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Introduction 

Definition 

Atopy can be defined! as a genetically determined disorder with an increased liability to fonm IgE 

antibodies and an increased susceptibility to certain diseases, especially asthma, hay fever and 

atopic dermatitis, in which such antibodies may play some role. Atopic dermatitis is the 

characteristic clinical dermatosis associated with atopy. 

Historical background 

The first documented person with atopic symptoms is believed to have been Pharaoh Menes of 

Memphis,’ who died in about 2990 B.C., from what is presumed to have been a hornet sting. The 

earliest description of atopic dermatitis is thought to be the recording of the symptoms and signs 

of Emperor Augustus (63 B.C. — 14 A.D) by the Roman historian Suetonius.” 

In 1892, the French dermatologist Besnier* described three patients with a familial, pruritic 

skin disease which he called ‘‘prurigo diathésique”. The report led to the acceptance of the 

disease as a separate entity. 

Coca and Cooke’ coined the term ‘“‘atopy” after a suggestion by Perry of Columbia University 

in 1923. The word, derived from the Greek ‘‘a” (no) and “topos” (place), had been used in the 

sense of a “strange disease”. Coca and Cooke, however, suggested that it be used in a more 

specific way, restricted to the hay fever and asthma group of diseases. 

The term ‘atopic dermatitis” was introduced by Wise and Sulzberger’ in 1933. 

Pathogenesis 

The pathogenesis of atopic dermatitis is unclear. Studies during the past years have, however, in 

some respects contributed to its elucidation. 

A number of defects are known to occur. Immunological abnormalities include a reduced 

number of T-lymphocytes,’ particularly of the T-suppressor subset.*"” The T-helper/T-suppressor 
ratio is increased and the function of T-suppressor cells is impaired.'” The monocyte and 

granulocyte chemotaxis is depressed.'' A defect in the cell-mediated immunity has been 

documented in several studies.'*'* The increase in serum levels of IgE is well known." 
Immunological challenge with acetylcholine, ant-[gE and compound 48/80 has shown increased 
histamine release with skin concentrations twice as high as in healthy controls.'° A predominance 

of T-helper cells admixed with Langerhans cells in the dermal infiltrate in atopic dermatitis has 

been demonstrated.’ Increased numbers of mast cells have been shown in lichenified atopic 

skin.'*” The role of eosinophils has also been a matter of investigation. A recent finding that 
eosinophil cationic protein (ECP) levels are increased in patients with atopic dermatitis” supports 

the concept of an active participation of eosinophils in this disease.” 

A theory that atopic dermatitis is connected with hypersensitivity to exogenous factors, such as



house dust mites, human dander, inhalant allergens, Staphylococcus aureus and Pityrosporum 

orbiculare has emerged. This is based on a number of observations. 

The cell-mediated hypersensitivity to house dust mites has been found to be increased. in 

patients with atopic dermatitis.” A soluble glycoprotein from eggs and feces of house dust mites, 

designated antigen P 1, has been found to produce high levels of IgE and IgG antibodies in these 

patients, but not in healthy controls; epicutaneous test with antigen P 1 yielded positive reactions 

on mild abrasion of atopic skin.” Furthermore, Young et al” found that only subjects suffering 
from atopic dermatitis are susceptible to sensitization by antigen P 1 and various human dander 

fractions when these are applied on skin devoid of stratum corneum. Patch testing with inhalant 

allergens in patients with coexisting allergic rhinitis resulted in positive reactions in four of nine 

patients.” Langerhans cells, antigen-presenting dendritic epidermal cells known to participate in 

contact hypersensitivity reactions, e.g. to dinitrofluorobenzene (DNFB),”’ have, in lesional as 

well as in non-lesional skin of patients with atopic dermatitis, been found to exhibit IgE molecules 

on their surface. This feature seems specific for atopic dermatitis, since the same phenomenon 

has not been found in healthy controls, nor in patients with allergic asthma, contact dermatitis 

and schistosomiasis.” 
The skin of patients with atopic dermatitis is widely colonised with S. aureus: lesional, 

macroscopically non-infected skin has a carriage rate of 80-93%" and non-lesional skin 
51-78%.” * In comparison, the skin of healthy individuals exhibits rates of 3-8%.** The exact 
role of this bacterium in the pathogenesis of atopic dermatitis is, however, still unclear. 

