte infiltration can be observed in the psoriatic lesion. Monocytes 

have been shown, lined up to the rete ridges m close proximity to proliferating basal 

keratinocytes, capable of secreting monocyte chemoattractant protein. WT14 (Dept. of 

Medicine, Division Nephrology, University Medical Centre Nijmegen, The Netherlands) 

was used as a monoclonal antibody against monocytes and macrophages.'59 

Antigen presenting cells, interacting with Τ cells may be relevant m the pathogenesis of 

psoriasis. Langerhans cells originate in the bone marrow and are related to the mono

cyte-macrophage group. Langerhans cells have antigen-presenting capacity, and 

probably play a crucial role in contact sensitisation and in immunosurveillance of the 

skin.'" The monoclonal mouse antibody DAKO-T6 (Dakopatts, Copenhagen, Denmark) 

was used as a marker for Langerhans cells. 

1.6 Aims 

Aim I The positioning of a care instruction programme for short contact 

dithranol treatment 

In general, conventional topical regimens are preferable to treatments with more serious 

side effects Dithranol treatment is a time honoured and a safe treatment. Inpatient 

treatment using 24-hour applications is the gold standard. Short contact dithranol treat

ment is provided at several day care centres. Recently, an important innovation m day care 

was introduced at the department of Dermatology of the UMC Nijmegen: the care 

instruction principal Using this principle the patients are well instructed to carry out 

most of the treatment at home themselves. We evaluated the effectiveness of short 

contact dithranol therapy m moderate to severe psoriasis. The results can be interpreted 

as an indicator for the effectiveness of care instruction programmes m dermatological 

daycare in general. 

Aim I I Characterisation of the response of normal skin and uninvolved as well as 

lesionai skin of patients with psoriasis to dithranol 

Insight in the response of normal skin and uninvolved as well as lesionai skin of patients 

with psoriasis on the cellular level may provide clues for a better understanding of the in 

vivo mode of action of dithranol treatment as well as understanding dithranol irritancy. 

Aim I I I Innovations of dithranol treatment based on new insights in the in vivo 

actions of dithranol 

Based on the insight m the in vivo action of dithranol, the rationale may be provided for 

optimal combinations of dithranol with other treatments and for optimal schedules for 

dithranol applications. 
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CHAPTER 2 

The positioning of a care instruction programme 
for short contact dithranol treatment 

This chapter was based on the following publication 

O.O.J. Swinkels.M. Prins, R.T. Veenhuis,!, de Boo, M.J.P. Gerritsen, G.J. van der Wilt, PCM. van de 

Kerkhof, P.G.M, van der Valk. 

Effectiveness and side effects of UVB-phototherapy, dithranol inpatient therapy and a care 

instruction programme of short contact dithranol in moderate to severe psoriasis. 

An open randomised trial. Subm/iied. 

This manuscript is a modification of a part of the formal report to the Health Care Insurance Board 

concerning a large national cost-effectiveness analysis.This study was funded by the National Fund 

for Investigational Medicine (NFIM) of the Health Care Insurance Board and was performed from 

April 1996 till Decemben999.The NFIM is one of the most prominent Dutch programmes in 

MedicalTechnology Assessment. 



2.1 Effectiveness and side effects of UVB-phototherapy, dithranol inpatient 

therapy and a care instruction programme of short contact dithranol in 

moderate to severe psoriasis. An open randomised trial. 

Summary 

Background 

The efficacy of UVB-phototherapy (UVB) and topical dithranol treatment for psoriasis is 

unquestionable However, well conducted clinical trials are not available, making 

comparison with new therapies impossible In this study we assessed the effectiveness 

of UVB, inpatient treatment with dithranol and a care instruction programme using short 

t ime exposures to dithranol (short contact treatment) 

Methods 

In an open randomised trial we studied the effectiveness in psoriasis of UVB, inpatient 

dithranol treatment and short contact dithranol treatment 250 Patients with moderate 

to severe psoriasis were included The intention to treat group existed of 238 patients of 

whom 160 patients were male, and 78 patients were female The mean age was 46 7 with 

a standard deviation of 143 years 78 patients were treated with UVB, 60 patients 

underwent inpatient dithranol treatment and 100 patients were treated with short 

contact dithranol 

Findings 

We found comparable results in clinical response rate (56% versus 59%) and treatment 

duration (75 versus 72 days) between UVB and short contact dithranol treatment 

Inpatient treated patients showed a significantly higher clinical response rate and 

significantly shorter treatment duration compared to the other two treatments The 

remission time following short contact treatment was significantly longer than after 

inpatient treatment The number of clearance days, which combines effectiveness of the 

treatment and remission duration, was not significantly different between UVB, 

inpatient dithranol treatment and short contact dithranol treatment 

We observed no serious side effects Reversible skin irritation inherent to the treatment 

modalities was observed m 33% in UVB, 48% m inpatient dithranol treatment and 81% m 

short contact dithranol treatment 

Interpretation 

UVB and dithranol treatments are very effective and safe in moderate to severe psoriasis 

These therapies can be considered as a standard m psoriasis therapy The effectiveness of 

new therapies should be compared both in terms of effectiveness and safety with these 

traditional treatments before introduction on a large scale 
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Introduction 

Psoriasis is a chronic skin disease with a prevalence of ι - 2% m Caucasian populations.' 

Although the severity of psoriasis varies and is seldom disabling, psoriasis has a 

significant impact on social life in many patients, making treatment and temporary relief 

of symptoms sought by many patients.2 Mild to moderate psoriasis can be treated 

topically wi th vitamin D preparations and/or dermatocorticosteroids. For moderate to 

severe psoriasis, UVB-phototherapy (UVB) and dithranol therapy are good alternatives. 

Severe psoriasis resistant to topical therapy or UVB or fast relapsing psoriasis can be 

treated systemically with immunomodulating drugs like methotrexate, acitretin and 

cyclosporin.'4 

Experimental systemic treatments such as alefacept (targeted at memory effector 

Τ lymphocytes), etanercept (anti-tumour necrosis factor-alfa) and infliximab (anti-

tumour necrosis factor-alfa) have been investigated in psoriasis.57 Although these drugs 

have a clear anti-psoriatic effect, the position of these treatments has not been defined 

as comparative data are not available so far. 

UVB is effective but its use is limited because of the dose-related risk of skin cancer.89 

Dithranol therapy is considered as highly effective, and no side effects have been 

observed w i t h the exception of therapy-related skin irritation and permanent 

discoloration of clothing, furniture and sanitary. Because of these side effects dithranol 

treatment was exclusively used in a hospital setting in the past.'0 Apart from the 

expensive treatment setting, the disadvantage of treatment at an inpatient department 

is disturbance of social life of the otherwise healthy patient. 

Dithranol exerts its action mainly m the first minutes to hours after application. The 

principle of short contact exposure to dithranol in easily removable formulations makes 

use of those early pharmacological effects." "This approach restricts the time needed for 

the treatment considerably permitting the patients to continue their daily activities. 

A maximal biological effect of dithranol just below the level of irritation of the 

surrounding uninvolved skin depends on careful tuning of exposure t ime and 

concentration increments.The patients must be well guided and instructed to guarantee 

optimal compliance and treatment schedules. It has been shown that the effectiveness 

of dithranol treatment schedules is related to the frequency and intensity of supervision 

and instruction '3 

In 1991 we started a day care instruction programme for patients with moderate to severe 

psoriasis focusing on optimal time and concentration adjustment, and patient compliance. 

In the present multicentre open randomised trial we studied the effectiveness and side 

effects of UVB, dithranol inpatient therapy and an outpatient care instruction 
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programme with short contact dithranol in moderate to severe psoriasis.The influence of 

prognostic factors (psoriasis severity, demographic data, systemic treatment and 

compliance) was also studied. 

Methods 

Participants 

Patients that met the selection criteria were randomised, using envelopes, within three 

parallel randomisation strata over the three treatments under study. In group I, patients 

with no contra-indications for either of the three treatment options (UVB, short contact 

dithranol (SCD) treatment and inpatient dithranol treatment) were randomised In group 

I I (short contact treatment versus inpatient treatment) patients were randomised with a 

contra-indication for UVB, or who refused this therapy. Patients who rejected inpatient 

treatment were randomised in group I I I , short contact treatment versus UVB. 

Patients were randomised either m blocks of three (group I) or four (group I I and III). Two 

extramural day care centres, and four university centres with day care facilities partici

pated in the study.The inclusion, exclusion and stop criteria are summarised in table 2.1. 

Table 2.1 

Inclusion criteria 

Age 16 year - fit for his/her age 
Stable plaque psoriasis 
Body area involved with psoriasis > 10% 
Written informed consent 

Exclusion criteria 

Pustular or erythrodermic psoriasis 
Serious other diseases, which might interfere with the clinical monitoring of the skin or the con
tinuation of the study, e.g. other skin diseases, serious cardiovascular or neurological diseases 
Limited mobility which limits the self application of the dithranol cream or inability to stand 
Medication that might interfere with the psoriasis (15-blockers, lithium, indomethacin, anti
malarials and immunosuppressives) 
In-patient treatment, photo(chemo)therapy or dithranol treatment within 3 months before the 
study start 
Systemic antipsonatic treatment within 1 month before the study start 
Contra-indications dithranol treatment, e g pregnancy or allergy for one of the ingredients of 
the study ointments 
Contraindications UVB-phototherapy: previous skin cancer; familiar atypical moles, skin type 1, 
atypical moles, previous abuses phototherapy, diseases with photosensitivity, previous non-
response to UVB-phototherapy 

Stop criteria 

PASI-score above 75% of the scores at the start of treatment after 3 weeks (SCD, UVB) 
PASI-score above 50% of the scores at the start of treatment after 6 weeks (SCD, UVB) 
Treatment duration more than 12 weeks (SCD, UVB) 
PASI-score above 75% of the scores at the start of treatment after 2 weeks (in-patient) 
PASI-score above 50% of the scores at the start of treatment after 4 weeks (m-patient) 
Treatment duration more than 8 weeks (in-patient) 
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Treatment protocols 

We started UVB treatment with 50% of the minimal erythemal dose (MED), increasing 

just below erythema.'4 The MED was established on the lower back of the patients before 

the start of therapy. Patients were treated three times a week. The maximum UVB treat

ment duration was 12 weeks. Small band TL01 tubes were used m one centre (Utrecht), in 

one centre high-pressure mercury lamp were used (Ede) and in the other centres broad 

band TL12 tubes. 

During short contact treatment a day care instruction programme was used. During the 

first week of treatment the patients visited the department daily. They were instructed 

how to perform self-treatment at home and what to do in case of irritation. After this 

week they were treated twice a week at the department, the other five days of the week 

they treated themselves at home. We used a three days short contact application scheme 

starting with 15 minutes of application, after which it was washed off, followed by 30 to 

45 minutes application time. After three days of 45 minutes application time the therapy 

was continued with a 15 minutes application of a one step higher concentration. The 

concentrations ranged from 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 1.0%, 2.0%, 3.0% to 5.0%. In case 

of irritation, the treatment time was shortened or dithranol concentration lowered. The 

cream was prepared according to a formulation, known for its good stability, by the 

hospital pharmacist of the University Medical Centre Nijmegen '5 Dithranol cream 

(x gram) was delivered in standard tubes of 40 grams.The dithranol was dissolved in the 

vehicle that was composed of cetiol V (200 + χ gram), cera cetomacrogolis emulsificans 

150 g, paraffin subliquidum 150 g, acidum salicylicum 10 g, acidum sorbicum 1.5 g, acidum 

ascorbicum 0.5 g, aqua demi filtrata ad 1000 g The maximum short contact treatment 

duration m this study was 12 weeks. 

During inpatient treatment dithranol in petrolatum was applied diffusely for 24-hours. 

Tube-bandages were used to cover the dithranol ointment and to protect the patient's 

clothes and environment Treatment was started with 0.05% dithranol in petrolatum and 

if no irritation occurred the dithranol concentration was increased stepwise every three 

days (maximum 5.0%). The dithranol m petrolatum was prepared in the individual 

centres according to a protocol delivered by the University Medical Centre Nijmegen. 

Maximum inpatient treatment duration was 8 weeks. 

To avoid lengthy treatment periods stop criteria were formulated. In UVB and short 

contact dithranol we stopped treatment if the PASI score (see for definition below) was 

either above 75% and 50% of the scores at the start of treatment after 3 and 6 weeks 

respectively or if the skin was not cleared more than 50% of the original lesions (area) 

after 9 weeks. The maximum treatment duration was 12 weeks. In inpatient treatment 

we used the same stop criteria, however we used 2,4, 6 and 8 weeks to evaluate treat

ment progress. During the study we disregarded the stop criterium 50% clearance after 

POSITIONING A CARE INSTRUCTION PROGRAMME CHAPTER 2 4 I 



75% of the maximum treatment period, because the lesions proved to resolve 

simultaneously rather than successively. 

The adjuvant therapy during treatment is summarised m table 2.2. During UVB 

phototherapy and short contact treatment the patients visited the investigator every 

three weeks, and during inpatient treatment every two weeks. Successfully treated 

patients were seen monthly with a follow up of at least one year until a relapse occurred. 

During the follow up period the use of topical anti-psoriatic treatments was not 

restricted. All patients provided written informed consent. The Review Board of the 

University Medical Centre Nijmegen approved the study protocol. 

Table 2.2 

Adjuvant therapy 

acidum salicylicum 10% in adeps lanae 

acidum salicylicum 10% in petrolatum 
coal tar/menthol shampoo 
coaltar solution 10% in petrolatum/cremor lanette I Ana 
petrolatum 50% in cremor lanette I 
clobetasol/fluticason/betamethason cream or ointment 
betamethason/desoximetason lotion or emulsion with or without acidum salicylicum 10% 
flumetason/clioquinol eardrops 
psoncreamR 0.1/0.25/0.5% 

Outcome measures 

To evaluate the clinical effectiveness of the three therapies we used the Psoriasis Area 

and Severity Index (PASI) and the total percentage of involved body surface (area).'6'7 

The PASI constitutes a semi-quantitative assessment composed out of the scores for 

erythema, induration and desquamation of the psoriatic lesions, multiplied by a score for 

the area of involved skin. During the intake and every control visit the PASI and area were 

assessed. The clinical response rate was defined as the rate of patients with clearance 

within the maximum treatment duration. Clearance was defined as the resolution of 

lesions for at least 90% of the baseline area. The number of days until successful treat

ment was determined, as was the number of days in remission (the number of days 

between clearance and relapse). Relapse was defined as a recurrence of lesions of at least 

50% of the baseline area. The number of clearance days was determined forali patients, 

irrespective of the treatment result. For patients with clearance this was defined as the 

number of days from clearance until relapse, for patients with a therapy failure it wasset 
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to o days, and for patients without a relapse during follow up, the total number of follow 

up days (right-censored) was recorded. In summary, the following clinical effectiveness 

parameters were used: 

• Number of days in remission (successfully treated patients) 

• Number of clearance days (intention to treat population) 

• Clinical response rate 

• Number of days until successful treatment 

• Relapse rate after one year 

Compliance 

In the present study non-compliance was defined as all days without treatment, 

independent of the reason, including irritation, sickness, holiday, etc. 

Adverse events 

All adverse events, their relation with the study treatment and the treatment of the 

adverse events were registered. 

Statistical methods 

Although this study is descriptive m nature (see 'sample size' below) post-hoc analyses 

were done to compare the three treatments. The analysis was conducted on the 

intention-to-treat population, consisting of patients who were randomised, and 

appeared at least once after the baseline measurements. We investigated the possible 

relationship of clinical response rate, treatment duration and remission duration with 

centre, randomisation group and baseline values of PASI-score and area. This was done by 

comparing the model with only treatment as independent variable with the model 

where centre, randomisation group, their interaction and baseline values of PASI-score 

and area were added as independent variables (likelihood-ratio test or F-test). Differences 

between treatments were analysed with the uncorrected x2-test (clinical response rate, 

relapse rate), the two-sample t-test (treatment duration) and the log-rank test (number 

of days in remission, number of clearance days). As level of significance 5% was used for 

all tests. Estimates of means or medians with 95% confidence intervals were computed 

using the assumed distributions or with nonparametric methods. For the number of days 

in remission after clearance a lognormal distribution was assumed since the data did not 

allow for the computation of a nonparametric interval. In further exploratory analyses 

the relationship with possible predictors/prognostic factors was investigated using 

stepwise regression techniques. 
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Sample size 

Assuming comparability of the three treatments in this descriptive study, we calculated 

that with an accrual of 250 patients, the standard error of the mean number of days in 

remission would be approximately three weeks. This calculation was done using the data 

in the study performed by Velie Brifa et al. where a lognormally distributed remission 

time was assumed.'8 

Figure 2.1 
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Patient flow until the follow up period. 

Results 

Demographic data 

Figure 2.1 shows the patient flow until the follow up period. Overall, 250 patients were 

included in the study. 12 Patients were excluded because they did not return after the 

baseline assessment (short contact treatment: 7, UVB: 4, and in patient treatment: 1). 

The intention to treat group existed of 238 patients of whom 160 patients were ma le, and 

78 patients were female. 78 Patients were treated with UVB, 100 patients with short 

contact dithranol, and 60 patients underwent inpatient dithranol treatment.The mean 

age was 46.7 with a standard deviation of 14.3 years. The mean baseline PASI was 

15.3 ± 6.9. The mean baseline area was 21% ± 13.8. Table 2.3 shows the values for baseline 

PASI and area with the demographic data for the different treatments. Six patients 

stopped because of unacceptable irritation (short contact dithranol (SCO) treatment: 

three, UVB: two and inpatient dithranol (IPD) treatment : one). 
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Table 2.3 

Stratum η Mean baseline Mean baseline Mean age Male/Female 

PASI (SD) area (SD) ratio 

SCD 100 141 (55) 193 (131) 461 (13.6) 67/33 

UVB 78 14.6 (6.8) 20.1 (13.7) 471 (15.3) 53/25 

IPD 60 18 2 (8 4) 24 9 (14 6) 47.3 (14.4) 40/20 

Total 238 15 3 (6.9) 21.0 (13.8) 46.7 (14.3) 160/78 

Eight pat ients d i s c o n t i n u e d t r e a t m e n t (dropouts) In t h e short contact t reated g r o u p one 

pat ient s t o p p e d because o f compl iance problems related t o a lcohol ism, one p a t i e n t 

because o f c o m p l i a n c e problems related t o w o r k , one p a t i e n t because he w a n t e d 

inpat ient t r e a t m e n t and one p a t i e n t f o r u n k n o w n reasons. In t h e UVB t reated g r o u p one 

p a t i e n t s t o p p e d because o f t h e t r a v e l l i n g d i s t a n c e and o n e p a t i e n t because o f 

compl iance p r o b l e m s related t o w o r k . In t h e i n p a t i e n t t r e a t e d g r o u p one p a t i e n t s topped 

because o f c o m p l i a n c e problems related t o a lcohol ism and one p a t i e n t was n o t w i l l i n g 

t o comply w i t h t h e d i t h r a n o l r e g i m e n . 

Fourteen pat ients in t h e i n t e n t i o n t o t reat g r o u p were protocol v iolators o n f i n a l 

analysis. In t h e s h o r t contact t reated group, t h r e e pat ients w e r e protocol v io lators 

because o f ß-blocker use, one pat ient because o f having instable plaque psoriasis and six 

pat ients proved t o have baseline areas o f < 10%. In t he UVB t rea ted group, t w o pat ients 

were protocol v io lators because o f having baseline areas o f < 10%. In t h e inpat ien t 

d i th rano l t rea ted group, one pat ient was protocol v io lator because o f ß-blocker use and 

one because o f hav ing < 10% baseline area. The protocol v io lators were included in t h e 

analysis. 155 Patients were cleared (short contact d i th rano l : 59 o f 100 pat ients, UVB: 44 o f 

78 pat ients, inpat ient : 52 o f 6 0 patients) and were fo l l owed up ( f igure 2.2). 

Clinical effectiveness 

There was no statistically significant influence of the centre, the randomisation group or 

the baseline values of PASI and area on the treatment results: clinical response rate, 

treatment duration, and remission period (p > 0.10 in all cases). Consequently, in further 

analyses these variables were dropped from the models. 

Number of days in remission (succesfully treated patients) 

Figure 2.3 shows the Kaplan-Meier estimates for the number of days m remission after 

successful treatment.The median of the remission period for every therapy modality was 

estimated with 95% confidence interval. These results are listed in table 2.4. Comparing 

short contact treatment to inpatient treatment the median number of days in remission 

is significantly longer after short contact treatment. 
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Figure 2.2 
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Patient flow during the follow up (FU) period. 

Number of clearance days (intention to treat population) 

Figure 2.4 shows the Kaplan-Meier estimates for the number of clearance days after the 

three treatments. Table 2.4 lists the estimated median number of clearance days with 

95% confidence intervals for the three treatments. No significant difference in number of 

clearance days between short contact dithranol (SCD), UVB and inpatient dithranol (IPD) 

treatment was found. 

Table 2.4 

SCD 

UVB 

IPD 

SCD/UVB 

SCD/IPD 

UVB/IPD 

median days in 

remission 

(succesfully treated 

patients) 

584 (347,981) (n = 59) 

328 (245,440) (n = 44) 

277 (225.342) (n = 52) 

ρ = 0.095 

ρ = O.0O3 

Ρ = 0.31 

median number of 

clearance days 

(intention to treat 

population) 

168 (0,322) ( n = 100) 

140 (0,207) (n = 78) 

253 (196.329) (n = 60) 

Ρ = οι? 
Ρ = 0.99 
ρ = O.H 

clinical response rate 

59% (n = 100) 

56% (n = 78) 

87% (n = 60) 

Ρ = 0.73 
ρ = O.COl 

ρ = O.COl 
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Figure 2.3 
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Clinical response rate 

Table 2.4 also shows the clinical response rate of the three treatment groups. The 

percentage of successful treatments was significantly higher in the inpatient dithranol 

treated group compared with the UVB and short contact treated groups, while there was 

no significant difference between the response rate of the latter two treatments. 

Table 2.5 

mean number of days until relapse rate after one year 
successful treatment ± SD 

SCD 72 ± 17 (n = 59) 38% (18/47) ( η = 47) 
UVB 75 ± 16 (η = 44) 58% (21/36) (η = 36) 
IPD 37 ±14 (η = 52) 70% (32/46) (η = 46) 
SCD/UVB ρ = 0 35 ρ = 007 
SCD/IPD ρ < 0.001 ρ = ο 002 
UVB/IPD ρ < ο ο ο ι ρ = 029 

Number of days until successful treatment 

Summary statistics for the number of days until successful treatment are shown in 

table 2.5. It clearly shows that the treatment duration in the inpatient group (IPD) is 

significantly shorter compared with short contact dithranol (SCD) and UVB treatment. 

The latter two did not show a significant difference in treatment duration. 

Follow up 

Sixteen patients were lost during follow up, while for another ten patients the follow up 

period was shorter than one year because the study ended. For the computation of the 

relapse rate a follow up of one year was defined as twelve months ± ι month. 72 Patients 

had a relapse within one year of follow up. The median follow up was 358 days with an 

interquartile range of 284 - 377 for patients without a relapse and 201 days with an 

interquartile range of 140 - 266 for patients with a relapse. 

The relapse rate after one year 

Table 2.5 also shows the relapse rate after one year following the three evaluated 

treatments. The relapse rates are inversely related to the remission periods. The relapse 

rate after short contact treatment is lower compared to the relapse rate after inpatient 

treatment (p < 0.05) and UVB (ρ = 0.07). 

Compliance 

Inpatient treatment showed the best compliance. In the short contact treated group we 

often observed dithranol irritation leading to interruption of the treatment. In the UVB 

group all the other reasons for non-compliance were noticed more often The obser

vations have been summarised in table 2.6. 
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Table 2.6 

Reason non-compliance SCD (n = 100) UVB (η = 78) IPD (n=6o) 

non-compliance 

(in sensu stncto) 

Irritation 

Sickness 

Holiday 

Practical reasons 

Other 

12 (29) 

82 (485) 

7(35) 

5(12) 
2(8) 

4(17) 

19 (75) 

20 (54) 
10 (26) 

12 (47) 
20(38) 

8(18) 

1 ( 2 ) 

34 (123) 
0 

0 

1 « 

0 

Showing the number of patients with a certain reason of non-compliance, with between 
brackets the total number of days without short contact dithranol (SCD), UVB or inpatient 
dithranol (IPD) treatment 

Adverse events 

Irritation was observed more often in the short contact treated group, however this did 

not lead to a higher number of patients who stopped because of irritation in this group, 

compared to the other treatment groups. Table 2.7 shows the adverse events. 

Table 2.7 

Adverse event SCD(n=ioo) UVB (n=78) IPD(n=6o) 

Irritation 

Inflammation 

Joint complaints 

Flu, common cold 

Psychological 

Other 

81 (81) 

7(7) 

5(5) 
20 (20) 

6 ( 6 ) 

18 (18) 

26 (33) 
8(10) 

2(3) 
20 (26) 

3(4) 
8(10) 

29 (48) 

3(5) 
0 

12 (20) 

2(3) 

8(13) 

Showing the number and between brackets the percentage of patients with a certain adverse 
event during short contact dithranol (SCD), UVB or inpatient dithranol (IPD) treatment. 

Prognostic factors 

We evaluated with stepwise regression analyses if there were associations between the 

outcome parameters and sex, age, systemic treatment in the past, sums of several 

combinations of baseline thickness scores, non-compliance, end of treatment PASI-score, 

end of treatment area and the interactions of treatment with the latter two and with 

baseline value of the PASI-score and area. 

We found a positive association between treatment duration and the sum of baseline 

thickness scores of the lesions on trunk, arms and legs registered in the PA5I score table. 

A negative association between systemic treatment in the past and clinical response rate 

and number of days in remission was found. Furthermore, we found a positive associa

tion between the clinical response rate and compliance: non-compliance gives a lower 

probability of clearance. An association was also found between the number of days m 
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remission, and the residual area and baseline PASI in the short contact treated group. A 

larger residual area gave shorter remission duration, and a higher baseline PASI gave 

longer remission duration. We also found an association between the relapse rate with 

the end-treatment PASI and baseline PASI in the short contact treated group. A higher 

PASI at the treatment end gave a higher chance on relapse and a higher baseline PASI 

gave a lower chance on relapse within one year. 

Discussion 

UVB and short contact dithranol therapy are equally effective in the treatment of 

moderate to severe psoriasis. Short contact dithranol showed a lower clinical response 

rate and a longer treatment duration compared to inpatient dithranol therapy, whilst the 

remission time was significantly longer. 

We conclude that UVB is a good first choice treatment for patients with moderate to 

severe psoriasis. UVB is not time-consuming for the patient, the nursing and medical 

staff. UVB patient compliance is usually good. The use of UVB is theoretically limited 

because of the dose-related risk of skin cancer. A systematic review of the literature by 

Pasker et al. showed no excess incidence of skin cancer due to exposure of therapeutic 

UVB.'9 It must, however, be noted that available data are scarce and insufficient for 

proper analysis Contra-indications and non-response to UVB (in our study 40%), make 

alternatives necessary. 

Since its introduction the effectiveness of dithranol in plaque psoriasis is unequalled by 

other topical and oral treatments. Inpatient dithranol therapy is highly effective provided 

that, physicians and nurses have adequate training and experience. Dithranol treatment 

is often a last resort for patients with systemic or cutaneous side effects to other anti-

psoriatic treatments.20 In the past dithranol was exclusively used m a hospital setting 

because of the dose-related skin irritation and permanent discoloration of clothing, 

furniture and sanitary."5 The disadvantage of treatment m a clinic is disturbance of social 

life of the otherwise healthy patient and the higher costs. 

Dithranol exerts its action mainly in the first minutes to hours after application.'"2 The 

introduction of easy removable dithranol formulations which can be washed off 

adequately makes short contact therapy possible provided that patients are well 

instructed by an experienced medical team.'5 This treatment modality is complicated 

compared to other usual topical treatments and often causes irritation of uninvolved skin. 

Prevention of and coping with irritation demands an intensified medical assistance.'' 

The present study indicates that partial substitution of inpatient treatment of moderate 

to severe psoriasis to out patient care instruction programmes is feasible. Compliance 

appeared to be an important factor for successful treatment. The clinical response rate 
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decreases after interruption of the treatment, caused by irritation or other factors. 

Especially the success of short contact treatment depends on compliance, so this treat

ment should be reserved to centres with sufficient expertise to guarantee optimal 

instruction and motivation. 

Inpatient dithranol treatment showed a higher relapse rate compared to short contact 

therapy and to UVB. It may well be possible that, due to patient inclusion criteria, in the 

inpatient dithranol treated group harbours a subgroup with more severe psoriasis that 

was well treated but got a faster relapse, while this subgroup failed to reach clearance 

after short contact dithranol therapy. An explanation for the longer lasting remission 

period in the group that was successfully treated with short contact dithranol might be 

that these patients gained more discipline and insight how to treat themselves at home. 

This learning process is one of the objectives of this care instruction programme. 

Remarkably, no associations between the clinical response rate and baseline PASI-score 

and baseline area were found, indicating that psoriasis responsiveness to therapy is not 

well reflected by those parameters. However, an association between treatment duration 

and the sum of thickness scores of the lesions on trunk, arms and legs registered in the 

baseline PASI score was found.This indicates that m our study the thickness of plaques is 

prognostic with respect to treatment duration. Patients with systemic treatment m the 

past are more difficult to treat and show a shorter remission duration indicating that 

systemic treatment m the past may be regarded as a severity measure. 

We found an association between a larger residual area and shorter remission duration 

after short contact therapy. This phenomenon might indicate that a subgroup with 

probably more severe psoriasis can be recognised by the larger residual area prompting 

to optimal maintenance therapy to extend remission periods. 

The results of the present study confirm that UVB and dithranol are highly effective 

treatments. At least 90% improvement of the baseline area was reached by 56% of the 

patients on UVB, by 59% of the patients on short contact dithranol and by 87% of the 

patients on classical inpatient dithranol treatment.These therapies can be considered as 

a standard in the treatment of moderate to severe psoriasis. The effectiveness of 

photochemotherapy approaches the effectiveness of narrow-band UVB, but carries a 

greater risk of inducing skin cancer.212ΐ Acitretin as monotherapy is substantially less 

effective than phototherapy and dithranol.14 Methotrexate and cyclosporin are probably 

not superior to UVB and dithranol as well in the treatment of moderate to severe 

psoriasis, although the heterogeneity of study populations and outcome measures 

makes comparison of the available study results difficult.25 " 
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The efficacy of newly developed single target drugs like alefacept, etanercept and 

infliximab has been demonstrated recently57 The contribution of single target drugs m 

moderate to severe psoriasis should be compared and contrasted with standard treatment 

We studied the (estimated) mean remission periods, which were 328 days for UVB-

phototherapy, 584 days for short contact dithranol treatment and 277 days for inpatient 

treatment The effectiveness of (new) antipsonatic drugs should not only be studied by 

determining response rates but also by remission times m the light of the chronicity of 

the disease 

Limitations of the study 

We investigated the effectiveness of a short contact dithranol instruction programme m 

a pragmatic randomised open controlled multicentre trial In line with the pragmatic 

approach, the patient population between the centres may have differed In 2 centres 

facilities for inpatient treatment were not available Moreover patients with milder 

psoriasis may have preferred randomisation m group III This could explain why the mean 

baseline severity scores of the patients treated m dermatological wards was higher and 

why the clinical effectiveness parameters of inpatient treatment compared with short 

contact dithranol treatment and UVB appears to be underestimated The study was, how

ever, descriptive and did not aim at proving superiority The small imbalance did not lead 

to significant differences in mean severity scores between centres both before and after 

treatment 

The effectiveness of dithranol treatment and phototherapy depends on proper 

individualised dosing schemes In this multicentre study the experience of the nursing 

and medical staff may have varied and therefore may have influenced study results The 

pragmatic approach increases the external validity of the study 

Conclusion 

UVB and dithranol treatments are very effective and safe therapies m moderate to severe 

psoriasis These therapies can be considered as a standard m the treatment of moderate 

to severe psoriasis The effectiveness and safety of new therapies should be compared 

with standard treatment m order to determine the position of these innovations in the 

spectrum of available treatments 
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CHAPTER 3 

Ι 

^^&m^^H 

Characterisation of the response of normal skin 
and uninvolved as well as lesionai skin 
of patients with psoriasis to dithranol 

*• 

This chapter was based on the following publications 

O.Q.J. Swinkels, M. Prins, L.W.J. Birker, M.J.P. Gerritsen, P.G.M, van der Valk, P.C.M, van de Kerkhof. 

The response of normal human skin to single and repeated application of dithranol cream: 

an immunohistochemical assessment. S/i/n Pharmacol Appi Skin Physiol, in press. 

O.QJ. Swinkels, M. Prins, I.MJJ. van Vlijmen-Willems,M.J.P. Gerritsen, P.G.M. van der Valk, P.C.M. van de Kerkhof. 

The response of uninvolved skin of patients with psoriasis to single and repeated application of 

dithranol cream: an immunohistochemical assessment. Skin Pharmacol Appi Skin Physiol, In press. 

O.QJ. Swinkels, M. Prins, MJ.P Gerritsen, I.MJJ van Vlijmen-Willems, P.G.M. van der Valk, P.C.M. van de Kerkhof. 

An immunohistochemical assessment of the response of the psoriatic lesion to single and 

repeated application of high dose dithranol cream. Skin Pharmacol Appi Skin Physiol, in press. 



3.1 The response of normal human skin to single and repeated application of 

dithranol cream: an immunohistochemical assessment. 

Summary 

The irritative response of uninvolved skin is a serious limitation of dithranol therapy m 

psoriasis A characterisation in cell biological terms may be helpful in finding an effective 

counteraction to this well-known irritation Therefore, we studied the effect of single and 

repeated applications of dithranol on normal human skin Besides a clinical evaluation, 

we studied aspects of epidermal proliferation, differentiation and inflammation 

On day 2, after single dithranol challenge, we observed an induction of both the cormf led 

envelope precursor protein mvolucrin and the cross-linking enzyme transglutaminase I 

Subsequently epidermal hyperproliferation was observed with a maximum on day 8 The 

epidermal response to dithranol appeared to be a reinforcement of the barrier function 

Remarkably, however,filaggrm was found to be decreased Profilaggrm breakdown might 

be an attempt to compensate for xerosis of uninvolved skin that accompanies dithranol 

therapy Τ lymphocytes and to a lesser extent polymorphonucleocytes were found to be 

significantly increased The reduction of Langerhans cells suggests a dose dependent 

toxic effect of dithranol or one of its metabolites on Langerhans cells 

The dynamics in the induction of changes after repeated challenge are comparable with 

those after single challenge However, the induction of hyperproliferation following 

repeated application appeared to continue between day 8 and 12 Based on the dynamics 

of dithranol induced irritation, it may be of interest to study the efficacy of mtermittend 

dithranol treatment Our results indicate that an optimal t iming for biopsies m future 

dithranol irritation studies lies between four and eight days after the first dithranol 

challenge 

Introduction 

Dithranol has been a mainstay in the treatment of psoriasis for more than eight decades 

The irritative response of perilesional and uninvolved skin is a serious limitation of 

dithranol therapy Application has to be withdrawn for several days resulting in a 

prolongation of the treatment A characterisation of dithranol irritation m cell biological 

terms might identify new leads to encompass with this limitation 

The aim of the present investigation was to define the response of normal skin to single 

and repeated dithranol challenge Besides a clinical evaluation, we report the dynamics 

of dithranol-mduced changes with respect to proliferation (K1-67 positive nuclei), 

differentiation (filaggrm, transglutaminase and mvolucrin), and inflammation (T cells, 

Langerhans cells and polymorphonuclear leukocytes) 
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Material and methods 

Preliminary investigations on five subjects yielded a marked erythematous response 

after one hour of application of 2% dithranol cream (dithranol 6og, cetiol V 66og, 

cetomacrogol wax 450g, liquid petrolatum 450g, salicylic acid 30g, sorbic acid 4,5g, 

ascorbic acid i,5g,demineralised water up to 3000g) 'whi le repeated applications of this 

cream proved to be well tolerated 

Twelve healthy volunteers, 4 females, 8 males, participated in the study The age varied 

between 22-53 y e a r (M = 28) They had no history of skin disease or atopy None of the 

volunteers used any medication Permission of the Ethical Committee and written 

informed consent from all volunteers were obtained The volunteers were devided into 

two groups of 6 persons In group I (repeated application group) dithranol cream 2% was 

applied once daily during 12 consecutive days on five selected sites of 2 cm 0 of the lower 

back In group II (single application group) dithranol cream 2% was applied only once on 

5 selected sites of 2 cm 0 of the lower back The application time for all sites was 1 hour, 

after which the dithranol cream was removed with water 

Punch biopsies 3 mm were taken on day o, i, 2,4,8 and 12 from group I and on day o, 2,4, 

8,12 and 16 from the volunteers of group II On these visiting days we also performed a 

clinical evaluation, scoring erythema, oedema, vesicle formation and pain or itching on a 

5-point scale The biopsies were embedded in Tissue Tek OCT compound (Miles Scientific, 

Naperville USA), snap frozen in liquid nitrogen and stored at -8o0C until further use 

Sections of 7 pm were cut and fixed during 10 minutes with acetone-ether (60 /40 vol %) 

for the staining with MIB-i and with cold acetone for the other stammgs 

ImmuTiohistochemical assessment 

The following monoclonal antibodies were used MIB-i for K1-67 (dilution! 50, incubation 

30 minutes, Immunotech) was chosen to assess epidermal proliferation Nuclear binding 

with K1-67 indicates that the cell is cycling and has passed the transition point from the 

Go phase23 

We used three differentiation markers MON-iso (dilution 115, incubation 60 minutes, 

Dept Clin Chem , St Elisabeth Hospital, Tilburg, The Netherlands) was used as a mono

clonal antibody against mvolucrm Involucrin is a cytoplasmatic protein precursor of the 

cormfied envelope In normal skin, mvolucrm is found m the granular layer and in the 

upper part of the stratum spmosum'15 Anti-filaggrm (dilution 1500, incubation 45 

minutes, BTI, USA) was chosen as a monoclonal mouse antibody against filaggrm 

Filaggrm is involved in the formation of keratohyalm granules In normal skin it is present 

in the stratum corneum and the granular layer6 Anti-transglutammase (dilution 1 25, 

incubation 60 minutes, BTI, USA), was used as monoclonal anti-human keratmocyte 
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transglutaminase. Keratinocyte transglutaminase is responsible for the cross linking 

process of the precursor proteins (e.g. involucrin and filaggrin) in the cornified envelope. 

In normal epidermis transglutaminase is expressed in the upper stratum spinosum and 

granulosum.7 

Three inflammation markers were used. DAKO-T6 (dilution i:ioo, incubation 9 minutes in 

a microwave oven at 80 watt, Dakopatts, Copenhagen, Denmark) was used as a mono

clonal mouse antibody against Langerhans cells. We used anti-elastase (dilution ι · ιοο; 

incubation 30 minutes; DAKO-elastase, Dakopatts, Copenhagen, Denmark) as a mono

clonal mouse antibody to human neutrophil elastase, to visualise polymorphonuclear 

leukocytes (PMN). DAKO-Tn (dilution i:ioo; incubation 9 minutes in a microwave oven at 

80 watt; Dakopatts, Copenhagen, Denmark) was chosen as a monoclonal antibody 

against Τ lymphocytes. 

Immunohistochemistry 

An indirect peroxidase technique was used for MIB-1, MON 150, anti-filaggrin, anti-trans-

glutammase and anti-elastase. For the T11, and DAKO T6 staining an indirect peroxidase-

anti-peroxidase technique was used. 

Indirect peroxidase technique 

After storage at -8o0C, slides were air-dried.The slides were placed in phosphate buffered 

saline (PBS). The slides were incubated with the antibodies for different periods 

according to the specific antibodies (see above). For transglutaminase a pre-incubation 

step of 15 minutes with 10% normal rabbit serum (NRS) in PBS was performed before 

applying the antibody For anti-elastase a pre-incubation for 20 minutes with 3% 

hydrogenperoxyde in methanol was performed. After two washings with PBS, the slides 

were incubated with rabbit-anti-mouse immunoglobulin conjugated with peroxidase 

RAMPO (dilution i:ioo,Dakopatts, Copenhagen, Denmark) for 30 minutes After two 

washings in PBS the slides were washed m a sodium acetate buffer (pH 4.9) and then 

incubated for 10 minutes in a 3-amino-9-ethylcarbazole (AEC) solution at 370C 

Indirect peroxidase-anti-peroxidase technique 

Staining with T11 and DAKO T6 was performed using an indirect peroxidase-anti-

peroxidase technique (PAP). After storage at -8o0C slides were air-dried. After washing 

during 10 minutes in PBS, the slides were incubated for 20 minutes with 50% NRS in PBS. 

Again after washing the slides in PBS (twice) the slides were incubated for 9 minutes 

with the primary antibody in a microwave oven at 80 watt. After washing in PBS an 

incubation procedure followed with rabbit anti-mouse immunoglobulin (1:25, RAM-lg, 

Dakopatts) for 9 minutes in the microwave oven at 80 watt, followed by two washings in 

PBS and 8 minutes incubation in the microwave oven at 80 watt with PAP-complexes 

(vioo, Peroxidase monoclonal mouse anti peroxidase complexes, Dakopatts, P850). After 
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two washings in PBS the procedure with RAM-lg and PAP-complexes was repeated, and 

after washing in sodium acetate buffer (pH 4.9) the slides were stained with an AEC 

solution (see above). 

Finally, all slides were washed twice with demineralized water, counterstamed with 

Mayer's haematoxylin (Sigma, St Louis, USA) and mounted in glycerine gelatine. 

Histological examination 

Biopsy sections were evaluated light microscopically, the mean of two spots was calculated. 

Epidermal proliferation was measured by counting the number of Ki-67 positive nuclei 

per mm of length of section. 

Differentiation: Involucrin, transglutaminase and filaggrin were assessed by calculating 

the ratio positive cell layers / tota l cell layersof the epidermis. This was done at two sites 

at the tip of the dermal papilla and between two dermal papillae.89 

Inflammation: the dermal infiltrate was subdivided in perivascular and diffuse dermal 

localisation. The epidermal and diffuse dermal inflammatory cells were scored as a 

percentage of the high power field, whereas the perivascular infiltrative cells were scored 

as a percentage of the total number of infiltrative cells. The epidermal, diffuse dermal 

and perivascular dermal, PMN, Τ lymphocytes and Langerhans cells were semi-

quantitatively enumerated: ο = none; 1 = sporadic; 2 = minimal (1-25%); 3 = moderate 

(26-50%); 4 = pronounced (51-75%); 5 = full blown (76-100%). 

Statistical analysis 

For statistical evaluation of proliferation and differentiation scores analysis of variance 

(one factor repeated design) and Duncan's multiple range test was used. To evaluate 

inflammation markers we used Pearson chi-square cross tabulation tables, because of 

the semiquantitative scores varying between ο and 5. 

Results 

Clinical results 

The clinical results of single and multiple dithranol applications are shown m figure 3.1. 

After single application erythema appeared clearly after 48 hours, which started to 

diminish after 8 days, leaving a brownish discoloration. In none of the volunteers in this 

group oedema or vesicle formation were seen, and nobody reported any complaints of 

pain or itching. 

In the group of continuous application, erythema appeared also after 48 hours and 

continued to increase until the end of our experiment. All volunteers had an oedematous 

response on the site of application from day eight onwards, which was very pronounced 

in two volunteers.Three persons showed vesicle formation. Four volunteers reported pain 

and/or itching from day 6 onwards. 
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Figure 3.1 
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Cell biological results after single application 

The cell biological results of single dithranol application are shown in table 3.1 and 3.2. 

A statistically significant increase in cycling epidermal cells compared to the 

unchallenged skin was observed on day eight. On day twelve the number of cycling 

epidermal cells had not reverted to normal values. 

Table 3.1 Epidermal proliferation and differentiation following single application ofdithranol. 

Marker Change (day) p-value* (day) 

MIB-i 

Anti-involucrin 

Anti-transgluta-

minase 

Anti-filaggrin 

Papillary 

Interpapillary 

Papillary 

Interpapillary 

Papillary 

Interpapillary 

8-12 Τ 

2-12 Τ 

2 - 8 Τ 

2-12 Τ 

8-12 4 

4 - 8 I 

0.001 (8) 

< 0.01 (2) 

< 0.01 (2) 

0.03 (2) 

0.03 (8) 

0.03 (4) 

p-value'. this is the p-value from the difference between the score on day ο and the first day of 
significant change (between brackets). 
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Table 3 2 Epidermal, diffuse and perivascular dermal inflammation markers following single 
application ofdithranol 

Marker Change p-value** 

T6 Epidermal I 
Diffuse dermal 1 
Perivascular i 

T11 Epidermal Τ 
Diffuse dermal Τ 
Perivascular Τ 

Anti-elastase Epidermal 
Diffuse dermal Τ 
Perivascular Τ 

ρ value" = overall sigmficancy 

With respect to the differentiation markers we calculated the ratio positive/total cell 

layers at papillary and interpapillary sites For all markers those two numbers showed 

virtually the same course For this reason we will only show and discuss the interpapillary 

ratios From day two on, the interpapillary mvolucrm expression was significantly 

increased The interpapillary expression of transglutaminase was also significantly 

increased from day two on Both markers showed a tendency to normalise on day twelve 

The mterpapillar expression of filaggrm was significantly decreased from day four until 

day eight with a tendency to normalise on day twelve 

Concerning inflammation markers changes of the perivascular dermal infiltrate were the 

most pronounced, diffuse dermal changes showed the same course only less avowed 

Langerhans cells decreased in the perivascular dermal infiltrate after application Our 

results suggest this to bean early event with a normalisation after twelve days, although 

Pearson chi square cross tabulation tables is designed to analyse an overall pattern of 

changes In the epidermal and diffuse dermal compartment no significant changes with 

respect to Langerhans cells were observed Τ lymphocytes were significantly increased m 

the epidermis and m the perivascular dermal infiltrate PMN were not observed in the 

epidermis A significant increase was found diffuse m the dermis Our results suggest 

that the changes in the number of Τ lymphocytes and PMN are rather late events, 

showing tendency to normalise at the end of our experiment, although this could not be 

substantiated using Pearson chi square cross tabulation tables used to analyse an 

overall sigmficancy 

0 0 0 1 

< 0 0 1 

< 0 0 0 1 

0 0 5 
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Table 3.3 Epidermal proliferation and differentiation following repeated 
applications of dithranol. 