The lipophilic yeast P. orbiculare has also been discussed as a pathogenic factor, especially in 

patients with atopic dermatitis of the head and neck type. Clemmensen and Hjorth* found a 

Statistically significant effect of antifungal therapy in atopic patients with head and neck 

dermatitis and positive prick tests for P. orbiculare. Later, Wersted and Hjorth” investigated the 

presence of type I sensitivity to this organism in this disease category. They found, that 28% of 

the patients had positive prick tests, as compared with 6% of patients with atopic dermatitis with 

little or no involvement of the head and neck area. Patients with atopic mucous membrane 

manifestations alone exhibited postitive prick tests in 2%, those with uncertain atopy without skin 

problems in 0%, and those with urticaria in 1%. 

Abnormalities in the metabolism of cyclic AMP (cAMP) have also been found. McMillan et 

al*’ detected increased levels of cAMP-phosphodiesterase in cord blood of atopic babies, thus 

indicating that it is a hereditary feature. A hypothesis for the mechanism involved is that the 

inherited phosphodiesterase levels lead to decreased cAMP, which increases the release of 

histamine from cells. Histamine, in turn, would inhibit T-suppressor cells, leading to increased 

IgE levels.***? 

The importance of essential fatty acids in atopic dermatitis has been debated. Manku et al" 

found elevated levels of the main dietary essential fatty acid, linoleic acid, in the plasma 

phospholipids of adult patients with atopic dermatitis, but significantly reduced levels of its 
metabolites, gamma-linolenic acid, dihomogammalinolenic acid and arachidonic acid. 

Clinical features 

The diagnosis of atopic dermatitis relies on a number of clinical and laboratory features. The most 
widely used diagnostic criteria are those of Hanifin and Rajka,*' but others have been 
elaborated.”



Atopic dermatitis has a clear hereditary factor. Studies by Schultz Larsen et al have shown 

monozygotic twin pairs to be more often concordant for atopic dermatitis than dizygotic twins. 

Monozygotic twins run a risk of 0.86 of having atopic dermatitis if the twin partner has the 

disease, whereas the corresponding figure for dizygotic twins is 0.21; this figure does not differ 

from the frequency seen in ordinary brothers and sisters. Kjellman“ studied the familial 

occurrence of atopy. He found that when both parents had an identical type of atopic disease, 

respiratory or skin, the incidence of atopic disease was higher (72%) than when non-identical 

types occurred in the parents (21%). 
The prevalence and incidence of atopic dermatitis has been subject to numerous surveys, but 

the differences in methodology make it somewhat difficult to compare the results. It appears, 

however, that the prevalence/incidence is increasing. In 1955, Walker and Warin* found the 
cumulative incidence among children 1-5 years of age to be 3.1%. Kjellman* made a survey in 

1975; the cumulative incidence among seven-year-old children was 8.3%. The same age-group 

was investigated in 1981/82 by Storm et al,*° who reported a cumulative prevalence of 8.9%. A 

study of 12-16-year-old adolescents showed a point prevalence of 3.0%.” In an American study of 

children 5-15 years of age the prevalence was calculated to be 4.4%." In adults, atopic dermatitis 

often manifests itself as hand eczema. Recently, Meding found atopic hand eczema to constitute 

22% of all hand eczema cases, an increase compared to previously published studies.” 

The prognosis of atopic dermatitis has been studied by several investigators. The most 

favourable results have been obtained by Vickers,™’ who found a clearing rate of 90% at the age of 

15. Less encouraging figures have also been reported. Burrows and Penman”! found clearing of 

the disease in only 17% of the patients. Rystedt,” in a study with at least 24 years’ follow-up, 

noted that 38% of the patients who in the 1950s had been hospitalised in a dermatology ward on 

at least one occasion were free of dermatitis at the time of follow-up (early 1980s), while 60% of 
those treated as outpatients achieved healing. 