Marker 

MIB-1 

Anti-

involucrin 

Anti-

transgluta-

minase 

Anti-filaggrin 

Papillary 

Interpapillary 

Papillary 

Interpapillary 

Papillary 

Interpapillary 

Change 

(day) 

8 - 1 2 

4 - 1 2 

2 -12 

2 -12 

2 - 1 2 

2 - 1 2 

1 -12 

Τ 

τ 
τ 
τ 
τ 

ι 
1 

p-value* 

(day) 

< 0.01 (0-8) 

< 0.01 (0-4) 

0 03 (0-2) 

< 0.01 (0-2) 

0 03 (0-2) 

< 0.001 (0-2) 

0 0 1 (0-1) 

p-value* 

course 

< 0.001(8-12) 

< 0 01 (2-4) 

0.001 (2-4) 

0.03 (2-4) 

0 04 (2-4) 

< 0001 (1-2) 

0.04 (2-4) 

002(4-12) 

p-value'- this is the p-value from the difference between the scores on the days between brackets. 

Cell biological results after repeated application 

The cell biological results of repeated dithranol application have been summarised in 

tables 3.3 and 3.4. 

Between day o and 8 we observed a significant increase of the number of cycling 

epidermal cells. From day 8 onwards a further significant increase of the cycling 

epidermal cells was observed. 

With respect to the differentiation markers interpapillary ratios are shown and discussed 

in analogy with single application. The interpapillary expression of involucrin raised 

significantly from day two onwards, with even a significant raise between day two and 

four. The interpapillary expression of transglutaminase changed significantly on day two 

Table 3.4 Epidermal, diffuse and perivascular dermal inflammation markers following 
repeated applications of dithranol 

Marker Change p-value" 

T6 

T11 

Anti-elastase 

Epidermal 
Diffuse dermal 
Perivascular 

Epidermal 
Diffuse dermal 
Perivascular 

Epidermal 
Diffuse dermal 
Perivascular 

1 
i 
i 
τ 
τ 
τ 

τ 
τ 

OOI 

< OOI 

< 0.001 

< 0.01 

0.02 

< 0.01 

0.03 
0.02 

p-value" = overall significancy 
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and day four The ratio of the mterpapillary expression of filaggrm decreased signifi

cantly one day after application (p = 0,01) and decreased until day four with p-values 

between day 1 and 2 of < 0,001 and between day 2 and 4 of 0,04 

The expression of Langerhans cells showed a significant decrease in all three compart

ments, while the number of Τ lymphocytes showed a significant increase in all 

compartments The expression of PMN demonstrated a significant increase diffuse in the 

dermis and in the perivascular dermal infiltrate 

Discussion 

The response to dithranol is dependent on the concentration, application time and 

frequency of application Appearance of a marked erythema, 48 hours after single 

application, which is more pronounced and increasing after repeated applications, is in 

correspondence with literature '0" 

After single challenge we observed an induction of the cormfied envelope precursor 

protein mvolucrm and the cross-linking enzyme transglutaminase I after two days, 

followed by hyperproliferation on day eight, confirming findings m a previous study "The 

filaggrm expression was significantly decreased on day four Langerhans cells decreased 

early after application This was followed by a significant increase m the number of 

Τ lymphocytes and to a lesser extent of PMN Although there is a lag time of about 20 

hours between the point of no return between G0and C, and the expression of the K1-67 

antigen'3, the dynamics as observed in the present study suggests the importance of the 

suprabasal compartment in the hyperproliferative reaction to skin irritation The 

epidermal response to dithranol appears to bea reinforcement of the barrier function As 

a first rescue of the skin from a challenge, similar dynamics were observed following 

ultraviolet Β irradiation'4, sodium lauryl sulphate application'5 and standardised injury'6 

Therefore, the overall response pattern to dithranol application should be interpreted as 

a common principle to recover from effects of chemical and physical damage to the skin 

Remarkable, however, is a decrease in the expression of filaggrm after dithranol appli

cation Such is at variance for example with the increase m filaggrm expression following 

tapestrippmg '7 Breakdown of profilaggrm leads to the formation of a very concentrated 

pool of free ammo acids and derivatives, which has a water retaining function in the 

stratum corneum 'e Low profilaggrm biosynthesis m the epidermis may be involved in the 

pathogenesis of xerotic skin conditions '9 Profilaggrm breakdown might be an attempt to 

compensate for xerosis of unmvolved skin that accompanies dithranol therapy The 

Langerhans cell is an antigen-presenting cell, an initiator of the immune response and 

involved m aspecific inflammation20 A reduction of Langerhans cells suggests a 

cumulative toxic reaction of dithranol or one of its metabolites on Langerhans cells It is 

postulated that keratmocytes may convert exogenous stimuli like contact allergens and 
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ultraviolet light into cutaneous inflammation, by means of production of cytokines, 

adhesion molecules and chemotactic factors. This results in activation of dermal 

endothelial cells and selective accumulation of specific mononuclear cells in dermis and 

epidermis.1' In the present study, the accumulation of PMN was quantitatively limited 

compared to the increase m Τ lymphocytes. In previous studies, dithranol reduced 

leukotriene B4-induced accumulation of PMN in normal skin" and further it has been 

shown that dithranol inhibits Chemotaxis of PMN m vitro.23 Following single application 

of dithranol, a substantial biological effect is seen on epidermal proliferation, 

differentiation and inflammation as long as 12 days (experimental period). Previously, our 

group has shown that alkaline phosphatase induction, as a measure of skin irritation, 

remained increased fifteen days after dithranol application J4 This rather long lasting 

effect of dithranol is intriguing. It would be interesting to study the effect of single high 

dose dithranol application on the psoriatic lesion to see if a similar prolonged effect is 

seen. Such might imply that the clinical efficacy of intermitted applications of high dose 

dithranol may be a therapeutic approach. 

The dynamics in changes after repeated challenge are grosso modo comparable with 

those after single challenge. A remarkable difference is the substantial increase of the 

number of Ki-67 positive nuclei between 8 and 12 days in subjects receiving daily 

challenges. 

The present study suggests that the best t iming to investigate dithranol inflammmation 

lies between 4 and 8 days following application.The long lasting biological effects of high 

dose dithranol suggest that clinical efficacy of intermitted applications of dithranol 

might be a promising therapeutic approach However, we created a model to study 

dithranol irritation. In a clinical setting it is known that patients react differently to 

dithranol. To guarantee a maximum of efficacy you have to apply a suberythematous 

concentration/time schedule. In most cases we end up using 2% dithranol cream, some

times we even go up to 5%. It must be kept in mind that the long-lasting effects were 

observed as a sequel from a highly irritative dithranol over-dosage schedule not 

applicable for the routine clinical treatment condition. 
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3.2 The response of uninvolved skin of patients with psoriasis to single and 
repeated application of dithranol cream: an immunohistochemical 
assessment. 

Summary 

Dithranol is one of the most effective topical treatments for patients with psoriasis. The 

well known irritation is a serious limitation. In an earlier study we investigated the 

inflammatory response on single and repeated application with dithranol 2% cream in 

skin from healthy volunteers.' In the present study we assessed the clinical and cell 

biological response of single and repeated challenge with dithranol 2% cream in 

uninvolved skin of patients with psoriasis. 

A striking difference between the two studies is the late phase in the single challenged 

group after 8 days, showing a longer lasting response in the uninvolved skin compared to 

normal skin with respect to proliferation and inflammation markers. A controlled and 

synchronised irritation by dithranol might induce anti-inflammatory processes and as 

such constitute an antipsonatic principle. It is attractive to speculate that in psoriasis the 

induction of anti-inflammatory responses is defect. 

Following repeated applications of dithranol a more even tempered course of 

proliferation, differentiation and inflammation markers was observed in the uninvolved 

psoriatic skin as compared to the skin of healthy volunteers. Again a defect in the 

induction of anti-inflammatory responses might account for this event. 

In view of these differences between normal skin and psoriatic uninvolved skin it may be 

advisable to use the uninvolved skin of patients with psoriasis in further studies on the 

interference of dithranol irritancy by various anti-inflammatory agents. 

Introduction 

Dithranol is one of the most effective topical therapies for psoriasis since almost one 

century. Irritation to dithranol is a well known side effect. Previously, we investigated the 

response of the skin of healthy volunteers to dithranol with respect to various aspects of 

inflammation, epidermal growth and keratinization.The outcome of this study was an 

inflammatory response with hyperproliferation and premature keratimzation, which was 

maximally expressed between 4 and 8 days after a single challenge. Remarkably, 

repeated applications resulted in a similar dynamics, however, epidermal proliferation 

was enhanced further after 8 days by repeated applications, whereas markers for 

cutaneous inflammation were not induced any further.' 

Uninvolved skin of psoriatic patients has been reported to respond differently to 

challenges. Following tape stripping an overresponsiveness has been reported.1 The 
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responsiveness to leukotnene B4 has been reported to be decreased ' Therefore, it is 

hazardous to predict the irritative responses of unmvolved psoriatic skin from the data 

obtained in skin of non psoriatic subjects 

The aim of the present study was to define the clinical and cell biological responses of 

unmvolved psoriatic skin to single and repeated challenges with dithranol The 

responses will be compared with the responses to dithranol m skin of healthy volunteers 

Material and methods 

From a study on healthy volunteers we have concluded that 2% dithranol cream4 is an 

optimal concentration to study dithranol responsiveness m clinically unmvolved skin 

Fourteen patients with stable psoriasis, 4 females, 10 males, who had extensive psoriasis 

in their medical history, participated in this study The age varied between 32-80 year (M 

= 52) They had no history of other skin diseases None of the volunteers used any 

medication Permission of the local Ethical Committee and written informed consent 

from all volunteers were obtained The volunteers were devided into two groups of 7 

persons In group I (repeated application group) 2% dithranol cream was applied once 

daily during 12 consecutive days on five selected unmvolved skin sites of 2 cm 0 of the 

lower back In group II (single application group) 2% dithranol cream was applied only 

once on 5 selected unmvolved skin sites of 2 cm 0 of the lower back The application time 

for all sites was 1 hour, after which the dithranol cream was removed with water 

Punch biopsies (3 mm) were taken on day o, 1,2,4,8,12 from group I and on day o, 2,4,8, 

12 and 16 from the volunteers of group II For the biopsy procedure see previous 

publication 5 On the visiting days we also performed a clinical evaluation, scoring 

erythema, oedema, vesicle formation and pain or itching on a 5-point scale 

Immimohistochemical assessment 

We used the following antibodies MIB-i for K1-67 to assess epidermal proliferation, three 

differentiation markers, namely MON-150 as a monoclonal antibody against mvolucrm, 

anti-filaggrm as a monoclonal mouse antibody against filaggrm, and a monoclonal anti-

human keratmocyte transglutaminase to visualise transglutaminase I 

To investigate inflammation we used DAKO-T6 as a monoclonal mouse antibody against 

Langerhans cells, DAKO-T11 as a monoclonal antibody against Τ lymphocytes, and WT14 as 

the monoclonal antibody against monocytes and macrophages 

An indirect peroxidase technique was used for MIB-i, MON 150, anti-filaggrm, and anti-

transglutammase For the DAKO-T6, Tn, and WTi4 staining an avidin-biotm complex 

method (ABC) was used 
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For detailed information concerning immunohistochemistry, histological examination 

and statistical analysis we would like to refer to previous publications.'5 

Results 

Clinical results 

The clinical results of single and multiple dithranol applications are shown m figure 3.2. 

After single application erythema appeared on day 2 (after 48 hours), which started to 

diminish after day 4, leaving a brownish discoloration. In none of the patients in this 

group oedema or vesicle formation was seen and nobody reported any complaints of 

pain or itching. 

In the group of continuous application, erythema also appeared on day 2 (after 48 hours) 

and continued to increase until day nine, remaining stable until the last day of the 

experiment. All patients had an oedematous response on the sites of application varying 

in day from onset between day four and day nine. In two patients this response was 

pronounced. Five subjects showed vesicle formation. Four patients reported itch from day 

8 onwards. 

Figure 3.2 
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Table 3.5 Epidermal proliferation and differentiation following single application ofdithranol 

Marker 

MIB-1 

Anti-
involucrin 

Anti-TGM 

Anti-filaggriTi 

Papillary 
Interpapillary 

Papillary 
Interpapillary 

Papillary 
Interpapillary 

Change 
(day) 

8-12 

2 -12 

2-12 

8-12 

4-12 

4- l6 
4-8 

p-value' 

Τ 

Τ 
î 

Τ 

τ 
ι 
4 

Normalised 
(day) At day 16 

< 0.01 (8) + 

0.02 (2) + 

0 0 5 ( 2 ) + 

< 0.001 (8) + 

< 0.01 (4) -Ι

Ο ο ι (4) 

0.02 (4) + 

p-value'. this is the p-value from the difference between the score on day ο and the first day of 
significant change (between brackets) 

Cell biological results after single application 

The cell biological results of single dithranol application are shown in tables 3.5 and 3.6. 

A statistically significant increase in cycling epidermal cells was observed between day 8 

and day 12. On day 16 the numbers had reverted to normal values. 

The interpapillary involucrin expression was significantly increased on day 2, continued 

to increase until day 4, stayed increased until day 12 and normalised on day 16.The inter

papillary transglutaminase expression was significantly increased on day 4, stayed 

increased until day 12 and normalised on day 16. Interpapillary filaggrin expression was 

significantly decreased from day 4 until day 8 and normalised on day 12. The papillary 

filaggrin expression showed a significant decrease from day 4 until day 16. 

Table 3.6 Dermal and epidermal inflammation markers following single application 
of dithranol. 

Change p-value** 

DAKO 
T6 

T11 

WT14 

Epidermal 
Diffuse dermal 
Perivascular 

Epidermal 
Diffuse dermal 
Perivascular 

Epidermal 
Diffuse dermal 
Perivascular 

I 
i 
τ 
τ 
τ 
τ 

î 

0 02 

ρ-να/ue" = overall significancy 

CHAIACTEHISATION OF THE RESPONSE TO DITHBANOL CHAPTER 3 7 I 



Diffuse dermal Langerhans cells decreased significantly after application. Although not 

significant, our results suggest this to be an early event with a normalisation on day 12. 

Diffuse dermal Τ lymphocytes were found to be significantly increased. In the dermal 

perivascular infiltrate and epidermal compartment no significant changes with respect 

to Langerhans cells and Τ lymphocytes were observed. Concerning monocytes and 

macrophages we found no significant change at all. 

Table 3.7 Epidermal prolifération and differentiation following repeated applications of 
dithranol. 

Marker 

MIB-1 

Anti-
involucrin 

Anti-TGM 

Anti-filaggrin 

Papillary 

Interpapillary 

Papillary 

Interpapillary 

Papillary 

Interpapillary 

Change 
(day) 

8-12 Τ 

1-12 Î 

1-12 Τ 

2-12 î 

4-12 î 

2-12 1 

1-12 i 

p-value* 
(day) 

< o.ooi (0-8) 

001 (0-1) 

0.001 (0-1) 

0.01(0-2) 

0.001 (0-4) 

00002(0-2) 

< O.Ol (0-1) 

p-value* 
course 

< 0.001 (8-12) 

< 001(1-4) 
< 0.01 (4-8) 
0 001 (8-12) 
0.03 (1-2) 
< 0 001 (2-4) 
< 0.001 (4-8) 
< 0.001 (8-12) 

0.001 (2-4) 
< o o o i (4-12) 
< 0.001 (4-12) 

0 03 (2-4) 
0.02 (4-8) 
0 02 (1-2) 
< 0.01 (2-4) 
< 0.001 (4-8) 
< 0.001 (8-12) 

* p-value. this is the p-value from the difference between the scores on the days 
between brackets. 

Cell biological results during repeated application 

The cell biological results during repeated dithranol applications have been summarised 

in the tables 3.7 and 3.8. 

We observed a significant increase of cycling epidermal cells from day 8 onwards. 

Interpapillary involucrin expression raised significantly starting on day 1. Interpapillary 

transglutaminase expression changed significantly on day four, with a significant 

increase up to day 12. Papillary transglutaminase expression changed significantly, 

starting on day 2 up to day 12. The ratio of the interpapillary filaggrin expression 

decreased significantly one day after application and decreased until day 12. Papillary 

filaggrin expression decreased significantly from day 2 until day 12. 
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Table 3.8 Dermal and epidermal mßammation markers following repeated applications of 
dithranol 

Change p-value" 

DAKO Epidermal 
T6 Diffuse dermal 

Perivascular 

Tn Epidermal 
Diffuse dermal 
Perivascular 

WT14 Epidermal 
Diffuse dermal 
Perivascular 

p-value" = overall significane)/ 

The expression of epidermal Langerhans cells showed a significant decrease The number 

of Τ lymphocytes showed a significant increase in all three compartments Concerning 

monocytes and macrophages we found a significant increase m the epidermis and 

diffuse in the dermis 

Discussion 

The present study demonstrates that with respect to proliferation and inflammation, 

single dithranol challenge to unmvolved skin of patients with psoriasis results in 

maximal responses between 4 and 12 days In an earlier study we reported that the same 

proliferation and inflammation markers showed maximal responses between 4 and 8 

days m skin of healthy volunteers' Comparing the response to single application with 

dithranol m unmvolved skin with the response m skin of healthy volunteers the induction 

phase (first 8 days) proved to be similar Also the maximal induction of the individual 

parameters is similar A striking difference between unmvolved psoriatic skin and skin of 

healthy volunteers is the late phase, which was encountered 8 days after the challenge 

with dithranol In skin of healthy volunteers, between 8 and 12 days following one single 

application of dithranol, the mean number of ki-67 positive nuclei decreased by 2%, 

whereas the unmvolved psoriatic skin showed an increase of this proliferation marker by 

30% (figure 3.3 a and 3.3 b) Between days 8 and 12 following one single dithranol 

challenge, the number of Τ lymphocytes decreased by 1 4% and the number of 

Langerhans cells remained equal m skin of healthy volunteers In contrast, m the 

unmvolved skin of patients with psoriasis, between 8 and 12 days following single 

dithranol challenge the number of Τ lymphocytes increased by 22% and the number of 

Langerhans cells increased by 71% (figure 3.4 a and 3.4 b) Of course, comparative 

analysis between two different studies is hazardous as preselection bias or 

methodological differences might influence the results However, the studies have been 

< 0 0 0 1 

< 001 

< 0 0 0 1 

0001 
0 0 3 
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performed at the same department by the same investigators using the same dithranol 

preparation and the same application schedule as in the present study.The ages and sex 

distribution are not different, and both studies have been carried out in the same season. 

Although a statistical evaluation between the two studies is not possible, the remarkable 

differences between uninvolved psoriatic skin and skin of healthy volunteers with respect 

to the late phase of dithranol irritation suggest a relevant difference. 

The long lasting response of the uninvolved psoriatic skin in the late phase of dithranol 

challenge is intriguing and reconfirms earlier observation. It has been reported that 

psoriatic uninvolved skin shows an overresponse to standardized injury during the 

recovery phase.1 Already three decades ago it has been suggested that psoriasis might be 

regarded as a defect in the off-switch of inflammation.6 It is attractive to speculate that 

a synchronised induction of irritation by dithranol might improve the recovery from 

inflammation and as such constitute an antipsoriatic principle. 

Comparing the present study with the study in skin of healthy volunteers, the present 

study shows a more even-tempered course of the expression of the differentiation and 

inflammation markers in the repeated challenged group Such a course is compatible 

with a more prolonged responsiveness of the clinically uninvolved skin of psoriatics due 

to a defect of the hypothesised "off switch" of inflammation in psoriasis. 

In view of the differences in the course of changes with respect to the proliferation, dif

ferentiation and inflammation markers observed in the two studies, it is advisable to use 

the uninvolved skin of patients with psoriasis in future studies on the interference of 

dithranol irritancy by various anti-inflammatory agents 
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Figure 3.3 a 
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Figure 3.4 a 

Skin of healthy volunteers (a) Τ lymphocytes decrease day 8 - 72 = 7% and Langerhans cells 
increase day 8 -12 = 0% 

Figure 3.4 b 
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3.3 An immunohistocheirrical assessment of the response of the psoriatic 

lesion to single and repeated application of high dose dithranol cream. 

Summary 

Dithranol, although a time honoured treatment and from the beginning of the previous 

century still going strong, remains to be an empirical treatment. There is growing 

evidence that the biochemical basis for the mechanism of action of dithranol at the mol

ecular level is related to the redox activity leading to the production of active oxygen 

species, which include singlet oxygen, superoxide anion radical and hydroxyl radical.'2 

Some authors suggest that epidermal proliferation and or keratmization may be the 

target for dithranol3, while others referto aspects of cutaneous inflammation * as crucial 

in the antipsoriatic effect of dithranol. 

The present study aims to analyse the effect of single and repeated applications of 

dithranol on aspects of epidermal proliferation, keratinization and inflammation m the 

psoriatic plaque. The most marked effect of dithranol proved to be on epidermal 

proliferation (the number of Ki-67 positive nuclei) with an early reduction already one day 

following single application. This reduction lasted for 16 days. However, such application 

induced only a modest clinical improvement. Repeated challenges, resulting in a decrease 

of the number of Ki-67 positive nuclei of 66%, led to a substantial clinical improvement 

after 12 days. Repeated challenges resulted in a significant reduction of the number of 

polymorphonuclear leukocytes. However, this reduction was less pronounced as 

compared to the effect on epidermal proliferation. 

It is concluded that epidermal proliferation is a sensitive marker to demonstrate an early 

effect of dithranol. The dynamics of the cell biological responses suggest that 

intermittent applications might be a promising new approach As dithranol does not 

reduce the number of Τ lymphocytes it is attractive to speculate that the combination of 

dithranol with immunosuppressive treatments might be a very effective combination. 

Introduction 

Although dithranol has an established position in the treatment of psoriasis for more 

than eight decades, the mode of action remains unclear. Most authors agree that the 

induction of free radicals is a leading principle.i;2;5;6 However, the question remains 

unresolved to what extent epidermal proliferation, keratmization or inflammation are 

targets for dithranol. 

In normal skin, dithranol induces epidermal proliferation, while in psoriasis an inhibition 

of epidermal proliferation can be seen. While dithranol induces keratin 16 in normal skin7, 

in lesionai skin this agent inhibits this proliferation-associated keratin.' In psoriatic 

lesionai skin dithranol enhances restoration of the filaggrin positive cell layers.' 
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With respect to inflammation the intrinsic contradiction of dithranol becomes evident in 

its most conspicuous way: Dithranol induces irritation in normal skin but it inhibits 

several aspects of inflammation in lesionai skin such as accumulation of 

polymorphonuclear leukocytes. Remarkably, the density of Τ lymphocytes persists even 

after clinical clearing of psoriatic plaques." The persistency of Τ lymphocytes following 

dithranol treatment has been reported some decades ago and this phenomenon has 

been reconfirmed by de Jong et al."9 Dithranol seems to be a compound which may 

interact with epidermal proliferation, differentiation and some aspects of inflammation. 

The question remains to be answered what is the prime cellular target for dithranol. 

Answering this question might provide a rationale for the most optimal combination of 

treatments. 

Therefore, we set out a study to get further information on the relative impact of 

dithranol on epidermal proliferation, differentiation and inflammation. In particular, we 

addressed the question which aspects of epidermal proliferation, differentiation and 

inflammation are reduced following one single and multiple applications of dithranol 

and which aspects are associated with a clinical improvement. 

Material and methods 

Preliminary investigations on unmvolved skin yielded a marked clinical response after 

one hour application of 2% dithranol cream which was well tolerated after repeated 

applications.10 

Twelve patients with psoriasis, 3 females, 9 males, participated in this study Patients had 

at least 6 stable untreated psoriatic plaques on the lower back. The age varied between 

23-69 year (M = 48). They had no history of skin disease or atopy. None of the volunteers 

used any medication. All volunteers started after having applied 10% salicylic acid in 

petrolatum until all desquamation resolved. The volunteers were devided into two 

groups of 6 persons. In group I (repeated application group) dithranol cream 2% was 

applied once daily during 12 consecutive days on five selected psoriatic plaques on the 

lower back. In group II (single application group) dithranol cream 2% was applied only 

once on 6 selected psoriatic plaques on the lower back. The application time for all sites 

was 1 h, after which the dithranol cream was removed with water. 

Punch biopsies (3 mm) were taken on day o, 1,2,4,8,12 from the volunteers of group I and 

on day o, 1,2,4,8,12 and i6from the volunteers of group II. For the biopsy procedure see 

previous publication." On these visiting days we also assessed erythema, induration and 

scaling of the lesions on a 5-point scale (sum score) for clinical evaluation to describe 

improvement and or worsening of the psoriatic plaques. 
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Immunohistochemkal assessment 

The following monoclonal antibodies were used: MIB-i for Ki-67 to assess epidermal 

proliferation, three differentiation markers namely MON-150 as a monoclonal antibody 

against involucrm, anti-filaggrm as a monoclonal mouse antibody against filaggrin and 

anti-transglutammase as a monoclonal anti-human keratinocyte transglutaminase. 

Three inflammation markers were used. Dako T6 was used as a monoclonal mouse 

antibody against Langerhans cells. We used anti-elastase as a monoclonal mouse anti

body to human neutrophil elastase, to visualise polymorphonuclear leukocytes (PMN) 

and DAKO-Tn was chosen as a monoclonal antibody against Τ lymphocytes. 

IrnmuTtohistochernistry 

An indirect peroxidase technique was used for MIB-i, anti involucrm, anti-filaggrin, anti-

transglutammase and anti-elastase. For the Tn, and DAKO T6 staining an indirect 

peroxidase-anti-peroxidase technique was used. 

For detailed information concerning immunohistochemistry, histological examination 

and statistical analysis we would like to referto previous publications.'"' 

Results 

Clinical results (figure 3.5) 

After single application of dithranol a modest clinical efficacy was observed which 

stabilized on day 6. No dithranol irritation was observed within the lesion. 

Figure 3.5 
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In the group of repeated applications all volunteers showed a substantial reduction in 

sum score which became more marked at each visit No signs or symptoms of dithranol 

irritation were observed 

During the experiment we saw no desquamation 

Cell biological results of single application 

The cell biological results of a single dithranol application are shown in figures 3.6, 3.7 

and 3.8 A statistically significant decrease in cycling epidermal cells compared to the 

unchallenged lesion was observed on day ι (p < ο οι) On day 4 the score for day 1 versus 

4 indicated a difference (ρ < ο οι) The decrease persisted until day 12 On day 16 however, 

the number of cycling epidermal cells increased (figures 3.6) 

With respect to each differentiation marker, the ratios positive cell layers/total cell layers 

at papillary and mterpapillary sites were computed For all markers those two numbers 

showed virtually the same course The mterpapillary ratios are shown in figure 3.7 Ratios 

for filaggrm, transglutaminase and mvolucrm showed no significant changes 

No significant changes with respect to Langerhans cells, Τ lymphocytes or PMN were 

observed (figures 3.8) 

Figure 3.6 
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Figure 3.7 
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Figure 3.8 

Inflammation following single application ofdithranol, perivascular dermal infiltrate scores 
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Cell biological results of repeated application 

The cell biological results of repeated dithranol applications have been summarised in 

figures 3.9, 3.10 and 3.11. We observed a significant decrease of cycling epidermal cells 

from day 1 onwards, scores on day 2 versus day o (p < 0.001), day 2 versus day 1 (p = 0.04) 

and day 12 versus day 2 (p = 0.04). 

With respect to the differentiation markers, ratios for filaggrin, transglutaminase and 

involucrin showed no significant changes. 

No significant changes with respect to Langerhans cells or Τ lymphocytes were observed. 

The expression of PMN demonstrated a significant decrease with respect to the 

perivascular dermal infiltrate (p = 0.05). Changes in epidermis and diffuse in the dermis 

were not significant. 

Figure 3.9 
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Figure 3.10 

Epidermal differentiation following repeated once daily application ofdithranol dunng twelve 
days Interpapillary ratios for filaggnn, transglutaminase (TCM) and involucnn mean ± SEM 

Figure 3.11 
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Discussion 

The present study reconfirms that dithranol inhibits epidermal proliferation and 

accumulation of PMN following application of dithranol to the psoriatic lesion.9 No effect 

on the differentiation markers filaggrm, transglutaminase and involucrin was observed. 

In line with previous studies, no tendency for a reduction of the number of Τ lymphocytes 

or Langerhans cells was observed.9 Our results show that the overall characteristic of 

dithranol is an intervention with epidermal proliferation and neutrophil accumulation. 

Remarkably, we did not observe a substantial effect on Τ lymphocytes and Langerhans 

cells while it is well known that these cells play an important role in the immunopatho-

genesis of psoriasis. However, there is of course not one single prime target of dithranol, 

but a large spectrum of (nearly) equally important subcellular and cellular targets 

described by several generations of researchers during the last decades, including the 

antiproliferative effect upon keratmocytes now reconfirmed by the present study. 

Following single and repeated applications of dithranol, the most pronounced effects 

were on epidermal proliferation, i.e. a substantial reduction of the number of K1-67 

positive nuclei, which in the present study appeared to be an early event, occurring 

already one day after single application of dithranol. A striking observation was the long 

period of suppression of epidermal proliferation up to day 16 after one single application. 

One single application resulted in 54% reduction of the number of Ki-67 positive nuclei 

after 4 days which persisted until the end of our experiment. Sixteen days after single 

application we observed 42% reduction of the number of Ki-67 positive nuclei, which 

however, resulted only in a modest clinical improvement. After 12 applications the 

number of Ki-67 positive nuclei were reduced 66%. It is of importance that 12 

applications resulted m a substantial clinical improvement. The interference with 

epidermal differentation did not occur following single and repeated applications of 

dithranol. In contrast, van der Vleuten ei al. reported an early and significant increase of 

filaggrin expression following low dose dithranol (o,i% using the same cream as vehicle).' 

The concentration of dithranol seems to be relevant for the effect on epidermal 

differentation. 

Single applications of dithranol had no effect on various inflammation markers; in 

contrast multiple applications of dithranol induced a statistically significant reduction of 

PMN accumulation without reducing the number of Τ lymphocytes and Langerhans cells. 

The reduction of the number of PMN is less marked as compared to the substantial effect 

on epidermal proliferation. 

Assessment of epidermal proliferation proved to be an outstanding approach to 

quantify dithranol efficacy at the cellular level. In both groups, already one day after 

application, a reduction could be shown. As a substantial clinical efficacy was not seen 
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following single dithranol application, but appeared after 12 applications resulting m a 

66% reduction in Ki-67 positive nuclei, it is attractive to speculate that a certain 

threshold of epidermal proliferation reduction should be reached in order to result m a 

clinical improvement. On the other hand, the prolonged inhibition of epidermal 

proliferation suggests that intermittent treatment might be indicated. An approach of 

intermittent applications of dithranol resulting in an inhibition of epidermal proliferation 

beyond the above mentioned threshold might be sufficient and more popular as 

compared to the classical once daily applications. As dithranol does not reduce the 

number of Τ lymphocytes, it is attractive to speculate that the combination of dithranol 

with immunosuppressive treatments might be a very effective combination. In this 

respect the combination with phototherapy (UVB) or topical corticosteroids may be 

suitable combination regimes. 
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CHAPTER 4 

PVV 

Innovations of dithranol treatment based on new 
insights in the in vivo actions of dithranol 

This chapter was based on the following publications 

O.O.J. Swinkels, M. Kucharekova, M. Prins, M.J.P. Gerritsen, P.G.M, van der Valk, PCM. van de Kerkhof. 

The effects of topical corticosteroids and a coal tar preparation on dithranol induced irritation in 

patients with psoriasis. Skin Pharmacol Appi Skin Physiol, in press. 

O.QJ.Swinkels, M. Prins, E.F.A. Tosserams, M.J.P. Gerritsen, P.G.M, van der Valk, P.C.M, van de Kerkhof. 

The influence of a topical corticosteroid on short contact high dose dithranol therapy. 

Br J Dermatol 2001; 145:63-69. 

O.QJ. Swinkels, M. Prins, M. Kucharekova,T. de Boo, MJ.P. Gerritsen, P.G.M, van der Valk, PCM. van de Kerkhof. 

Combining lesionai short contact dithranol therapy of psoriasis with a potent topical 

corticosteroid. Br J Dermatol, in press. 



4-1 The effects of topical corticosteroids and a coal tar preparation on dithranol 

induced irritation in patients with psoriasis. 

Summary 

Since more than 80 years dithranol is a mainstay in the treatment of psoriasis. Although 

a safe approach, the irritation of the clinically uninvolved perilesional skin remains a 

major limitation of this treatment. Corticosteroids and coal tar solution have an anti

inflammatory potential. The aim of the present study was to investigate the clinical and 

cell biological effects of two topical corticosteroids and a coaltar preparation on 

dithranol irritation. 

During four consecutive days, dithranol 2% cream was equally applied to six uninvolved 

skin sites (0 3 cm) on the lower back of 9 patients with psoriasis. Dithranol was left on the 

skin for one hour, after which it was removed with water and soap and the skin was dried 

with a towel. Subsequently site one was treated with 005% clobetasol-17-propionate 

ointment (CP), site two with unguentum cetomacrogolis (vehicle 1), site three with 

0.005% fluticasonpropionate ointment (FP), site four with 10% coal tar solution m 

lanettewax cream (CTS), siteßvewas left untreated (control) and site six was treated with 

lanettewax cream (vehicle 2). Every day erythema, oedema and vesicle formation was 

scored. On day 5, punch biopsies were taken from the six sites. The expression of 

epidermal proliferation, differentiation and inflammation markers and the clinical 

irritation scores indicate that the application of a strong potency corticosteroid (CP) is the 

best approach to mmimalize dithranol irritation whereas CTS had virtually no effect on 

dithranol irritation using a 4 day experimental model. 

Introduction 

Dithranol has been a main therapeutic agent for the topical treatment of psoriasis since 

1916. Although it is a well-know irritant of the symptomless skin, it is a frequently applied 

treatment for almost a century. Although corticosteroids and coal tar solution (CTS) have 

been used to treat dithranol irritation, controlled studies on their effect are contra

dictory. Previously, it has been shown that pretreatment with CP' and betamethasone-

valerate' results in a reduction of the inflammatory reaction. On the other hand, Misch 

ei al. suggested that dithranol erythema represents a betamethasone-17-valerate 

resistant form of inflammation.' Puschman concluded that dithranol irritation is a hydro

cortisone 1% and clobetasol-17-propionat resistant form of irritation.'' Juhlin observed no 

effect of betamethasone, while fluocinolone augmented the irritative response.5 Van de 

Kerkhof and Timmerman studied the effect of CP and crude coal tar on dithranol 

irritation in uninvolved skin: both agents did not influence dithranol-induced erythema, 

but in contrast had a synergistic effect on the induction of alkaline phosphatase (ALP) as 
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a direct reflection of the metabolic activity of endothelial cells. The authors concluded 

that CP and crude coal tar are not indicated for the treatment of dithranol irritation but 

rather suggested that both agents aggravate dithranol irritancy.6 The aim of the present 

study was to investigate the clinical and cell biological changes in uninvolved skin of 

psoriatic patients after modulating dithranol irritation in an experimental model with 

topical corticosteroids, coal tar solution and their vehicles. 

Materials and methods 

Nine patients with psoriasis affecting more than 5% of the body surface participated in 

the present study. The patients had no signs or a history of other diseases of the skin or 

keloid-forming scars. Unstable psoriasis, oral anti-psoriatic medication, antihistaminic's, 

NSAID's and immunosuppressiva were exclusion criteria. The group consisted of two 

females and seven males. Their ages were between 42 and 82 years. Approval of the 

medical ethical committee was obtained and informed consent forms were signed. 

Preliminary investigations in five subjects revealed a marked clinical response to 2% 

dithranol7 after one hour of application, while being well tolerated after repeated 

applications. In the present study the following model was applied to study dithranol 

irritation. For four consecutive days, dithranol 2% cream was equally applied to six 

uninvolved skin sites (0 3 cm) on the lower back of the nine patients. Dithranol was left 

in situ for one hour, after which it was removed by water and soap, and the skin was dried 

with a towel. Subsequently, site one was treated with 0.05% clobetasol-17-propionate 

ointment (CP), site two wi th unguentum cetomacrogolis approaching the ointment base 

of CP and 0.005% fluticasonpropionate ointment (FP) (vehicle 1), site three with FP, s/'te 

four with io% coal tar solution in vaselinum album cremor lanette I ana partes (CTS), site 

five was left untreated (control) and site six was treated with vaselinum album cremor 

lanette I ana partes (vehicle 2). During day ο, i, 2,3, before dithranol application and at day 

4,24 hours after the fourth dithranol application, just before taking the biopsies, clinical 

scoring was performed. On day 4,3 mm punch biopsies were taken from the six sites. For 

detailed information on the biopsy procedure see previous publications.89 

Clinical assessment 

Erythema, oedema and vesicle formation were scored on a 5-point scale: o = absent, 

1 = minimal, 2 = moderate, 3 = marked and 4 = pronounced. 

Immunohistochemical assessment 

The monoclonal antibody MIB-1 for nuclear expression of Ki-67 was chosen to assess 

epidermal proliferation. 

We used two differentiation markers· a monoclonal antibody against involucrin (MON-

150) and a mouse monoclonal antibody anti-human keratinocyte transglutaminase. 
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Three inflammation markers were used. Anti-elastase, as a monoclonal mouse antibody 

to human neutrophil elastase, was used to visualise polymorphonuclear leukocytes 

(PMN). Tn was used as a monoclonal antibody against Τ lymphocytes. WT14 was used as 

a monoclonal antibody against CDi4-positive cells, which represent monocytes and 

macrophages. 

An indirect peroxidase technique was used for MIB-1, MON 150, anti-transglutaminase 

and anti-elastase. For the Tn and WTi4 staining the avidin-biotin method (ABC method) 

was used. 

For detailed information concerning immunohistochemistry, histological examination 

and statistical analysis we would like to refer to previous publications.89 

Table 4.1 Mean clinical erythema scores ± SEM and p-values between CP and all the other 
treatments, m case of CTS also between FP and CTS 

Treatment 

CP 

Vehicle 1 

FP 

CTS 

Control 

Vehicle 2 

D a y i 

o ± 0 

0 ± 0 

0 ± 0 

0 3 1 0 2 3 

01 ± o n 

0 ± 0 

Day 2 

0 4 ± 0.29 

1-3 ± 0.33 

1.2 ± 0 27 

1 8 ± 0.32 

1.4 ±0.29 

1.3 ± 0.28 

Days 

Li ± 0 45 

2.1 ± 0.26 

1.8 ± 0 43 

2.4 ±0.29 

2.3 ± 0 2 3 

2.0 ± 0.37 

Day 4 

1.61041 

2-7 ± 0.33 

2.21032 

2.9 + 0.26 

2.9 1 0 26 

2.4 + 0.29 

p-value 

* 

0.001 

001 

< 0.001 

001 

< 0.001 

< 0.01 

'At day 4 erythema scores at CP test sites were significantly decreased compared to the other s 
test sites. 

Results 

Clinical results 

Table 4.1 summarises erythema scores. In none of the volunteers oedema or vesicle 

formation were noticed. 48 Hours after the first dithranol application all volunteers 

showed an erythematous reaction on the control site, which increased up to day 4. 

96 Hours after the first dithranol application we noticed a maximum of irritation. 

P-values of the statistical analysis of the responses at day 4 of the six different test sites 

are shown in table 4.1. The erythematous reaction on the vehiculum 1 and the vehiculum 

2 site were comparable to that on the control site on all days. CP suppressed the 

erythematous response in the majority of the volunteers on day 2. Two patients showed 

pronounced irritation. Even on day 3, there were still 5 volunteers who did not show any 

irritation, and on day 4 eight out of nine volunteers showed mild irritation while the 

ninth did not show irritation at all. On day four CP significantly reduced of erythema 
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scores as compared to all other treatments At the FP treated site irritation started on day 

2 increasing further on day 3 in eight volunteers. However, on day 4 in none of the 

volunteers a significant reduction of the erythematous response to FP was observed as 

compared to the control site. At the CTS treated site we already observed pronounced 

irritation in 2 volunteers at day 1. On day 2, eight volunteers showed irritation and on day 

3 all volunteers showed pronounced irritation. On day 4, we noted a significant increase 

of the erythematous response compared to the CP and the FP treated site. 

Remarkably, in one patient we observed sharply demarcated annular islands of normal 

appearing skin, even on day 4, within the erythematous test sites. 

Cell biological results 

The cell biological results 24 hours after the fourth dithranol application (96 hours after 

the first) have been summarised in tables 4.2 and 4.3. 

The staining for epidermal proliferation (KÌ67 staining) revealed less cycling epidermal 

cells on the CP treated site in comparison with the control site (p = 0.02) while the CTS 

treated site showed a significant higher number of cycling cells, m comparison with the 

site treated wi th CP (p < 0.01). 

Evaluating the epidermal differentiation markers we found a significant difference of the 

papillary involucrm ratio between the CP treated site and the control site (p = 0.04). The 

CTS treated site showed a significant higher ratio in comparison with the site treated 

with CP (p = 0.01), but also compared to the site treated with vehicle 1 (p = 0.05) and the 

site treated wi th vehicle 2 (p = 0.05). Transglutaminase expression revealed no 

statistically significant differences. 

Table 4.2 Mean value ± SEM of proliferation and differentiation markers 24 hours after the 
fourth dithranol application 

Treatment Ki-67 p-value Involucrin Involucrin p-value TOM TCM 
Interpapillary papillary Interpapillary paplllary 

CP 5 ±1.8 0.28 ±0.06 o 42 ±0.06 0.30 ±0.05 0.47 ± 0 0 7 

Vehicle 1 19.2 ± 6.8 0.26 ± 0.04 0.46 ± 0.05 0.05 (CTS) 0.27 ± 0.03 0.47 ± 0.04 

FP 13.7 ±4.0 0.28 ± 0.04 0.49 ± 0.05 0.30 ± 0.04 0.55 ± 0 0 5 

CTS 26.8 ± 6 . 5 < o 01 (CP) 0.30 ± o 0 4 0.55 ± 0.05 0.01 (CP) 0.32 ± o 03 0.55 ± 0.04 

Control 23.315.1 oo2(CP) 0 .301003 0.5110.04 0.04 (CP) 03110.02 0.4610.04 

Vehicle! 12.9 + 4 2 026 + 0.05 0 . 4 6 1 0 0 5 0.05 (CTS) 0 2 6 1 0 . 0 4 0.51 + 005 

P-value between treatment and treatment between brackets only mentioned if significant 
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Table 4.3 Mean value ± SEM of mßammation markers in the six treated sites 24 hours after the fourth 
dithranol application 

Treatment Τ lymphocytes Monocytes and macrophages Polymorphonuclear cells 

Epidermal Diffuse Pen Epidermal Diffuse Pen- Epidermal Diffuse Pen 

dermal vascular dermal vascular dermal vascular 

CP 0 7 ± 0 2 i i ± o . i i . 9 ± 0 2 07±o.i7 12 ±0.15 2.0 ± ο o o ± o 091011 031017 

Vehicle 1 1.0±ο 1.3 + 0.2 2 4±o.2 1.0 + 0 1810.15 2.1 ±011 0 . 0 ± ο ο8±015 0.4+017 

FP o g i o i i i ± o i 2.0 ± ο o 8 ± o i 7 171017 221015 01 + 011 071017 0 0 1 0 

CTS 1.010 1 3 1 0 2 28 + 03 1 0 1 0 201017 2.6+024 02 + 015 ο g +011 041017 

Control 1.010 1 4 1 0 2 2.710.2 10 + 0 i . g i o i i 2.71023 o i i o . n 081015 021015 

Vehicle 2 1 0 1 0 1.2 + 02 2.410.3 10 + 0 i g i o . n 22+015 0 0 + 0 ο g 1011 0.4+017 

Only significant p-values are summarised below 

The epidermal Τ lymphocyte scores of the CP site were significantly lower compared to the scores of 

vehicle 7, control and the vehicle 2 sites (p = 002) 

The epidermal monocytes and macrophages scores of the CP site were significantly lower compared to 

the scores of vehicle 7, control and the vehicle 2 sites (p = ο 02 ) 

The diffuse dermal monocytes and macrophages scores of the CP site were significantly lower compared 

to the scores of vehicle 7, control and the vehicle 2 sites (ρ <ooi ) 

W i t h respect t o i n f l a m m a t i o n , ep idermal Τ cell a c c u m u l a t i o n at t h e CP t reated site w a s 

f o u n d t o be s ign i f icant ly reduced compared t o t h e sites t r e a t e d w i t h vehicle 1, vehicle 2 

and t h e c o n t r o l site (p = 0.02). The occurrence o f m o n o c y t e s a n d macrophages at t h e CP 

t r e a t e d site w a s s igni f icant ly reduced in t h e ep idermis (p = 0.02) and dif fuse in t h e 

d e r m i s (p < 0 0 1 ) in c o m p a r i s o n t o t h e sites t r e a t e d w i t h vehicle i, vehicle 2 and t h e 

contro l site. Ant i-elastase (PMN) s t a i n i n g did not reveal s i g n i f i c a n t differences b e t w e e n 

t h e test sites. 

Discussion 

We invest igated t h e cl inical and cell biological changes af ter i n f l u e n c i n g d i thranol i r r i ta

t i o n by t o p i c a l cort icosteroids, a coal tar so lut ion and t h e i r vehicles m uninvolved skin o f 

pat ients w i t h psoriasis. Clinical observat ion s h o w e d t h a t , a l t h o u g h t h e major i ty o f 

pat ients (e ight o u t o f nine) d e m o n s t r a t e d an i n f l a m m a t o r y r e a c t i o n 48 hours after t h e 

f i rs t d i t h r a n o l appl icat ion, d i t h r a n o l i r r i t a t i o n was already m a n i f e s t after 24 hours 

(1 pat ient) . The m a x i m a l i r r i t a t i o n was observed at day 4 (24 hours after the f o u r t h 

d i t h r a n o l appl icat ion). The appearance o f i r r i t a t i o n 24-48 hours af ter d i thranol applica

t i o n is in correspondence w i t h l i terature."" The response t o d i t h r a n o l is dependent on t h e 

c o n c e n t r a t i o n , appl icat ion t i m e and f requency o f a p p l i c a t i o n . The sharply demarcated 

annular islands o f n o r m a l a p p e a r i n g skin w i t h i n a p r o n o u n c e d e r y t h e m a of test sites 
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even on day 4 in one patient is intriguing. It is attractive to speculate that previous 

psoriatic lesions or initial psoriatic involvement below the clinical threshold was present 

causing resistance to dithranol. 