Treatment of atopic dermatitis 

During the past years, a great many remedies have been used, many of which have now been 

abandoned: tuberculin, sulphur, propeptan, pepton, fever therapy, autohemotherapy, internal 

treatment with hormones (adrenaline, thyroid hormones), vitamins, arsenic and histaminase.’ 

When no ideal treatment exists, numerous modes of therapy are employed. This is also the case 

with atopic dermatitis. 

The basis of all treatment is general measures,' such as reassurance, avoidance of factors known 

to aggravate atopic dermatitis and occupational guidance. Emollients used on a regular basis are 

also essential. 

The most dominating type of therapy today is topical corticosteroids,” with which every atopic 

dermatitis patient makes acquaintance. Another topical agent still used by many dermatologists is 

coal tar.~In clinical trials, several other drugs have been used. Thirty per cent caffeine mixed with 

0.5% hydrocortisone has, in one trial,’ been found to have the potency of betamethasone. 

Topical sodium cromoglycate is another substance that has been subjected to investigation. The 

good results reported’’ have, however, not been reproducible in other trials.**~? 

Systemic therapy includes antibiotics, antihistamines of the H, type and oral corticosteroids. 

Other systemic agents reported to be efficacious include corticotrophin,” cytostatics®! and 

thymopoietin pentapeptide.” A recent contribution to the therapeutic arsenal is gamma-linolenic
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acid, used in a particular variety of evening primrose oil (Epogam). This agent has been subjected 
to several clinical trials. A meta-analysis of these has shown its efficacy. Analogous to its topical 

equivalent, oral sodium cromoglycate has in the hands of some investigators yielded good 
results,“ while others have found it ineffective.* Systemically administered transfer factor 
(dialyzable leukocyte extract), levamisole, a nonspecific immunostimulant,® cimetidine, an 

H,-receptor antagonist,”and nedocromil sodium, a mast cell stabiliser,” have all been found 

ineffective. 
The role of foods in atopic dermatitis is not completely clear and the subject of diet 

manipulation is controversial,” but it has many advocates.” 
Increased knowledge of the importance of microorganisms for atopic dermatitis has yielded 

antimicrobial methods for the treatment of this disease. The antistaphylococcal agent mupirocin 

has been shown to be effective in the treatment of atopic dermatitis.*! The head and neck variety 

has been successfully treated with ketoconazole,® an antifungal agent with effect on organisms 
such as P. orbiculare. 

X-rays, mainly in the form of superficial radiotherapy (grenz ray therapy; Bucky therapy), have 

also been employed for e.g. eczema of the hands” and also for atopic dermatitis. 
The use of ultraviolet radiation will be discussed below. 

Phototherapy of atopic dermatitis 

Historically, there have been deviating opinions on the effect of sunlight in patients with atopic 
dermatitis. Rasch (1913)” believed that the disease was aggravated by sunlight, an opinion shared 

by Haxthausen (1919). The first known dermatologist to arrive at a diverging conclusion was 

Buschke, who, at a balneological congress in 1929, stated that the effect of sea climate on atopic 

dermatitis was “simply surprising’”’.” Later (1940s), other investigators, such as Lomholt” and 
Norrlind,” came to the same conclusions and stated that most patients improve in the summer 

months. Nexmand (1948)* interviewed 83 patients with atopic dermatitis with regard to influence 

of the summer season on their disease; in 54% it improved or cleared completely, in 29% it was 
aggravated and in 17% no change was noted during the summer. Since this period, there has been 

a consensus on the benefit of sunny climate””*’*! but not on the reasons therefore. In particular 
UV radiation has been regarded with scepticism. In a dermatology textbook from 1956,” artificial 