CP treatment significantly suppressed the erythematous response to dithranol, whereas 

CTS seemed to have no effect. In a pilot study (n = 10) with the same design we found no 

effect of CTS, confirming the present findings. In an earlier study we investigated the 

influence of CP 0,05% ointment on dithranol short contact therapy showing a reduction 

of perilesional irritation at the cellular level although this effect was not expressed by 

reducing dithranol erythema " In the present study, coal tar solution had no inhibitory 

effect on dithranol irritation, confirming findings in several previous studies.6"12 Other 

authors found that combined therapy of dithranol and coal tar augmented the rate of 

clearance of psoriasis and diminished dithranol irritancy1''4, explaining its widespread 

and long-established clinical use.'5'9 It has been suggested that this effect is caused by 

the inactivation of dithranol by coal tar. i 0 The addition of coal tar results in a rapid oxi

dation of dithranol into its ineffective oxidation products, danthron and dithranol dimer.'1 

The contradictory results may be explained by the fact that crude coal tar preparations 

and coal tar solution preparations are not identical concerning the described effects. 

K1-67 is a suitable marker of dithranol irritation. De Zwart et al. " observed a significant 

increase of Ki-67 positive cells after 48 hours of dithranol application Epidermal 

proliferation, Ki-67 staining, revealed less cycling epidermal cells on the site treated with 

CP m comparison with the control site (p = 0.02), while the site treated with CTS showed 

a significant higher number of cycling cells, in comparison with site 1 (p = 0.005). 

Evaluating the epidermal differentiation markers we found a significant difference of the 

papillary involucrin ratio between the site treated with CP and the control site (p = 0.04). 

The site treated with CTS showed a significant higher ratio in comparison with the site 

treated with CP (p = 0.01), the site treated with vehicle 1 (p = 0.05) and the site treated 

with vehicle 2 (p = 0.05). Concerning inflammation, epidermal Τ cells, monocytes and 

macrophages and diffuse dermal monocytes and macrophages were found to be 

significantly reduced on the site treated with CP. Those effects underline the clinical 

results and confirm strong potency corticosteroids (CP) as the best treatment for 

dithranol irritation. 

The present study, using a model of 4 days short contact dithranol challenge of the 

unmvolved skin of patients with psoriasis, suggests that CP is effective in reducing 

dithranol erythema, whilst CTS is not. The role of CP and CTS in reducing dithranol 

irritation during treatment of psoriatic plaques remains controversial. 
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4-2 The influence of a topical corticosteroid on short contact high dose 

dithranol therapy 

Summary 

Background Since more than 80 years dithranol is known to be effective in psoriasis. 

However, the perilesional and uninvolved skin often show irritation during dithranol 

treatment, which limits its use. As the relapse rate of psoriasis is worsened by adding 

corticosteroids to a dithranol regime, the use of topical corticosteroids to reduce 

dithranol irritation is controversial. 

Objectives The aim of the present study was to investigate the clinical and cell biological 

effect of clobetasol-17-propionate 0.05% ointment on dithranol treated lesionai and 

perilesional skin. 

Methods For 17 consecutive days, 2% dithranol cream was applied on two test sites. 

A 3"1 site was left untreated on all participating patients (n = 8). All sites consisted of a 

lesionai as well as a perilesional area localised on the back. After 1 hour, the cream was 

washed off, and subsequently one site was treated once a day with clobetasol-17-

propionate 0.05% ointment .The second site was treated once daily with the vehicle. On 

day 17, punch biopsies were taken from the lesionai and perilesional area of all test sites. 

We performed a immunohistochemical investigation using markers to visualise 

proliferation, differentiation and inflammation. 

Results The sum scores (erythema + induration + scaling) of the lesion treated with 

dithranol/clobetasol showed a pronounced reduction. These scores were significantly 

reduced compared to the sum scores of the lesion treated with dithranol/vehicle. 

Comparing the two treated lesions, we observed a lower number of cycling epidermal 

cells in the dithranol/clobetasol lesion and a significant lower perivascular dermal score 

of Τ lymphocytes. Comparing the perilesional skin of the two treated sites we observed 

less cycling epidermal cells in the dithranol/clobetasol treated site. Regarding 

perilesional differentiation, the mterpapillary involucrin expression was higher in the 

dithranol/clobetasol treated site. With respect to perilesional inflammation the 

expression of dermal PMN, monocytes, macrophages and Τ lymphocytes in the dermal 

infiltrate were significant lower in the dithranol/clobetasol treated site. 

Conclusion The addition of clobetasol-17-propionate enhanced the antipsoriatic efficacy 

of dithranol by interfering with Τ cell accumulation and epidermal proliferation. The 

addition of a corticosteroid reduced perilesional dithranol inflammation at the cellular 

level, although this effect is not expressed clinically by reducing dithranol erythema 
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Introduction 

Since more than 80 years dithranol is a mainstay in the treatment of psoriasis.'Although 

a safe approach, the irritation, mainly of the perilesional and uninvolved skin, remains a 

major limitation of this treatment. As steroid-treated psoriasis is intolerant to dithranol, 

the use of corticosteroids combined with dithranol is controversial. The relapse rate of 

psoriasis is worsened by adding corticosteroids to a dithranol regime.2 The reports on the 

effect of topical corticosteroids on dithranol irritation are contradictory. Some studies 

indicate that the addition of a topical corticosteroid reduces dithranol irritation3 and 

other studies indicate that corticosteroids might enhance dithranol irritation.4 

The aim of the present study was to investigate the clinical and cell biological effect of 

clobetasol-17-propionate 0.05% ointment on lesionai severity and perilesional irritation 

including the effect on the Woronoff zone5 after short contact application of dithranol 2% 

cream. The Woronoff zone was first described by Woronoff and constitutes a white 

blanching ring which one can see occasionally around the psoriatic lesion 6 

Material and methods 

Eight patients with stable psoriasis vulgaris, affecting more than 5% of the body surface, 

participated in this study. Exclusion criteria were other treatment for psoriasis, anti

histamines, non-steroidal anti-inflammatory and immunosuppressive drugs. Prior to the 

study they had received no topical treatment for at least two weeks, or systemic treat

ment for at least one month. Permission of the local Ethics Committee and written 

informed consent from all patients were obtained. 

Preliminary investigations in five subjects revealed a marked clinical response of 2% 

dithranol cream (dithranol 6og, cetiol V 66og, cetomacrogol wax 450g, liquid petrolatum 

450g, salicylic 30g, sorbic acid 4,5g, ascorbic acid 1,5g, demineralised water up to 3000g) 

after one hour application, while being well tolerated after repeated 

applications. For 17 consecutive days, dithranol cream was applied on two sites. A third 

site was left untreated on all participating patients. All sites consisted of a lesion with a 

perilesional area of about three centimetres on the back. After 1 hour, the cream was 

washed off. Subsequently one site was treated with clobetasol-17-propionate 

(dithranol/clobetasol) and one site with the vehicle of clobetasol-i7-propionate 

(dithranol/vehicle).The patients visited our department on days o, 3, 6,10,14 and 17. At 

each visit, erythema, induration and scaling of the lesions were unblinded assessed on a 

5-point scale (sum score). For perilesional skin we estimated severity of erythema on a 

5-point scale. On day 17, lesionai and perilesional punch biopsies (3 mm) were taken from 

the three sites, snap frozen in liquid nitrogen and stored at -8o0C until further use. 
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Sections of 7 pm were cut and fixed during 10 minutes with acetone-ether (60 / 40 vol %) 

for the MIB-i staining and for the other stammgs with cold acetone During the 

follow-up period of six weeks we assessed lesionai sum scores unblmded 

Immunohistochemical assessment 

The following monoclonal antibodies were used 

MIB-i for nuclear expression of K1-67 (dilution 1 50, incubation 30 minutes, Immunotech) 

was chosen to assess epidermal proliferation Nuclear binding wi th K1-67 indicates that 

the cell is cycling and has passed the transition point from the G0 phase , 8 9 

A monoclonal antibody against mvolucrm'0 MON-iso (dilution 115, incubation 60 

minutes, Dept Clin Chem ,St Elisabeth Hospital, Tilburg, The Netherlands) was used as 

differentiation marker 

Three inflammation markers were used Anti-elastase (dilution 1100, incubation 30 

minutes, DAKO-elastase, Dakopatts, Copenhagen, Denmark) a monoclonal mouse anti

body to human neutrophil elastase was used to visualise polymorphonuclear leukocytes 

(PMN) DAKO T11 (dilution 1 100, incubation 60 minutes, DAKO-Tn, Dakopatts, 

Copenhagen, Denmark) was used as a monoclonal antibody against Τ lymphocytes WT14 

(dilution! 100, incubation 60 minutes, Dept of Medicine, Division Nephrology, University 

Hospital of Nijmegen, The Netherlands) was used as a monoclonal antibody against 

monocytes and macrophages " 

An indirect peroxidase technique was used for MIB-i, MON 150, and anti elastase For the 

T11 and WT14 staining the avidm-biotm method (ABC method) was used 

Indirect peroxidase technique 

After storage at 8o0C, slides were air-dried The slides were placed m phosphate buffered 

saline (PBS) for 10 minutes The slides were incubated with the antibody for different 

periods according to the specific antibodies (see above) For the transglutaminase 

staining an pre-mcubation step of 15 minutes with 10% normal rabbit serum (NRS) in PBS 

was performed before applying the antibody and for anti-elastase a pre incubation for 20 

minutes with 3% hydrogenperoxyde in methanol was performed Slides were then rinsed 

twice m PBS and incubated with rabbit-anti-mouse immunoglobulin conjugated wi th 

peroxidase RAMPO (dilution 1100, Dakopatts, Copenhagen, Denmark) for 30 minutes 

After two washings in PBS, the slides were washed m a sodium acetate buffer (pH 4 9) 

and then incubated for 10 minutes in a 3-amino-9-ethyl-carbazole (AEC) solution at 370C 

The avidm-biotm method 

After storage at 8o0C, slides were air-dried They were rinsed in PBS for 10 minutes and 

premcubated with 20% normal horse serum (NHS) for 15 minutes The antibody (T11 or 

WT14) was applied and incubated for 60 minutes The slides were washed in PBS t w o 
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times for io minutes and incubated with horse antimouse IgG biotmylated (dilution 

ι 200, Vectastam ABC-elite kit, Vector Laboratories, Burlmgame) for 30 minutes After 

washing the slides 2 times 10 minutes in PBS an incubation step with the ABC-complex 

(dilution 1 50, Vectastam ABC elite kit, Vector Laboratories, Burlmgame) for 30 minutes 

followed After two washings in PBS, the slides were washed m a sodium acetate buffer 

(pH 4 9) and then incubated for io minutes AEC solution at 370C 

Finally, all slides were washed with demmeralized water, counterstamed with Mayer's 

haematoxylm (Sigma, St Louis, USA) and mounted m glycerine gelatine 

Histological examination 

Biopsy sections were blinded evaluated light microscopically, the mean of two high 

power fields was calculated 

Epidermal proliferation was measured by counting the number of K1-67 positive nuclei 

per mm of length of section 

Involucrm was assessed by calculating the ratio of positive cell layers / total cell layers of 

the epidermis, at the tip of the dermal papilla and between two dermal papillae 

The dermal infiltrate was subdivided in perivascular and diffuse dermal localisation " 

The epidermal and diffuse dermal mflammatoiry cells were scored as a percentage of the 

high power field, whereas the perivascular infiltrative cells were scored as a percentage 

of the total number of infiltrative cells The epidermal, diffuse dermal and perivascular 

dermal, PMN, T-lymphocytes and monocytes & macrophages were semiquantitatively 

enumerated o = none, 1 = sporadic, 2 = minimal (1-25%), 3 = moderate (26-50%), 

4 = pronounced (51-75%), 5 = full blown (76-100%) 

Statistical analysis 

For statistical evaluation of lesionai sum scores and perilesional erythema, analysis of 

variance two factor design one factor repeated and Duncan's multiple range test were 

used 

For statistical evaluation of proliferation and differentiation scores, analysis of variance 

(one factor repeated design) was used and Duncan's multiple range test To evaluate 

inflammation markers we used Pearson chi-square test for cross tabulation tabels, 

because of the semiquantitative scores varying between o and 5 
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Figure 4.1 a 

-dithranol+clobetasol-17-propionate -o-dithranol+vehicle | 

Lesionai 

Clinical severity scores of the lesion expressed as sum scores mean ± SEM, during 17 days 
treatment and six weeks follow up. 

Figure 4.1 b 
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0,5 

I dithranol+clobetasol-17-propÌonate D dithranol+vehicle 

perilesional erythema 

L III 
day 

Perilesional erythema scores mean ± SEM, during 77 days treatment. 
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Results 

Cìinkaì results 

During the study one patient did not show up. He was unwilling to continue the study 

because of personal circumstances. 

Figure 4.1 a summarises the clinical improvement of the two treated lesions. The 

substantial reduction of the sum score in the lesion treated with dithranol and 

clobetasol-iy-propionate differed from the more modest reduction observed in the lesion 

treated with dithranol in combination with the vehicle (p-value =0.02). On both treated 

sites the reduction in sum score was due to respectively a reduction in scales, induration 

and erythema. No differences in erythema scores were observed between the 

perilesional areas of dithranol/clobetasol site and the dithranol/vehicle site. On day 60, 

the clinical scores for erythema, induration and scaling appeared to be equal for the 

dithranol/clobetasol lesion and the dithranol/vehicle site. Figure 4.1 b shows the peri

lesional erythema scores during 17 days treatment. No significant differences were found. 

An observation was the appearance of a sharply demarcated zone of marked erythema 

within the Woronoff zone. This phenomenon was seen on both treated sites. On the site 

treated with clobetasol it seemed more pronounced because in the concerning patients 

clobetasol reduced dithranol erythema except in this region. Figure 4.2 a shows the three 

sites at day 17. Figure 4.2 b shows the same sites after six weeks follow up. In 3 out of 7 

patients such was observed on the dithranol/clobetasol site and in 4 out of 7 on the 

dithranol/vehicle site. 

Figure 4.2. a 

The three sites at day 77; 
7 = dithrartoi/clobetasol, 2 = dithrami/vehide, 3 = untreated control site 
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Figure 4.2. b 

The same sites after six weeks follow up. 

Table 4.4 Immunohistochemical scores of test lesions 1,2 and 3, mean ± SEM 

Antibody 

MIB-1 

MON 150 
Papillär 
Interpapillar 

Anti-elastase 
Epidermal 
Diffuse dermal 
Perivascular 

T11 
Epidermal 
Diffuse dermal 
Perivascular 

WT14 
Epidermal 
Diffuse dermal 
Perivascular 

(1) 
Dithranol/ 
Clobetasol-17-
propionate 

19.00 ±4.10 

0.66 ± 0.02 
0.39 ± 0.04 

0.00 ± 0.00 
0.86 ± 0.14 
0.86 ± 0.14 

0.57 ± 0.20 
2.00 ± 0.00 
2.43 ± 0.30 

0.86 ± 0.26 
1.85 ± 0.14 
2.43 ± 0.20 

(2) 
Dithranol/ 
vehicle 

41.00 ± 6.70 

0.69 ± 0.05 
0.35 ± 0.03 

0.00 ± 0.00 
1.00 ± 0 
1.00 ± 0 

1.14 ± 0.14 
2.14 ± 0.14 

3.43 ± 0.20 

1.00 ± 0.00 
2.43 ± 0.20 
2.86 ± 0.26 

(3) 
Untreated 

96.00 ± 6.40 

0.74 ± 0.03 
0.31 ± 0.02 

1.00 ± 0.31 
1.43 ± 0.20 
1.71 ± 0.18 

1.57 ± 0.20 
2.29 ± 0.18 
4.0 ± 0.22 

2.00 ± 0.22 
2.86 ± 0.14 

3.57 ± 0.20 

p-value 

1 vs. 2 0.01 
1 vs. 3 o.oooi 
2 vs. 3 0.0002 

not significant 
not significant 

0.01' 
not significant 
0.005* 

0.02' 
not significant 
0.007' 

0.008' 
0.02' 
0.05' 

' = overall statistical comparison 1 vs. 2 vs. 3 
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Table 4.5 Immunohistochemical scores of periìesionaì skin 1,2 and 3, mean ± SEM 

Antibody (1) (2) (3) p-value 
Untreated 

MIB-1 

MON 150 
Papillär 

Interpapillar 

Anti-Elastase 
Epidermal 
Diffuse dermal 
Perivascular 

T11 
Epidermal 
Diffuse dermal 
Perivascular 

WT14 
Epidermal 
Diffuse dermal 
Perivascular 

(1) 
Dithranol/ 
Clobetasol-17-
propionate 

(2) 
Dithranol/ 
vehicle 

9 + 1-4 

0.70 ± 0.03 

0.51 ± 0.04 

014 ± 014 
0.57 ± 0.20 
0.72 ± o 29 

1.00 ± 0.00 
2.14 ± 0.14 
2.43 ± 0.30 

0.57 ± 0.20 
2.14 ± 0.14 
2.86 ± 0.14 

28 ± 4.0 

0.68 ± 0.02 

0.40 ± 0.02 

0.14 ± o 14 
1.00 ± 0.00 
1 29 ± 0.18 

1 29 ±018 

2.57 ± 0.20 

4.43 ± 0-30 

1.14 ± 0.14 
2 86 ± 0.14 
3.43 ± 0.20 

1 2 ± 0 8 

O.29 ± 0 02 

010 ± 0 01 

0.00 ± 0 00 
0.86 ±014 
0.86 ± 0.14 

1 00 ± 0.00 
2.00 ± 0 00 
2.29 ± 0.18 

O.57 ± 0.20 
2 ± 0 
3.43 ± 0.20 

1 VS 2 O OOO3 
1 vs. 3 0.46 
2 vs 3 0 0006 

1 vs 3 0.0001 
2 vs 3 0 0002 
1VS 2 0 02 
1 vs. 3 0.0001 
2VS 3 0 0 0 0 2 

not significant 
1 vs. 2 0.05 
not significant 

not significant 
0 0 3 · 
0.02* 

not significant 
0001* 
not significant 

* = overall statistical comparison 1 vs. 2 vs. 3 

Celi biological results lesionai skin 

The cell biological results in lesionai skin have been summarised in table 4.4. 

Comparing the two treated lesions, we observed a lower number of cycling epidermal 

cells m the dithranol/clobetasol lesion, (p-value = 0.01). No significant difference was 

observed after treatment between these two lesions wi th respect to involucrm 

expression. Concerning inflammation markers only the perivascular dermal score of 

Τ lymphocytes was significantly lower in the dithranol/clobetasol lesion compared to the 

dithranol/vehicle lesion. Comparing the two treated lesions with the untreated lesion 

the expression of all markers were reduced after treatment with exception of involucrin, 

PMN and Τ lymphocytes diffuse in the dermis. 

Cell biological results perilesional skin 

Table 4.5 illustrates the cell biological results in the perilesional skin. Comparing the 

perilesional skin of the two treated sites, the proliferation marker MIB-1 showed a lower 

count of cycling epidermal cells in the dithranol/clobetasol treated site (p-value = 

0.0003). Regarding differentiation, the interpapillary involucrin expression was higher in 
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the dithranol/clobetasol treated site (p-value = 0.02). With respect to inflammation the 

expression of dermal PMN, monocytes, macrophages and Τ lymphocytes in the dermal 

infiltrate were significant lower in the dithranol/clobetasol treated site (p-value = 0.05, 

p-value = 0.008, p-value = 0.03). Comparing penlesional skin of the dithranol/clobetasol 

treated site with the untreated site; the proliferation marker did not differ significantly. 

Discussion 

The present study shows a rapid clearance of lesionai skin treated with dithranol 2% 

cream combined with clobetasol-17-propionate 0.05% ointment. Whereas all lesions 

treated with this combination therapy disappeared within 14 days, 4 out of 7 lesions 

treated with the combination dithranol 2% cream and the vehicle of clobetasol-17-

propionate were still present after 17 days. Perilesional skin did not show a statistically 

significant reduction of erythema following treatment with dithranol/clobetasol com

pared to dithranol/vehicle.The use of steroids may by virtue of the rebound effect lead to 

quicker relapse, while m our studie after 6 weeks follow up following discontinuation of 

treatment, the clinical severity scores for erythema, induration and scaling (sum) of both 

treated sites appeared to be equal. 

Lesionai skin 

The reports on the efficacy of combination therapy with dithranol and topical cortico

steroids are contradictory. Färber and Harris evaluated a modified dithranol programme, 

alternating daily applications of topical corticosteroids with overnight-low strength 

dithranol paste and found favourable results compared with the conventional Ingram 

treatment.'3 Grattan et al noted a faster improvement early during treatment, while the 

total treatment period was equal in patients treated with dithranol only or with dithranol 

combined with a corticosteroid.'4 Runne et al. did not observe a better therapeutic result 

with the combination dithranol and corticosteroids.'5 A study of Mahrle and Schulze 

revealed that a pretreatment with topical corticosteroids of 1 week reduces the response 

to dithranol and the duration of remission.'6 Horwitz et al. also found a faster relapse 

after the combination of dithranol with a corticosteroid compared to dithranol with the 

vehicle.'7 We found that the addition of clobetasol-17-propionate enhanced the anti-

psonatic efficacy of dithranol. Incomparable study designs might be the cause of these 

controversies. 

Perilesional skin 

A remarkable observation was the appearance of a sharply demarcated zone of marked 

erythema within the Woronoff zone on both treated sites.6 Apparently the addition of a 

topical corticosteroid had very little effect on this phenomenon. As suggested before the 

initially white halo reflects that anti-inflammatory mechanisms are operating.5 In the 

light of the present observation of a zone of erythema within the Woronoff zone, it is 

I O 6 CHAPTER 4 INNOVATIONS OF DITHIANOL TREATMENT 



attractive to speculate that after robust and repeated challenges with dithranol, those 

anti-inflammatory mechanisms get exhausted while clobetasol-iy-propionate has no 

inhibitory effect at this level anymore or might even enhance this process. 

The reports on the effect of topical corticosteroids on dithranol irritation of perilesional 

skin are contradictory. Van de Kerkhof et al. reported that a 24-hr pretreatment and 3-day 

posttreatment wi th clobetasol-iy-propionate did not influence dithranol-induced 

inflammation after a 2 hours application of 10% dithranol in petrolatum.'8 Juhlin showed 

that the combination with corticosteroids under occlusion does not influence dithranol-

induced erythema '9 Misch et al. observed no effect of topical betamethasone-17-valerate 

on dithranol induced erythema.20 On the other hand, Lawrence and Shuster noted an 

increase m inflammation after combining hydrocortisone cream with low strength 

dithranol application, while the combination of 0.1% betamethasone valerate and clobe

tasol-iy-propionate with the same dithranol concentrations gave an inhibitory effect on 

inflammation.4 In another study, those authors describe a complete inhibition of the 

oedema of dithranol inflammation after pretreatment with clobetasol-17-propionate, 

while the erythemal response showed a small but non significant reduction.3 It is likely 

that different corticosteroid regimens might be of relevance for the modulation of 

dithranol inflammation. In the present study we observed perilesional erythema in both 

the dithranol/clobetasol treated areas and dithranol/vehicle treated areas. Clinically, the 

addition of clobetasol-17-propionate during 17 days did not significantly reduce dithranol 

erythema. 

The immunohistochemical studies extend the clinical observations, both with respect to 

the antipsoriatic and anti-irritant effect of clobetasol-i7-propionate after dithranol 

therapy. Indeed, following treatment of the lesion with dithranol monotherapy, the 

number of cycling epidermal cells, elastase positive cells and WT-14 positive cells had 

reduced substantially, whereas the reduction of involucrm and Τ cells was not significant. 

The combination of dithranol/clobetasol, however resulted not only m a reduction of 

cycling epidermal cells, elastase positive cells and WT-14 positive cells, as observed by 

dithranol monotherapy, but differed in t w o aspects from monotherapy. Firstly, a 

significant reduction of cycling epidermal cells beyond the reduction reached by 

dithranol monotherapy was observed following the combination of dithranol with 

clobetasol-17-propionate. Secondly, the combination resulted in a significant reduction of 

perivascular dermal Τ cells, which cells were virtually unaffected by dithranol mono

therapy, while this effect was not seen with respect to the diffuse dermal Τ cells. This 

justifies the surplus value of subdivision of the dermal infiltrate in perivascular and 

diffuse dermal localisation. 

The effect of corticosteroids on epidermal proliferation has been observed before.2'Using 

flowcytometncal assessment, the number of cells in S, G2 M phase had reverted below 
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the normal range following corticosteroid induced clearance.22 Previously, the persistence 

of the accumulation of Τ cells had been shown.2' The present study confirms the 

persistence of Τ cells following dithranol monotherapy, but indicates that Τ cell 

accumulation can be effectively reduced if a potent corticosteroid is added. Comparing 

the combination therapy with clobetasol-17-propionate monotherapy remains to be 

studied, m terms of efficacy and relapse rate. 

In the perilesional area, the immunohistochemical observations are at variance with the 

clinical scores. Clinically, no significant reduction of erythema was observed. The 

immunohistochemical observation, however, demonstrated a reduction of inflammation 

markers in the dithranol/clobetasol treated sites as compared to the dithranol-vehicle 

treated sites. 

In conclusion, the addition of clobetasol-17-propionate enhanced the antipsoriatic 

efficacy of dithranol by interfering with Τ cell accumulation and epidermal proliferation 

The addition of a corticosteroid reduced perilesional dithranol inflammation at the 

cellular level, although this effect is not expressed clinically by reducing dithranol 

erythema. 

Acknowledgement 

We would like to thank Ing. G.J. de Jongh (Dept. of Dermatology, UMC Nijmegen) for his 

advice with respect to the statistical analysis. We also wish to thank Dr. W.J.M. Tax (Dept. 

of Nephrology, UMC Nijmegen) for providing the antibody WT14 and Dr. H.L.P. van 

Duijnhoven (Dept. Clin. Chem., St Elisabeth Hospital,Tilburg) for the MON-150 antibody. 

I O 8 CHAPTER 4 INNOVATIONS OF DITHRANOL TREATMENT 



References 

ι Kemeny L, Ruzicka T, Braun Falco O Dithranol a review of the mechanism of action in the treatment of 
psoriasis vulgaris Skm Pharmacol 1990,3 1 20 

2 Seville RH Relapse rate of psoriasis worsened by adding steroids to a dithranol regime 
Bri Dermatol 1976,95 643-6 

3 Lawrence CM, Shuster S Mechanism of anthralm inflammation I Dissociation of response to clobetasol and 
indomethacin Br J Dermatol 1985,113 107-15 

4 Lawrence CM, Shuster S Mechanism of anthralm inflammation 2 Effect of pretreatment with glucocorticoids, 
anthralm and removal of stratum comeum Br J Dermatol 1985,113 117-22 

5 van de Kerkhof PC The Woronoff zone surrounding the psoriatic plaque [letter] Br J Dermatol 1998,139 167-8 

6 Woronoff DL Die penpheren Veränderungen der Haut um die Effloreszenzen der Psoriasis vulgaris und 
Syphilis corymbosa DermatolMonatsschr 1926,82 249-57 

7 Cattoretti G, Becker MH, Key G et al Monoclonal antibodies against recombinant parts of the Ki-67 antigen 
(MIB1 and MIB 3) detect proliferating cells in microwave- processed formalin-fixed paraffin sections 
J Pathol 1992,168 357-63 

8 Gerdes J, Schwab U, Lemke H et al Production of a mouse monoclonal antibody reactive with a human nuclear 
antigen associated with cell proliferation /nfJCancengSs, 31 13-20 

9 Rijzewijk JJ, van Εφ ΡΕ, Bauer FW Two binding sites for K167 related to quiescent and cycling cells in human 
epidermis .Acta Derm Venereal 1989, 69 512 5 

10 van Duynhoven JL, Schalkwijk J, Kranenborg ΜΗ et al MON-150, a versatile monoclonal antibody against 
involucrin characterization and applications Arch Dermatol Res 1992,284 167-72 

11 Bogman MJ, Dooper IM, van de Winkel JG et al Diagnosis of renal allograft rejection by macrophage 
immunostaining with a CD14 monoclonal antibody, WT14 Lancet 1989,2 235-8 

12 van Pelt JP, de Jong EM, Seijger MM et al Investigation on a novel and specific leukotnene B4 receptor 
antagonist in the treatment of stable plaque psoriasis Br J Dermatol 1998,139 396-402 

13 Färber EM, Harris DR Hospital treatment of psoriasis A modified anthralm program 
Arch Dermatol 1970,101 381-9 

14 Grattan CE, Christopher AP, Robinson M et al Double-blind comparison of a dithranol and steroid mixture with 
a conventional dithranol regimen for chronic psoriasis Br J Dermatol 1988,119 623-6 

15 Runne U, Kunze J [Psoriasis the clinical use of "minute therapy" with Cignolm] Psoriasis Die Praxis der 
"Minuten-Therapie" mit Cignolin ZHautkr 1983,58-219-29 

16 Mahrle G, Schulze HI [The effect of initial external glucocorticoid administration on cignolin treatment of 
psoriasis] Der Effekt einer initialen ausserlichen Glukokortikoid-anwendung auf die Cignolmbehandlung der 
Psoriasis ZHautkr 1990,65 282,285-7 

17 Horwitz SN, Johnson RA, Sefton J et al Addition of a topically applied corticosteroid to a modified Goeckerman 
regimen for treatment of psoriasis effect on duration of remission JAmAcad Dermatol 1985,13 784-91 

18 van de Kerkhof PC, Timmerman MG The effect of clobetasol-17-propionate and crude coal tar on 
dithranol-induced inflammation A clinical and biochemical study Acta Derm Venereal 1990,70 434-7 

19 Juhhn L Factors influencing anthralm erythema Br]Dermatol 1981,105 Suppl 20 87-91 
20 Misch Κ, Davies M, Greaves M et al Pharmacological studies of anthralm erythema 

Bri Dermatol 1981,105 Suppl 20 82 86 

21 Castelijns FA, Gerritsen MI, Vlijmen-Willems IM et al The epidermal phenotype during initiation of the 
psoriatic lesion in the symptomless margin of relapsing psoriasis 1 Am Acad Dermatol 1999,40 901-9 

22 Glade CP, van Erp PE, Werner-Schlenzka H et al A clinical and flow cytometric model to study remission and 
relapse in psoriasis Acta Derm Venereal 1998,78 180-5 

23 van der Vleuten CI, de long EM, van de Kerkhof PC Epidermal differentiation characteristics of the psoriatic 
plaque during short contact treatment with dithranol cream Clin Exp Dermatol 1996,21 409 14 

INNOVATIONS OF DITHIANOL TIEATMENT CHA?TtR4 I 0 9 



4·3 Combining lesionai short contact dithranol therapy of psoriasis with a 

potent topical corticosteroid. 

Summary 

Background Since its introduction, the effectiveness of dithranol in treating psoriasis is 

unequalled by other topical treatments. Outpatient short contact dithranol treatment is 

effective with regard to clinical response rate and relapse rate after one year. A drawback 

however is the relatively long treatment duration. 

Objectives To study a dithranol regime combined with potent corticosteroids with respect 

to clinical response rate, treatment duration and remission period after clearance. 

Methods Twelve patients with stable psoriasis vulgaris participated in this study. We 

treated three comparable psoriasis lesions on the extremities for 39 consecutive days.The 

first lesion was treated daily with short contact dithranol cream followed by clobetasol-

17-propionate ointment five days a week. The second lesion was treated daily with short 

contact dithranol cream followed by the vehicle of clobetasol-17-propionate ointment. 

A third site was treated with clobetasol-17-propionate ointment five days a week. The 

patients visited our department on days 1,4,9,12,15,18,22,25,32 and 39 during treatment. 

We assessed lesionai severity scores and during the first visit we registered the baseline 

area. During the follow up at week 2,4, 6,10,14,19, 23 and 28 we assessed lesionai sum 

scores. We also estimated the area involved in recurrence of the lesion as a% of the base

line area. The overall difference between the three treatment curves apart for treatment 

period and follow up period were tested with a likelihood ratio test 

Results The difference between the curves of the sum score during treatment (p < 0.001) 

was mainly due to the different time course of dithranol monotherapy showing a slower 

decrease in sum score. The difference between the linear trends of the sum score 

(p < 0.001) and the area-scores (p < 0.001) during follow up was due to a different time 

course of the combination therapy starting lower and increasing more slowly suggesting 

a slower relapse rate for the combination therapy. 

Comparing the follow up data, it has to be kept in mind that the three treatments 

showed an overall significant different sum and area score at the start of the follow up. 

Conclusion Intermittent addition of clobetasol-17-propionate ointment enhanced the 

antipsonatic efficacy of short contact, high dose dithranol therapy in terms of clearing 

capacity and treatment duration, without shortening remission duration. 
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Introduction 

Since its introduction, the effectiveness of dithranol in treating psoriasis is unequalled by 

other topical treatments. Because of skin irritation, discoloration of clothing and even of 

sanitary, this therapy was exclusively used m a hospital setting in the past. In 1991 we 

started an outpatient care instruction programme using short contact dithranol to treat 

psoriasis, focusing on patient compliance. This approach restricts the load of the treat

ment considerably permitting the patients to continue their daily activities. From 1996 

until 1999 our group studied the effectiveness of this approach in an open randomised 

comparative study. Comparing the dithranol outpatient care instruction programme, 

inpatient 24 hours dithranol applications, and UVB phototherapy in 250 patients it was 

concluded that outpatient dithranol treatment is effective with respect to a clinical 

response rate of 59%, a relapse rate after one year of 38% and a mean number of 72 ±17 

days until successful treatment. 

During this outpatient dithranol treatment the patients must be well instructed to 

guarantee optimal compliance. It has been shown before that the effectiveness of 

dithranol is related to the frequency of instruction.' After optimising all external factors 

influencing dithranol effectiveness it remains a time consuming treatment. Since time 

investment is more and more important, within the scope of cost-effectiveness and 

quality of life, it is attractive to study combination treatments. Finding combinations 

with an optimal clinical response rate and shorter treatment duration without 

shortening the remission period is worthwhile. 

It is important to distinguish lesionai skin and unmvolved skin while studying dithranol 

treatment. As it is the case m using corticosteroids in treating dithranol inflammation, 

there is still great controversy in combining lesionai dithranol treatment with cortico

steroids. 

The aim of the present study was to compare lesionai combination therapy consisting of 

dithranol short contact therapy and clobetasol-i7-propionate ointment once a day, five 

days a week with dithranol short contact monotherapy and clobetasol-i7-propionate 

monotherapy.The efficacy was evaluated in terms of clinical response rate, time until suc

cessful treatment and remission duration after clearance. 

Material and methods 

Twelve patients with stable psoriasis vulgaris, affecting more than 5% of the body 

surface, participated in this study. Exclusion criteria were other psoriasis treatments, anti

histamines, non-steroidal anti-inflammatory and immunosuppressive drugs. Prior to the 

study they had received no topical treatment for at least two weeks, or systemic treat

ment for at least one month. Permission of the local Ethics Committee and written 

informed consent from all patients were obtained. 
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On each patient we treated three comparable psoriatic lesions on the extremities for 39 

consecutive days. Descaling before treatment was performed wi th 10% salicylic acid in 

petrolatum. Our guideline was to treat until all lesions treated with the combination 

therapy, showed resolution for at least 90% of the baseline area. The first lesion was 

treated daily with dithranol cream followed by clobetasol-17-propionate ointment five 

days a week. The second lesion was treated daily with dithranol cream followed by the 

vehicle of clobetasol-17-propionate ointment. A third site was treated with clobetasol-17-

propionate ointment only five days a week. 

Dithranol (x gram) was dissolved in the vehicle which was composed of cetiol V (200 + 

χ gram), cera cetomacrogolis emulsificans 150 g, paraffin subliquidum 150 g, acidum 

salicylicum 10 g, acidum sorbicum 1.5 g, acidum ascorbicum 0.5 g.aqua demi filtrata ad 

1000 g. This formulation is known for its good stability.2 We used a three days short 

contact application scheme varying in time (10,20 and 30 minutes) and in concentration 

(0,5, i,o, 2,0, 3,0 and 5,0%). So we started treatment with three days 10 minutes 0,5% 

dithranol cream, followed by three days 20 minutes 0,5%, followed by three days 30 

minutes 0,5%, followed by three days 10 minutes 1,0% etc. The dithranol cream was 

applied precisely on the lesion, removed by water and soap and dried with a towel. The 

clobetasol-17-propionate ointment was left in situ after application. The patients 

visited our department on days 1,4,9,12,15,18,22,25,32 and 39 during treatment. During 

the first and last visit we traced the lesions border in ink on plastic foil as a measure of 

the baseline area and we took photographs. At each visit, erythema, induration and 

scaling of the lesions were unblinded assessed on a 5-point scale (sum score). For 

perilesional skin we estimated severity of erythema on a 5-point scale. Concerning the 

sum score: clearance was defined as the resolution of the lesion, for at least 90% of the 

baseline area. Relapse was defined as a recurrence of lesion of at least 50% of the base

line area. Thus if the lesion was cleared for at least 90% we defined the sum score zero 

until a relapse occurred. 

During the follow up period the sites were treated with unguentum/cremor ceto

macrogolis ana. At week 2, 4, 6,10,14,19, 23 and 28 we assessed lesionai sum scores 

unblinded. As mentioned before the sum score until a relapse was defined zero. We also 

estimated the area involved in recurrence of the lesion: o = nothing, 1 = >o-20%, 3 = >20%-

40%, 5 = >40%-6o%, 7 = >6o%-8o%, 9 = >8o%-ioo% recurrence of the baseline area. 

Statistical analysis 

For each treatment the course in t ime of the sum score could be well approximated by a 

quadratic function. In the follow up a linear trend in time appeared to be appropriate 

enough for both the sum score and area score.The dependence of measurements within 

the same patient was accounted for by subject-specific random coefficients, independent 
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of treatment. The overall difference between the three treatment curves apart for 

treatment period and follow up period were tested with a likelyhood ratio test. All 

analyses and tests were done within the framework of linear mixed models for repeated 

measurements using procedure MIXED of the SAS package.'The level of significance used 

was α = cos. 

Results 

Twelve patients with stable psoriasis vulgaris, affecting more than 5% of the body 

surface, participated in thisstudy.The mean age was 52.2 years with a standard deviation 

of 14 ο years. During treatment two patients were excluded from the study because they 

did not want to follow the study protocol anymore. Instead they wanted an effective 

treatment for all their lesions. 

Figure 4.3 

Clinical severity scores of the lesions expressed as sum scores wean ± SEM, during 39 days 
treatment. 

Treatment 

Figure 4.3 shows the mean sum scores ± SEM of the three treated lesions during 

treatment. Of the lesions treated with dithranol and clobetasol-17-propionate, all 

patients showed clearance. One patient showed clearance on day 22, one on day 25, three 

on day 32 and five on day 39. Of the lesions treated with dithranol and the vehicle of 
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clobetasol-iy-propionate, one patient showed clearance on day 32, seven on day 39 and 

two showed marked improvement but did not reach clearance during the study Of the 

lesions treated with clobetasol-i7-propionate, one patient showed clearance on day 15, 

two on day 22, three on day 32, one on day 39 In three cases the lesions treated with 

clobetasol-17-propionate showed moderate improvement and no tendency to reach 

clearance The reduction in sum score was due to respectively a reduction m scales, 

induration and erythema We did not observe penlesional erythema, neither on the 

dithranol/clobetasol site, nor on the dithranol/vehicle site 

At the end of treatment, the lesions treated with dithranol and dobetasol-17-propionate 

showed in eight patients no residual area and in two patients > 90% but < 100% 

clearance The lesions treated with dithranol and the vehicle of clobetasol-17-propionate 

showed in eight patients > 90% but < 100% clearance and in two patients less than 90% 

clearance with sum scores of 2 and 4 The lesions treated with clobetasol-i7-propionate 

showed in five patients no residual area, in two patients > 90% but < 100% clearance and 

in three patients less than 90% clearance with sum scores varying between 2 and 5 

The difference between the curves of the sum score during treatment was significant 

(p < 0001) and mainly due to the different time course of dithranol monotherapy 

showing a slower decrease m sum score There was no significant difference m 

estimated sum scores at the start of treatment (p = o 46) 

Figure 4.4 
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Follow up 

Figure 4.4 shows the mean sum scores ± SEM of the three treated lesions during the 

follow up Of the lesions treated with dithranol and clobetasol-17-propionate, only one 

patient showed a relapse area > 50% with a sum score of 7 Of the lesions treated with 

dithranol and the vehicle of clobetasol-17-propionate, six out often patients showed a 

relapse area > 50% with sum scores varying between 4 and 10 Of the lesions treated with 

clobetasol-17-propionate, all ten patients showed a relapse area > 50% with sum scores 

varying between 5 and 7 

Figure 4.5 

Area mean ± SEM, during 23 weeks follow up o = nothing, 1 = >o-20%, 3 = >20%-40%, 5 = 
>40%-6o%, 7 = >6o%-8o%, 9 = >8o% JOO% recurrence of the baseline area 

Figure 4.5 shows the mean area scores ± SEM of the three treated lesions during the 

follow up The residual area at the end of treatment is described m the treatment section 

and was equal to the area at the beginning of the follow up Two patients were lost 

during follow up One after ten weeks because of holiday and one after six weeks because 

all lesions disappeared after taking sunbathes The follow up lasted 23 weeks At the end 

of the study in one patient the lesion treated with dithranol and clobetasol-17-propionate 

showed no relapse at all, two showed a relapse area between 0% and 20% and six 

between 20% and 40% of the baseline area In two patients the lesions treated with 

dithranol and the vehicle of clobetasol-17-propionate showed a relapse area between 0% 

and 20%, m one between 20% and 40%, in three between 40% and 60%, m one between 
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6o% and 80% and m three between 80% and 100% of the baseline area In three patients 

the lesions treated with clobetasol-17-propionate showed a relapse area between 40% 

and 60%, in one between 60% and 80% and in six between 80% and 100% of the base

line area 

The significant difference between the linear trends of the sum score during follow up 

(p < o o o i ) was due to the different time course of the combination therapy starting 

lower and increasing more slowly The significant difference between the linear trends of 

the area score during follow up (p < 0001) was also mainly due to the combination 

therapy starting lower and increasing somewhat slower Both differences in linear trends 

suggest a slower relapse rate for the combination therapy 

The three treatments showed an overall significant difference at the start of the follow 

up, sum score (p = o 008) and area score (p < o 001) 

Discussion 

As it is the case m using corticosteroids in treating dithranol inflammation, there is great 

controversy in combining lesionai dithranol treatment with corticosteroids In 1970 Faber 

et al reported already the benefits of a modified dithranol programme, alternating daily 

topical corticosteroid application with nightly low strength dithranol paste, with 

complete clearance within an average treatment period of 11 days4 More recent Monk et 

al found a significant faster clearance and no significant difference in relapse rate using 

dithranol in 0,0125% clobetasolpropionate, compared to dithranol m Lasar's paste, m the 

treatment of chronic plaque psoriasis5 On the other hand Seville et al stated m 1976 

"the relapse rate of psoriasis is worsened by adding steroids to a dithranol regime"6 

Runne et al did not observe a better therapeutic result with the combination dithranol 

and corticosteroids7 Grattan et al concluded that the addition of a topical steroid to a 

conventional dithranol regimen produced more rapid initial clearance, but also a more 

rapid relapse of the psoriasis' In a previous study we found that the addition of 

clobetasol-17-propionate enhanced the antipsonatic efficacy of dithranol by interfering 

with Τ cell accumulation and epidermal proliferation In the same study, after 60 days 

follow up, we found clinical sum scores to be equal comparing the combination therapy 

to dithranol monotherapy9 

In this study the combination treatment makes clearance possible in about half of the 

time normally used m our conventional outpatient short contact dithranol treatment 

Our mam supplementary goal for the present study was to evaluate if the remission 

period after combination therapy is determined by clobetasol-17-propionate Marriott ef 

al compared Lassar's paste containing 0,25% dithranol with 0,25% dithranol m 

clobetasolpropionate and clobetasolpropionate ointment They concluded that the 
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clearance rate did not vary greatly with the different medications but the relapse rate 

was much slower when the medication contained clobetasolpropionate either alone or 

with dithranol,0 However the number of patients m their study was too small to make 

these differences significant In the present study the lesions treated with clobetasol-

17-propionate monotherapy showed m seventy percent clearance while the other lesions 

showed moderate improvement and no tendency to reach clearance The lesions treated 

with the combination therapy all showed clearance and a significant slower relapse 

Horwitz et al found a faster relapse after the combination of dithranol with a corticos

teroid compared to dithranol with the vehicle " A study of Mahrle et al revealed that pre

treatment with topical corticosteroids of 1 week reduces the response to dithranol and 

the duration of remission " We found that lesionai short contact, high dose dithranol 

treatment, combined with intermittent application of clobetasol-17-propionate oint

ment, gave significant longer remission periods compared to clobetasol-17-propionate 

ointment monotherapy Incomparable definitions, study designs, dithranol regimes, 

preparations and especially concentrations are cause of the controversies in literature 

It is intriguing to find significant longer remission periods after the combination therapy 

compared to dithranol monotherapy m this study We have to keep in mind that the 

lesions treated with dithranol cream showed > 90% but < 100% clearance in eight 

patients and less than 90% clearance m two patients In other words all of them showed 

residual area (after combination therapy, eight patients showed no residual area at all 

and two patients showed > 90% but < 100% clearance) This observation might underline 

the importance of treatment until no residual area is left to guaranty a long remission 

duration On the other hand we can not jump to conclusions comparing the follow up 

data between dithranol monotherapy and the combination therapy because treatment 

results after 39 days treatment differed significantly with respect to residual area and 

sum scores 

Our study indicates that for a certain group of patients with stable plaque psoriasis who 

are capable of treating their psoriasis according to clear instructions, addition of 

intermittent potent corticosteroids to high dose dithranol therapy is very effective with 

a view to realising remission By doing so the combination therapy is superior to 

dithranol monotherapy because the treatment duration is significantly restricted 

without shortening remission duration 

Frequent instructions not to apply dithranol outside the psoriatic lesion were given 

resulting in the fact that we did not observe penlesional dithranol irritation during our 

study despite of the high dithranol concentrations used 
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In conclusion, intermittent addition of clobetasol-17-propionate ointment enhanced the 

antipsoriatic efficacy of short contact, high dose dithranol therapy in terms of clearing 

capacity and treatment duration, without shortening remission duration Comparative 

randomised trials with treatment until no residual area is left are needed to refute the 

statement "the relapse rate of psoriasis is worsened by adding steroids to a dithranol 

regime" 
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CHAPTER 5 

General discussion 



General discussion 

In the introduction we have defined the following aims 

I: The positioning of a care instruction programme for short contact dithranol 

treatment 

I I : Characterisation of the response of normal skin and unmvolved as well as lesionai 

skin of patients with psoriasis to dithranol 

III: Innovation of dithranol treatment based on new insights in the in vivo actions of 

dithranol 

In this chapter the conclusions which have been drawn from the studies as described in 

chapter 2,3 and 4 will be discussed. 

5.1 The positioning of a care instruction programme for short contact dithranol 
treatment 

5.1.1 Effectiveness / side effects 

In chapter 2 an open randomized trial has been presented on the effectiveness of UVB 

phototherapy, inpatient dithranol treatment and short contact dithranol treatment in 

psonans. UVB phototherapy and short contact dithranol treatment were comparatively 

equivalent highly effective treatments. We observed more than 90% improvement of the 

baseline area in 56% and 59% of the patients within treatment durations of 75 versus 72 

days respectively. Inpatient dithranol treatment showed a significantly higher clinical 

response rate with 90% improvement of the baseline area in 87% of the patients and a 

significantly shorter treatment duration (37 days) compared to the other two treatments. 

The remission time following short contact treatment was significantly longer than after 

inpatient treatment. The estimated mean remission periods were 328 days after UVB-

phototherapy, 584 days after short contact dithranol treatment and 277 days after 

inpatient treatment. It is conceivable that the inpatient group harbours a subgroup with 

a more severe (fast relapsing) psoriasis, while this subgroup failed to reach clearance 

after UVB or short contact dithranol therapy. The longer lasting remission period in the 

group that was successfully treated with short contact dithranol might be explained by 

the fact that these patients had gained more discipline and insight in treating 

themselves at home. 
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We noted an association between residual area (affected area after treatment) and 

remission duration after short contact therapy. This might indicate that those patients 

with more severe psoriasis, indicated by a larger residual area, are likely to relapse earlier 

and therefore should use optimal maintenance therapy to extend remission periods. No 

significant associations between the clinical response rate, the baseline PASI-score and 

the baseline area were observed. This indicates that psoriasis responsiveness to therapy 

can not be predicted by these parameters. Only thickness of plaques was found to be 

prognostic for treatment duration. 

As mentioned in section 2.1 the classification of psoriasis severity is difficult. Using step

wise regression statistics, an analysis was performed to investigate whether previously 

used treatments may be predictive for therapy result and as such reflect psoriasis 

severity. The study population was divided m three groups. Group I consisted of patients 

who had only used topical treatments in the past. The patients of group II had been 

treated with topical treatments and/or UVB phototherapy in the past, while the patients 

m group III had been treated previously with systemic treatments. This analysis showed 

that the patients of group III had a significantly lower chance on clearance with a 

significantly shorter duration of the remission This observation indicates that previous 

systemic treatments may be regarded as severity indices 

Transient skin irritation or erythema was observed in 33% of the patients treated with 

UVB phototherapy, m 48% of the patients treated with dithranol in the inpatient depart

ment and in 8i% of the patients treated with short contact dithranol treatment. 

During short contact dithranol treatment, irritation seems nearly inescapable, often 

causing interruption of the treatment with subsequent repercussions on compliance. A 

positive association between the clinical response rate and compliance was found. 

Non-compliance, for whatever reason, resulted in a lower probability of clearance. Early 

recognition and adequate management of dithranol irritation must be regarded as 

important issues in dithranol treatment. 

In conclusion, short contact dithranol treatment, guided and instructed by a team of 

dermatologists and nurses with special expertise m dithranol treatment, is very effective 

and safe in moderate to severe psoriasis and can be considered as a good alternative for 

UVB phototherapy.This conclusion can be interpreted as indicator for the effectiveness of 

care instruction programmes in dermatological day care in general. 

5.1.2 Quality of life study and cost effectiveness study 

The above mentioned study also evaluates the effect of short contact dithranol treat

ment in the care instruction programme compared to UVB phototherapy and inpatient 

dithranol treatment on scores for the Health-Related Quality of Life (HROoL) Overall, 
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patients with therapy failure tended to have lower scores of HRQoL compared to patients 

who had successful treatment Patients treated with inpatient dithranol treatment had 

lower HRQoL scores and did not show significant improvement in HRQoL directly 

following treatment compared to patients who were treated with short contact 

dithranol and UVB phototherapy At the last assessment, HRQoL was comparable for all 

treatment groups A significant improvement in Emotional Stability was only observed 

after short contact dithranol treatment Possibly, the care instruction programme gives 

the patient a feeling of control over the disease Although after three months follow up 

the improvement with respect to HRQoL in the three treatment modalities appeared to 

be equal, inpatient treatment induced the smallest improvement of HRQoL scores 

suggesting a hospitalisation effect In conclusion, one should be restrictive with respect 

to inpatient treatment for patients with moderate to severe psoriasis The influence of 

inpatient treatment on Health-Related Quality of Life should be considered ' 

The cost effectiveness analysis of the three treatment modalities showed that all 

evaluated approaches are reasonable Short contact dithranol treatment was proved to 

bean alternative for patients with moderate to severe psoriasis Comparing short contact 

dithranol treatment with inpatient treatment the costs of short contact treatment were 

significantly lower, while no significant difference with respect to the total number of 

clearance days was found Only considering cost-effectiveness, UVB phototherapy is 

preferable to short contact dithranol t reatment ! Short contact dithranol treatment is a 

good possibility for patients with contraindications for UVB phototherapy or for those 

patients who do not improve satisfactorily following UVB phototherapy 

5.1.3 Guidelines to treat moderate to severe psoriasis 

Before a treatment is selected, attention should be given to various triggering factors and 

the psychosocial impact of the disease in an individual patient Besides stress, 

streptococcal infection and several drugs, alcohol and smoking must be added to the list 

of factors influencing the appearance and progression of psoriasis' Antistreptococcal 

antibiotics and tonsillectomy have been advocated both for patients with guttäte 

psoriasis and for patients with chronic plaque psoriasis with proven streptococcal 

infection ^The conclusion of a recent systematic review is that there is no good evidence 

that either of the interventions is beneficial in the treatment of psoriasis67 Reassurance 

and psychological support, explaining the non contagious and benign nature of the 

disease is important Quality of life is impaired in patients with severe psoriasis Therefore 

psychological intervention may have a beneficial effect on psoriasis activity, especially m 

individual cases8 Treatment management should be individualised and treatment 

limitations should be defined Depending upon age, sex, personality, occupation, general 
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and psychological health, intelligence, severity, type of lesions, localisation of psoriasis 

and previous treatment results one may choose for a certain treatment or combination 

of treatments. Psoriasis management is a skill and cannot be confined to a treatment 

protocol, although treatment protocols remain of utmost importance for a consistent 

therapeutic approach Consultation is a delicate mixture of experience, intuition, 

scientific knowledge and caring.9 

In general, conventional topical regimens are preferable above systemic treatments that 

may be associated with severe side effects. In patients with "mild to moderate" psoriasis 

topical treatment and consultation at the outpatient department are sufficient to 

provide adequate control. Emollients, especially greasy emollients soften the scaly 

hyperkeratotic surface of psoriatic plaques. Pretreatment with keratolytics resulting in 

complete descaling, is important to enhance the penetration of topical agents and UVB 

phototherapy. Ointments containing salicylic acid io% are effective keratolytics. However, 

excessive applications carry the risk of salicylic acid intoxication.'0 At the moment 

combination therapy of a topical vitamin D3 analogue and a topical corticosteroid is 

widely used as a first choice treatment in mild to moderate plaque psoriasis. An alter

native to achieve a fast clearing of recalcitrant psoriatic plaques is the combination of a 

super potent corticosteroid in a lotion with a hydrocolloid occlusive dressing." This treat

ment, however, should be restricted to a limited area of psoriasis because of the risk of 

systemic side effects following the enhanced penetration under occlusion. Psoriasis 

inversa and psoriasis capitis require different approaches. Medium strength topical corti

costeroids are first choice in the treatment of psoriasis inversa. In case of psoriasis 

capitis treatment starts with adequate descaling, followed by intermittent applications 

of a potent corticosteroid emulsion or lotion. The addition of calcipotriol lotion to a 

corticosteroid preparation may result m a more pronounced effect in psoriasis capitis.11 

If the degree of body surface involvement makes topical treatment to demanding, we 

may designate the severity of psoriasis as "moderate to severe". Dithranol short contact 

therapy and UVB phototherapy may be considered standard treatments of moderate to 

severe psoriasis. UVB phototherapy is a good first choice to treat moderate to severe 

psoriasis. Dithranol short contact therapy at a day care unit using the care instruction 

programme is a safe and effective alternative for patients with contraindications for UVB 

and for patients who are non-responsers to UVB phototherapy (section 5.1). Only well 

motivated patients are eligible for this approach, as compliance is essential. 

Dermatological day care treatment gives the patients the opportunity to stay in their 

social environment and to continue their daily activities. The effectiveness of UVB 

phototherapy and dithranol short contact treatment can be enhanced if combined with 

topical treatments. In general, inpatient treatment is reserved for patients with proven 

therapy resistance for outpatient treatments. However, if there is a strong indication for 
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dithranol therapy and the patient is, because of physical or psychological circumstances, 

unable to perform this treatment at home, inpatient treatment should also be a 

possibility for these patients with moderate to severe psoriasis. 

If all the above mentioned modalities are not effective enough or if these treatments are 

contra indicated, the skin disease can be designated as "severe" psoriasis In these 

patients, inpatient dithranol treatment remains a "point de départ par excellence". For 

long-term control, acitretin and especially methotrexate m combination with a topical 

therapy are indicated provided that there are no contraindications. Acitretin in combina

tion with phototherapy followed by acitretin in combination with a topical therapy as 

maintenance is another option. The disadvantage of methotrexate is the risk of liver 

fibrosis or cirrhosis, making liver biopsy at regular intervals obligatory. If significant risk 

factors for hepatic desease are absent, a liver biopsy is advised after every period of t ime 

the patient has been treated with 1,5 gram of methotrexate." At present, fumarates are 

an alternative for long term management in case of contraindications for methotrexate 

or acitretin ""6 However, the fact that this treatment is not approved in The Netherlands 

is a drawback. For crisis intervention cyclosporin A can be used as ultimum refugium, 

which should be given as a course restricted to a few months, because of the risk of 

severe side effects following long-term use. 

5.1.4 Future trial designs 

Based on the study presented in chapter 2 we recommend for future trial designs to take 

the following into consideration. 

The effectiveness of antipsoriatic drugs should not only be studied by determining 

response rates but also by remission times. Outcome measures should be well defined 

and preferably agreed upon by international fora to make studies comparable 

Patients with a history of systemic treatment should be regarded as a subgroup wi th 

more severe psoriasis. 

In case an investigation comprises a long-term follow up, it is of importance that in all 

groups a topical treatment as used in the management of mild to moderate psoriasis is 

provided during the follow up in order to guaranty compliance to the study protocol. 

The dynamics of resolution and reoccurrence of psoriatic plaques are not linear 

processes. This should be taken into consideration when short-term results are extra

polated to a long-term hypothetical outcome. 
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5.2 Characterisation of the response of normal skin and uninvolved as well as 

lesionai skin of patients with psoriasis to dithranol 

5.2.1 Comparative analysis between normal skin and uninvolved skin of patients 

with psoriasis 

In sections 3.1 and 3.2 the effects of single and repeated challenges with dithranol cream 

on normal human skin and on uninvolved skin of patients with psoriasis have been 

presented. Besides a clinical evaluation, aspects of epidermal proliferation, differentiation 

and inflammation were studied. The monoclonal antibody MIB-1 (Ki-67) was chosen to 

assess epidermal proliferation. As differentiation marker MON-150 was used to stain 

involucrin, anti-transglutaminase for the assessment of human keratinocyte trans

glutaminase (TGM) and anti-filaggrin to indicate f i laggrin expression. Three 

inflammation markers were evaluated. DAKO-T6 was used as a monoclonal antibody for 

Langerhans cells, anti-elastase to visualise polymorphonucleocytes (PMN) and the anti

body DAKO-T11 for detection of Τ lymphocytes. The dermal compartment was subdivided 

in the perivascular- and the diffuse dermal area. 

In normal human skin two days after single challenge an induction of the cormfied 

envelope precursor involucrin and the cross-linking enzyme transglutaminase I was seen. 

Subsequently, filaggrin expression showed a significant decrease on day four, whereas on 

day 8 epidermal hyperproliferation was observed. Langerhans cells decreased in an early 

phase, followed by a significant increase m number of Τ lymphocytes. The number of 

neutrophils (PMN) was increased to a lesser extent compared to the number of Τ lym

phocytes. The above mentioned dynamics suggest the importance of the suprabasal 

compartment in the hyperproliferative reaction to skin irritation.The epidermal response 

to dithranol challenge may be interpreted as a reinforcement of the skin barrier. Similar 

responses were observed following ultraviolet Β irradiation, sodium lauryl sulphate 

application and after standardized surface trauma of the skin.'7'9 

In conclusion, the overall response pattern to dithranol challenge is interpreted as a 

common principle to recover from a chemical and/or physical damage of the skin. 

A remarkable observation was the decrease of filaggrin on day four. Also after repeated 

challenges an early decrease of the expression of filaggrin was observed This finding is 

in contrast with earlier findings in a study on repeated surface trauma by tapestripping." 

The breakdown of filaggrin may be an attempt to compensate for xerosis of the skin 

which accompanies dithranol therapy. Another remarkable observation was the long 

lasting cell biological effects with respect to epidermal proliferation, differentiation and 

inflammation as long as 12 days, which comprizes the entire experimental period This 

finding may imply that intermittent applications of high concentrations of dithranol may 

be a promissing therapeutic approach. 
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The dynamics of the changes after repeated challenges in normal human skin are grosso 

modo comparable with the observations after a single challenge A remarkable finding in 

the biopsies taken from the volunteers following repeated application, is the substantial 

increase of the number of K1-67 positive nuclei between day 8 and 12 after the first 

challenge 

Comparing the response to a single application of dithranol in unmvolved skin of 

psoriatics with the response in normal skin of healthy volunteers, the first 8 days proved 

to be similar Also the maximal responses of the individual parameters were similar A 

striking difference, however, between unmvolved skin and normal healthy skin was the 

late phase, which was encountered from day 8 until day 12 after single challenge with 

dithranol In table 5.2.1.3, the values for epidermal proliferation, the number of 

Langerhans cells and Τ lymphocytes m the dermis on day 12 are compared with the 

values on day 8 

Table 5.2.1 a Immunohistochemical changes increases ( Î ) or decreases ( I) of values 
between day Sand day 12 as a percentage of absolute values of day 8 after a 
single challenge with dithranol 

Uninvolved skin Normal skin 

Epidermal proliferation 30 % Î 2 % Τ 

Dermal Langerhans cells 71 % Τ Equal 

Dermal Τ lymphocytes 22 % Τ 14 % Τ 

Although a statistical evaluation between these two studies is not possible, we may 

nevertheless conclude that the late phase after dithranol challenge shows striking and 

substantial differences between normal skin and unmvolved skin of patients with 

psoriasis The long lasting response of the unmvolved skin after dithranol challenge is 

intriguing This finding reconfirms an earlier report that unmvolved skin of patients with 

psoriasis shows an overresponse to injury during recovery202' 

Comparing the response of repeated applications of dithranol m normal human skin 

versus unmvolved skin of patients with psoriasis (table 5.2.1 b), a more profound 

disturbance in the expression of differentiation markers was observed m the unmvolved 

skin of psoriatics After 4 challenges a substantial increase of the expression of mvolucrm 

and TGM was noted, while filaggrm expression demonstrated an early decrease In the 

unmvolved skin of psoriatic patients these abnormalities were substantially more 

expressed at day 12 as compared to day 4, whereas the abnormalities increased to a 

lesser extent in the skin of normal volunteers Although this difference suggests an 

abnormal responsiveness of unmvolved psoriatic skin with respect to differentiation, the 
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Table 5.2.1 b Immunohistochemical changes increases ( Î ) or decreases ( I )of values 
between day 4 and day 72 as a percentage of absolute values of day 4 after 
repeated challenges with dithranol 

Epidermal proliferation 

Involucrin 

TCM 

Filaggnn 

Dermal Langerhans cells 

Dermal Τ lymphocytes 

Umnvolved skin 

348 % Τ 

78% Τ 

74% Τ 

56% I 

14% Τ 

146 % Τ 

Normal skin 

167 % Τ 

1% Τ 

23% Τ 

19% Ι 

55% i 

22% Τ 

relevance of this phenomenon remains unclear This finding however, is compatible with 

the reported overresponsiveness of the clinically umnvolved skin of patients with 

psoriasis " 

In view of the differences m the course of changes with respect to the expression of 

proliferation, differentiation and inflammation markers observed in these two studies, it 

is advisable to use the umnvolved skin of patients with psoriasis in future studies on 

dithranol irritation The best timing to investigate the effect of the anti-inflammatory 

agents on dithranol irritation is between 4 and 8 days following the first application 

5.2.2 Analysis of lesionai psoriatic skin 

In section 3 3 the psoriatic lesion has been studied after single and after repeated 

challenges with 2% dithranol cream As well as after single as after repeated applications 

with dithranol a decrease of recruitment of cycling epidermal cells and PMN was 

observed No effect on the expression of the differentiation markers filaggnn, trans

glutaminase and mvolucrm was observed In line with previous studies, no tendency for 

a reduction of the number of Τ lymphocytes or Langerhans cells was noted in the early 

phase of dithranol treatment21 

One single application of dithranol 2% cream resulted already in a 54% reduction of the 

number of K1-67 positive nuclei after 4 days, which decrease persisted until the end of the 

experiment Sixteen days after a single application still a 42% reduction of the number of 

K1-67 positive nuclei was observed, which resulted only ma modest clinical improvement 

Repeated challenges resulted m a decrease of the number of K1-67 positive nuclei of 66% 

and ma substantial clinical improvement after 12 days Also a significant reduction of the 

number of PMN was noted However, this reduction was less pronounced as compared to 
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the effect on epidermal proliferation. It is attractive to speculate that reduction of the 

number of cycling cells should be above a certain threshold m order to result in a clinical 

improvement 

The prolonged inhibition of epidermal proliferation as observed in section 3.3 suggests 

that intermittent treatment might be sufficient. Such a schedule might be less 

demanding from the patient as compared to the once daily applications as used so far. 

As dithranol does not reduce the number of Τ cells, the combination of dithranol with 

immunosuppressive treatments might be very effective. In this respect the combination 

with phototherapy (UVB) or topical corticosteroids are promising combination regimes 

(see sections 5.3.3 and 5.3.4). As the effect of dithranol on epidermal differentiation is 

limited, combination of dithranol with retinoids or vitamine D3 analogues may have 

additive efficacy. Indeed, the beneficial effect of the combination of dithranol and 

acitretm has been shown.24 It has been stated that normalisation of the disturbed 

epidermal differentiation is an early effect of calcipotnol.'5 As dithranol in the early phase 

has no significant effect on differentiation markers (present thesis), the combination of 

topical vitamine D3 analogues and dithranol might well represent a highly effective com

bination. The immunohistochemical results, as presented in this thesis, are restricted to 

a 12-day treatment period. It is remotely possible that prolonged treatment with 

dithranol may eventually normalise differentiation markers and reduce the number of Τ 

lymphocytes.2316 The lack of an effect of dithranol on these markers during the first 12 

days indicate that these aspects are not primarely affected by dithranol. 

5.2.3 The effects of topical corticosteroids and a coal tar pTeparation on a model 

of dithranol induced irritation 

In section 4.1 the clinical and cell biological changes in uninvolved skin of patients with 

psoriasis after influencing dithranol irritation by topical corticosteroids, a coal tar 

solution and their vehicles are described. A model was used of one-hour application of 2% 

dithranol cream during 4 days. Subsequently, the sites were treated with one of the 

fol lowing preparations: 0.05% clobetasol-17-propionate ointment (CP), 0.005% 

fluticasonpropionate ointment (FP), a coal tar solution in an ointment (CTS) or their 

vehicles (vehicle 1 from CP and FP and vehicle 2 from CTS). On day 5, biopsies were taken 

for immunohistochemical assessments. Aspects of epidermal proliferation, 

differentiation and inflammation, as well as daily clinical scores for erythema, oedema 

and vesicle formation were investigated 

Controlled studies on the effects of corticosteroids and coal tar preparations in 

combination with dithranol are contradictory.2"' Some dermatologists use the combi

nations frequently, whereas other dermatologists refrain from these controversial 

combinations. 
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The Κι-67 staining, revealed less cycling epidermal cells on the site treated with CP m 

comparison with the control site (p = 002), while the site treated with CTS showed a 

significantly higher number of cycling cells, in comparison with the site treated with CP 

(p = 0005) Evaluating the expression of the epidermal differentiation markers a 

significantly lower ratio of papillary mvolucrm expression on the site treated with CP 

compared to the control site was found (p = 004) The site treated with CTS showed a 

significantly higher ratio in comparison with the site treated with CP (p = 001), the site 

treated with vehicle i(p = ο 05) and the site treated with vehicle 2 (p = ο 05) Concerning 

inflammation, the number of epidermal Τ lymphocytes and the number of monocytes 

and macrophages as well in the epidermis as m the dermis were found to be signi

ficantly reduced on the site treated with CP compared to the sites treated with vehicle 1 

and 2 and the control site On day four CP significantly reduced clinical erythema scores 

as compared to all other treatments Oedema or vesicle formations were not seen at all 

While performing this study a remarkable phenomenon was observed In one patient 

sharply demarcated annular regions of normal appearing skin within a pronounced 

erythema were noted Possibly, previous psoriatic lesions or initial psoriatic involvement 

below the clinical threshold were present around the visible lesion causing resistance to 

dithranol 

The studies described m section 41 suggest that the application of a super potent 

corticosteroid (CP) is the best approach to minimize dithranol irritation whereas CTS has 

virtually no effect in this respect It is however hazardous to translate these findings 

based on a four-day experimental model into the clinical practice The role of CP and CTS 

in reducing dithranol irritation during treatment of psoriatic plaques has to be studied m 

"real life", taking into consideration that an average of 37 ± 17 days is needed for inpatient 

treatment and 72 ± 17 days for short contact therapy (chapter 2) 

What is the best approach to manage dithranol irritation? There are several options 

Withdrawal of dithranol application is the first approach The above mentioned study 

indicates that a short intervention with a super potent corticosteroid is an alternative to 

encompass dithranol irritation 
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5.3 Innovations of dithranol treatment based on new insights in the in vivo 

actions of dithranol 

5.3.1 Dithranol in a cream preparation: disperse or dissolve? 

Since the start of the day care instruction programme in 1991 at the department of 

Dermatology of the UMC Nijmegen, a cream m which dithranol is dissolved in its fatty 

phase was used. The composition of this cream is shown in table 5.3.1 a. This cream 

formulation proved to be effective during several years of general use and is appreciated 

for its stability.3' The formulary of the Dutch pharmacists (FNA) developed a dithranol 

cream formulation with comparable efficacy but which was easier and less time 

consuming to prepare. In this formulation dithranol, salicylic acid and ascorbic acid are 

mixed and dispersed (not dissolved) in cremor Lanette I (table 5.3.1 a). The clinical 

efficacy, side effects and patient's appreciation of those two dithranol cream 

preparations were investigated in a double blind left right comparative study. Ten 

patients with chronic plaque psoriasis were treated with short contact dithranol therapy 

during seven weeks.The efficacy was monitored using the PASI.Skin irritation was scored 

and patient's appreciation was evaluated by means of a questionnaire. No difference 

between the two creams was observed with respect to the clinical efficacy and patient's 

appreciation. However, the FNA formulation induced less irritation. Compared to the 

cream previously used at our department, the FNA formulation is less expensive and the 

quality is more reliable, because it is less complicated to manufacture. In conclusion, the 

FNA formulation of dithranol is preferable." 

Table 5.3.1 a 

Dissolved cream Dispersed cream (FNA) 

Dithranol 

Cetiol V · (decyl oleate) 

Cetomacrogol wax 

Liquid paraffin 

Salicylic acid 

Sorbic acid 

Ascorbic acid 

Purified water 

χ gram 

200 + χ grams 

150 grams 

150 grams 

10 grams 

1,5 grams 

0,5 grams 

ad 1000 grams 

Dithranol 

Ascorbic acid 

Salicylic acid 

Cremor Lanette I FNA* 

xgram 

igram 

10 grams 

ad 1000 grams 

'Cetiol V (decyl oleate) 200 grami, emulsifying cetostearyl alcohol 750 grams, sorbitol 70 per 
cent crystallising 40 grams, sorbic acid 7,5 grams, purified water 5S5 grams 
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5.3-2 The impact of the frequency of short contact dithranol treatment 

As discussed in section 522 the prolonged and sustained inhibition of epidermal 

proliferation suggests that intermittent treatment might be sufficient and more patient 

friendly as compared to the usual once daily treatment One also may speculate that the 

overall treatment duration could be shortened by increasing short contact dithranol 

applications for instance, twice daily Therefore, the effectiveness of these two treatment 

strategies was studied Eight patients were treated twice daily every day, eight other 

patients were treated once daily, three days a week All patients m the twice daily group 

achieved at least a 90% reduction of the baseline area after 861 (± 11 2) days In the thrice-

weekly group, six out of eight patients achieved clearance after 91 7 (+ 29 4) days 

In the study described in chapter 2 a treatment duration of 72 ± 17 days with once daily 

dithranol application was observed The aim to shorten the treatment duration, was not 

achieved by increasing dithranol applications to a twice daily schedule The thrice-

weekly treatment certainly appeared to be effective m 6 out of 8 patients In a day care 

approach once daily application should be "the gold standard" However, m patients who 

can only manage application three times a week this intermittent schedule might be an 

option 54 

5.3.3 Dithranol short contact treatment of scalp psoriasis 

The treatment of psoriasis capitis starts with adequate descaling and intermittent 

applications of a potent corticosteroid emulsion or lotion Calcipotnol lotion m 

combination with such a corticosteroid might have additive effects'2 Despite this 

approach psoriasis capitis is sometimes therapy resistant The efficacy and side effects of 

dithranol short contact treatment m scalp psoriasis were studied 12 Patients out of 13 

with therapy resistant psoriasis of the scalp completed the treatment 6 Patients showed 

more than 80% clearance, 2 showed clearance between 40 and 80% and 4 patients 

showed a clearance below 40% After 3 months follow up the mean clearance was 

decreased from 58% (after treatment) to 55 8% From this investigation it can be 

concluded that dithranol short contact therapy is worth trying as an alternative m the 

treatment of scalp psoriasis if the first choice treatments are not effective " Treatment of 

scalp psoriasis, although effective, is rather t ime consuming and staining of dithranol 

seriously impedes this treatment as a popular ambulatory treatment The care 

instruction programme of a day care clinic is the optimal treatment setting to provide 

this treatment opportunity to patients with psoriasis 
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5.3-4 The influence of a topical corticosteroid on short contact high dose dithranol 

therapy 

Shortening the treatment time of dithranol may be possible by combination treatment 

In section 4 2 it was concluded that the combination of dithranol with a potent topical 

corticosteroid resulted in a higher clearing capacity without affecting remission duration 

using a follow up period of six weeks For 17 consecutive days, 2% dithranol cream was 

applied on two sites on the back for one hour A third site was left untreated (control) 

All three sites consisted of a psoriatic lesion with a penlesional area Subsequently one 

site was treated with clobetasol-17-propionate (dithranol/CP) and one site with the 

vehicle (V) of clobetasol-17-propionate (dithranol/V) The patients visited our department 

6 times At each visit, erythema, induration and scaling of the lesions were assessed on a 

5-point scale (sum score) In penlesional skin, the severity of erythema was 

estimated on a 5-point scale On day 17, lesionai and penlesional punch biopsies (3 mm) 

were taken from the three sites for immunohistochemical assessment During the follow 

up period of six weeks also lesionai sum scores were assessed MIB-1 was chosen as 

epidermal proliferation marker, MON-150 was used as differentiation marker Three 

inflammation markers were used anti-elastase (PMN), DAKO T11 (T lymphocytes) and 

WT14 (monocytes and macrophages) 

The clinical results showed that the sum scores of the lesions treated with the combina

tion dithranol/CP were significantly lower as compared to the sum scores of the lesions 

treated with the combination dithranol/V 

Comparing the dithranol/CP and the dithranol/V treated lesions, a lower number of 

cycling epidermal cells and a significantly lower perivascular dermal score of Τ lympho

cytes in the lesions treated with dithranol/CP was noted 

Comparing the penlesional skin of the two treated sites, less cycling epidermal cells in 

the dithranol/CP treated site were seen Regarding penlesional differentiation, the mter-

papillary mvolucrm expression was higher m the dithranol/CP treated site With respect 

to penlesional inflammation, the expression of dermal PMN, monocytes, macrophages 

and Τ cells in the dermal infiltrate were significant lower m the dithranol/CP treated site 

compared to the dithranol/V site 

The clinical seventy scores (sum) of the dithranol/CP and the dithranol/V treated lesions 

appeared to be equal 6 weeks after discontinuation of treatment 

This study indicates that the combination of dithranol with CP is highly effective Further 

studies are indicated with follow up periods longer than six weeks The dogma that 

corticosteroids added to dithranol treatment would restrict the subsequent duration of 

remission is challenged by this study 
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Perilesionally, the expression of dermal inflammation and epidermal proliferation 

markers was significantly lower in the dithranol/CP treated site as compared to the 

dithranol/V treated site after 17 consecutive treatment days. In contrast, the dithranol-

induced expression of involucrin in the perilesional area was enhanced by CP treatment. 

The significance of this increase is not clear. 

Figure 5.1 

Perilesional skin irritation, not affecting the Woronoff zone. 

Escalating dithranol concentrations are associated with a higher risk on side effects, in 

particular irritation of the skin (figure 5.1). A remarkable observation in this respect was 

the appearance of a sharply demarcated zone of marked erythema within the area of 

perilesional blanching, the so called Woronoff zone, on both dithranol/CP and dithra

nol/V treated sites (figure 5.2).36 Apparently, the addition of a topical corticosteroid had 

very little effect on this phenomenon. As suggested before the zone of Woronoff may 

reflect that anti-inflammatory mechanisms are operating in the normal, looking skin 

adjacent to the lesion.37 In the light of the present observation it is attractive to speculate 

that after repeated challenges with high dose dithranol, those anti-inflammatory 

mechanisms get exhausted whilst clobetasol-17-propionate has no inhibitory effect 

anymore or might even enhance this process. This observation stresses the necessity to 

avoid spreading of dithranol to perilesional skin. 
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Figure 5.2 

Sharply demarcated erythema within the 
Woronojf zone. 

5.3.5 Combining lesionai short contact dithranol therapy of psoriasis with a super 

potent topical corticosteroid 

The objective of the study presented in section 4.2 was to study the impact of the 

combination of dithranol and a topical corticosteroid on the long term course of 

psoriasis, evaluated by a 28 weeks follow up. Twelve patients with stable psoriasis 

vulgaris participated in this study.Three comparable psoriatic lesions on the extremities 

were treated for 39 consecutive days. The first lesion was treated daily with short contact 

dithranol cream immediately followed by the application of clobetasol-17-propionate 

ointment five days a week (dithranol/CP).The second lesion was treated daily with short 

contact dithranol cream followed by the vehicle of clobetasol-17-propionate ointment 

five days a week (dithranol/V). A third site was treated with clobetasol-17-propionate 

ointment five days a week (CP). The patients visited our department on days 1,4,9,12,15, 

18, 22, 25, 32 and 39 of the treatment period. At the first visit the baseline areas of the 

treated lesions were listed, while at the last visit the affected areas after treatment as a 
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percentage of the baseline area was recorded (area). At each visit, erythema, induration 

and scaling of the lesions were assessed (sum score). During the follow up at week 2,4, 

6,10,14,19,23 and 28 lesionai sum scores were assessed. In case a recurrence occured, the 

area involved was assessed as a percentage of the baseline area (area). 

In this study all patients treated with dithranol/CP showed clearance. One patient 

showed clearance on day 22, one on day 25, three on day 32 and five on day 39. Of the 

lesions treated with dithranol/V, one patient showed clearance on day 32, six on day 39 

and three showed marked improvement but did not reach clearance during the study. Of 

the lesions treated with CP, one patient showed clearance on day 15, two on day 22, three 

on day 32 and one patient on day 39. In three cases the lesions treated with CP showed 

moderate improvement and no tendency to reach clearance. Only 1 patient showed a 

relapse of the lesion treated with dithranol/CP. 6 Out of io patients showed a relapse of 

the lesions treated with dithranol/V. All 10 patients had a relapse of the lesions treated 

with CP. 

The overall difference between the three treatment responses, both with respect to 

treatment period and follow up period, were tested with a likelihood ratio test. 

Comparing the follow up data, it has to be kept m mind that the three treatments 

showed an overall significant different sum and area score at the start of the follow up. 

It is remotely possible that a prolonged treatment with dithranol/V up to total clearing 

might be followed by a similar post treatment remission as compared to dithranol/CP. 

The difference between the responses of the sum score during treatment (p < 0.001) was 

mainly due to a slower decrease in sum score during dithranol/V treatment as compared 

to the dithranol/CP and the CP treatment. The linear trends of both the sum score 

(p < 0.001) and the area scores (p < 0.001) during follow up indicate a more sustained 

remission following dithranol/CPtherapy:These scores started lowerand increased more 

slowly as compared to the other two regimes, indicating a slower relapse rate for the 

combination. 

The present thesis provides evidence for the hypothesis that the combination of 

dithranol and topical corticosteroids is a synergistic combination of treatments. 

Dithranol t reatment using escalating dosages, combined w i t h super potent 

corticosteroids deserves an extended study on large patient numbers in order to provide 

the evidence whether this combination should be used more frequently. 
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Summary 

Dithranol is a time-honoured antipsoriatic treatment, which is going strong for more 

than 8 decades.The present thesis has been focussed on three aims. 

The first aim of this thesis was the positioning of a care instruction programme for short 

contact dithranol treatment. In chapter 2 a multicentre study has been presented in 

which the effectiveness of UVB phototherapy, inpatient treatment with dithranol and a 

care instruction programme using short time exposures to dithranol was evaluated. It 

was concluded that short contact dithranol treatment is a highly effective and safe 

treatment for patients with moderate to severe psoriasis. In 59% of the patients treated 

with dithranol short contact treatment according to the care instruction programme, the 

psoriasis area and severity index was reduced by more than 90%. This improvement is at 

least as good as the improvement induced by UVB phototherapy, but inferior to inpatient 

dithranol treatment using the classical 24 hour applications. A remarkable observation 

was the prolonged post-treatment remission following dithranol treatment according to 

the care instruction programme as compared to classical 24 hour application of 

dithranol. 

Health related quality of life assessment indicated that the care instruction programme 

improved quality of life considerably and cost effectiveness analysis revealed that this 

principle is a very cost effective alternative as compared to inpatient treatment with 

classical dithranol applications during 24 hours. Therefore, the care instruction 

programme for short contact dithranol treatment has been shown - according to the 

rules of evidence based medicine - to be a highly effective and cost effective approach 

which improves quality of life considerably In the organisation of national health care 

specialised day care centres should be installed which have the expertise to provide this 

treatment approach. 

The second aim was to get further insight in dithranol irritation at the cellular level. In 

chapter 3, three in vivo models have been presented to study dithranol irritancy. Besides 

a clinical evaluation, cell biological aspects of epidermal proliferation, differentiation and 

inflammation after single and repeated challenges with dithranol cream have been 

studied. In sections 3.1 and 3.2 the findings in normal human skin and in uninvolved skin 

of patients with psoriasis have been presented. These results indicate an "overresponse" 

of psoriatic uninvolved skin to single dithranol challenge as compared to normal human 

skin with respect to the number of Τ lymphocytes, Langerhans cells and hyper-
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proliferative keratinocytes.The dynamics of changes after repeated challenges are grosso 

modo comparable with those after single challenge. The changes of differentiation 

markers suggest an abnormal responsiveness of uninvolved psoriatic skin with respect to 

differentiation. These findings are, compatible with the overresponsiveness of the 

clinically uninvolved skin of patients with psoriasis. In section 3.3 the effect of dithranol 

applications on the psoriatic lesion has been studied. It was concluded that epidermal 

proliferation is a sensitive marker to demonstrate an early effect of dithranol. As a 

substantial clinical efficacy was not seen following one single dithranol application, but 

appeared only after 12 applications, it was speculated that a certain degree of inhibition 

of cycling epidermal cells should be achieved m order to result in clinical improvement. In 

the light of these cell biological observations one might speculate: 

1. The dynamics of the cell biological responses suggest that intermittent applications 

might be a promising approach. 

2. As dithranol does not reduce the number of Τ lymphocytes it is suggested that the 

combination of dithranol with immunosuppressive treatments might bean effective 

approach. 

3. As the effect of dithranol on epidermal differentiation is limited, combinations of 

dithranol with retinoids or vitamin D3 analogues are challenging options. 

The third aim was to test some of the above mentioned hypotheses which were 

formulated based on data obtained from the immunohistochemical studies. As dithranol 

induces inflammatory changes in the symptomless skin, and topical corticosteroid and 

tar preparations have anti-inflammatory effects, it is likely that these treatments 

represent complementary approaches. In section 4.1 the effects of topical corticosteroids, 

a coal tar solution and their vehicles on dithranol irritation in uninvolved skin of patients 

with psoriasis were studied. The results indicate that a short intervention with a super 

potent corticosteroid is effective to reduce dithranol irritation. Sections 4.2 and 4.3 deal 

with the combination of dithranol therapy and a super potent topical corticosteroid. In 

section 4.2 the combination of dithranol with the super potent topical corticosteroid was 

more effective without affecting remission duration evaluated during a follow up period 

of six weeks In section 4.3 this combination proved to result in a reduction of the 

treatment t ime by approximately 50%, while the remission time was prolonged as 

compared to the monotherapies with dithranol or the corticosteroid preparation. 
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Dithranol short contact treatment according to the care instruction programme is an 

innovation in care for patients with moderate to severe psoriasis. Combination 

treatments with super potent topical corticosteroids enhance efficacy and reduce side 

effects. Based on new insights in the mode of action as presented in this thesis inter

mittent treatment with applications 3 times a week and combination of dithranol with 

treatments interfering with keratinisation and Τ cells are challenging options. 
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Samenvatting 

Dithranol wordt sedert meer dan 80 jaar met succes toegepast als topische behandeling 

van psoriasis In dit proefschrift werden drie doelstellingen geformuleerd 

De eerste doelstelling van het proefschrift was de positionering van een zorginstructie 

programma voor kort contact dithranol behandeling In hoofdstuk 2 werd een multi-

center onderzoek gepresenteerd waarin de effectiviteit van UVB-fototherapie, klinische 

24 uur behandeling met dithranol en kort contact dithranol behandeling werd 

geëvalueerd Geconcludeerd werd dat kort contact dithranol therapie een zeer effectieve 

en veilige behandeling is voor patiënten met een matige tot ernstige psoriasis BIJ 59% 

van de patiënten die werden behandeld met kort contact dithranol therapie werd een 

PASI-reductie bereikt van meer dan 90% Deze effectiviteit was te vergelijken met de 

verbetering na UVB-fototherapie, maar minder goed vergeleken met de klinische 24 uur 

behandeling met dithranol Een opmerkelijke observatie was de verlengde remissietijd na 

behandeling met kort contact dithranol therapie vergeleken met de remissietijd na de 

klinische 24 uur applicatie van dithranol 

De evaluatie van de resultaten van de health related quality of life enquêtes toonde een 

duidelijke verbetering van de kwaliteit van leven na kort contact behandeling met 

dithranol De kosten effectiviteit analyse toonde aan dat kort contact behandeling zeer 

kosten effectief is m vergelijking met de klinische 24 uur applicatie Concluderend kan 

worden gesteld dat het zorginstructie programma voor kort contact dithranol therapie 

volgens de regels van evidence based medicine een zeer effectieve en kosten effectieve 

behandeling is waarmee een duidelijke verbetering van de kwaliteit van leven kan 

worden bereikt Aanbevolen wordt gespecialiseerde dagbehandelmgcentra op te zetten 

met expertise op het gebied van kort contact dithranol behandeling 

De tweede doelstelling was een verder inzicht in dithranol irritatie op het cellulaire 

niveau te verkrijgen In hoofdstuk 3 werden drie m vivo modellen gepresenteerd om 

dithranol irritatie te bestuderen Naast een klinische evaluatie werden celbiologische 

aspecten van epidermale proliferatie, differentiatie en mflammatie na eenmalige en na 

herhaalde applicaties van dithranol creme bestudeerd In de paragraven 3.1 en 3.2 werden 

de bevindingen van de normale huid en van de met aangedane huid van patiënten met 

psoriasis beschreven De resultaten laten een "overresponse" zien van het aantal Τ lymfo-

cyten, Langerhans cellen en hyperproliferatieve keratmocyten van de met aangedane 

huid van patiënten met psoriasis vergeleken met normale huid na eenmalige applicatie 
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van dithranol. De dynamiek van veranderingen na herhaalde applicaties was grosso 

modo te vergelijken met de resultaten na eenmalige applicatie. De veranderde expressie 

van de differentiatiemarkers suggereert echter een abnormale reactiviteit van de niet 

aangedane huid van patiënten met psoriasis vergeleken met de normale huid met 

betrekking tot differentiatie. De relevantie van dit fenomeen blijft onduidelijk Deze 

bevindingen zijn in overeenstemming met de in de literatuur gerapporteerde verlengde 

respons van de klinisch niet aangedane huid van patiënten met psoriasis. In paragraaf 3.3 

werd het effect van dithranol applicatie op de lesionale huid van psoriasis patiënten 

onderzocht. Geconcludeerd werd dat epidermale proliferatie een gevoelige marker is om 

vroege effecten te demonstreren. Een substantieel klinisch effect werd met gezien na 

eenmalige applicatie van dithranol. Pas na 12 applicaties werd een klinische respons 

gezien van de psoriasis plaques. Geconcludeerd werd dat een bepaalde drempel van 

inhibitie van epidermale proliferatie bereikt moet zijn om een klinisch effect te zien na 

dithranol behandeling. Op basis van bovenstaande celbiologische effecten wordt 

geconcludeerd dat: 

1. De dynamiek van celbiologische responsen suggereert dat intermitterende 

applicaties een veelbelovende aanpak zou kunnen zijn. 

2. Omdat dithranol het aantal Τ lymfocyten niet reduceert wordt gesteld dat de 

combinatie van dithranol met immunosuppressieve behandelingen een effectieve 

aanpak zou kunnen zijn. 

3. Omdat het effect van dithranol op epidermale differentiatie beperkt is zouden 

combinaties met retinoiden of vitamine D3 analogen aantrekkelijke opties kunnen zijn. 

De derde doelstelling was enkele van de bovenstaande hypothesen te testen. Omdat 

dithranol inflammatoire veranderingen veroorzaakt in de niet aangedane huid van 

patiënten met psoriasis, zouden combinaties van dithranol met topische corticosteroiden 

en teer preparaten complementair kunnen zijn. In paragraaf 4.2 werden de effecten van 

een corticosteroid zalf, een koolteeroplossing in een zalf en de véhicula van beide 

externae op dithranol irritatie bestudeerd. De resultaten tonen aan dat een kortdurende 

interventie met een super potent corticosteroid effectief is m het reduceren van 

dithranol irritatie. Paragraven 4.2 en 4.3 behandelen de combinatie van dithranol 

therapie gecombineerd met een super potent corticosteroid. In paragraaf 4.2 werd 

aangetoond dat deze combinatie meer effectief is vergeleken met monotherapie met 

een van beide en dat de remissieduur gedurende de follow-up van 6 weken niet wordt 

beïnvloed. In paragraaf 4.3 werd aangetoond dat de combinatie resulteert in een 
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reductie van behandeltijd met ongeveer 50% en een verlenging van de remissieduur 

vergeleken met monotherapie met dithranol of monotherapie met de corticosteroid zalf. 

Dithranol kort contact therapie volgens het zorginstructie principe is een innovatie in de 

zorg voor patiënten met een matige tot ernstige psoriasis. Combinatie behandelingen 

met super potente topische corticosteroiden verhogen het effect en reduceren de 

bijwerkingen. Gebaseerd op de nieuwe inzichten m het werkingsmechanisme van 

dithranol zoals gepresenteerd in dit proefschrift zijn intermitterende behandeling met 

applicaties 3 maal per week en de combinatie van behandelingen gericht op keratinisatie 

en Τ cellen uitdagende opties. 
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Dithranol is de meest effectieve topische therapie voor psoriasis -dit proefichnft-

Dermatologische dagbehandeling heeft toekomst -dit proefichnfl-

Matige therapietrouw is een belangrijke oorzaak van tegenvallend therapie resultaat 
-dit proefschrift 

Baseline area en PASI hebben geen voorspellende waarde voor het therapie effect bij 
psoriasis Induratie van de plaques en systemische behandelingen van de psoriasis in de 
voorgeschiedenis wel -dit proefschnft-

BIJ de beoordeling van de effectiviteit van een psoriasis therapie is de remissieduur een 
belangrijke effectmaat -dit proefschrift 

Tijdige herkenning en adequate behandeling van dithranol irritatie zijn van significant 
belang voor de behandelmgsduur -dit proefichnfi-

De langdurige remming van epidermale proliferatie na eenmalige dithranol applicatie 
suggereert dat intermitterende behandeling effectief zou kunnen zijn 
Klinische evaluatie bevestigt dit -dit proefschnft-

BIJ dithranol irritatie is een korte interventie met een super potent topisch cortico
steroid een alternatief voor onderbreking van dithranol applicatie Teerzalf daarentegen 
veroorzaakt een verergering van de irritatie -dit proefichnfi-

Super potente topische corticosteroiden verhogen het antipsoriatische effect van 

dithranol -dit proefschrift-

Op basis van de inzichten zoals beschreven in dit proefschrift kan gesteld worden dat 

combinaties van dithranol met behandelingen gericht op beïnvloeding van de 

keratimsatie en Τ lymfocyten uitdagende opties zijn -dit proefschnft-

To leave a trail of silver scale about the house and blood-stains on the sheets and fear 

the public gaze - this is a cruel fate -Ingram-

Er gaat meer boven je pet dan er onder -Toon Hermans-

Si tu veux recevoir il faut savoir tendre la main -Afrikaans gezegde-

Res severa verum gaudium -Seneca-

Vroeger deden de mensen nog belangrijke dingen,'s zondags liepen ze naar de hei en 

gingen ertegen een boom zitten -Core/Swmkels-
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