UV sources are said to be very poor substitutes for natural sunlight and potent UV sources to be 

sometimes irritating rather than helpful. Hartung” classifies atopic dermatitis as a disease 

favourably influenced by general climatotherapy but unresponsive to UV radiation and also 

stresses that the UV radiation of the North Sea climate has “‘not the slightest effect’? on the 

disease. Magnus® lists atopic dermatitis under “primarily non-photosensitive dermatoses 

aggravated or precipitated by sunlight’. 
The first report on the systematic use of UV radiation for the treatment of atopic dermatitis is 

from 1948.°> Nexmand treated 57 patients with a carbon arc lamp, a treatment he called 

“generalized ultraviolet light’. The results were quite encouraging; 17.5% of the patients cleared, 

40.4% improved, 8.8% deteriorated, while the remaining 33.3% remained unchanged. 

Papers on therapy of atopic dermatitis with modern fluorescent UV lamps started emerging in 

the end of the 1970s. Apart from the present studies, I have found 2 reports on treatment with 

UVA,®* 5 on UVB," 7 on combined UVA and UVB (UVAB)**°*! and 8 on PUVA.*-?-°7 
Furthermore, one study deals with the use of infrared rays. These studies will be discussed 

further below.
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Properties of ultraviolet radiation 

Ultraviolet radiation (UVR) is the part of the electromagnetic spectrum which is surrounded by 

X-rays and visible light. UVR is traditionally subdivided into three spectral regions depending on 

wavelength; UVA, 400-315 nm, UVB, 315-280 nm, and UVC, 280-100 nm.”*” UVA passes 

through window glass and is considered to be the least harmful of the three wavebands. UVB, 

attenuated by window glass, is responsible for the formation of vitamin D, but has negative effects 

in the form of reactions such as burning, photoaging of the skin and skin cancer formation. UVC 

rays are filtered by the ozone layer and thus do not reach the surface of the earth. However, 

humans can be exposed to UVC, since this can be produced by artificial sources.” Sunlight 

encompasses the wavelengths between about 290 nm and 2,500 nm. In northern Europe, the 

irradiance at noon during the summer is 40 W/m? (4 mW/cm’) UVA and below 3 W/m’ (0.3 

mW/cm?) UVB.” 
The only well-established benefit of exposure of normal skin to UVR is production of 

vitamin D.” However, it can be used for the treatment of numerous skin diseases,'” a typical one 
being psoriasis.'"' The risks, which will be further elaborated below, include photoaging and 

production of non-melanoma and melanoma skin cancer." In addition, UVR is known to 
aggravate or precipitate certain skin diseases, e.g. lupus erythematosus, porphyria cutanea tarda 

and actinic reticuloid."” 

Aims of the study 

The aims of the study were: 

@ to determine whether ultraviolet light has any effect in the treatment of atopic dermatitis, and, 

if so, which wavebands are the most efficacious, 

@ to evaluate the risks with phototherapy of atopic dermatitis, and 

© to investigate the in vivo effect of ultraviolet radiation on the bacterial skin flora of patients 

with atopic dermatitis.
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Material and methods 

A. Common features (I-VI) 

Patient selection 

All patients fulfilled the diagnostic criteria of atopic dermatitis of Hanifin and Rajka."! 

UVR sources 

The following fluorescent UVR tubes were used. (All of the lamps emit, besides UVR, also 

visible and infrared rays, but only the UVR content is commented on.) 

Philips TL 12. The TL 12 tubes (Philips, Roosendaal, The Netherlands) have a continuous 

emission spectrum from about 270 nm into the visible light region, with a peak at 313 nm. Most of 

the output is in the UVB region; this lamp is therefore referred to as a UVB lamp. UVB 

constitutes 61.6% of the output, UVA 31.3% and UVC 7.1% (paper V; UVB here defined as 
290-320 nm and UVA as 320-400 nm). 

Wolff Helarium B1-12. The Helarium lamps (Cosmedico, Stuttgart, Germany) have an 
emission spectrum ranging from 280 nm to the region of visible light. The peak is at 325 nm. The 
output comprises UVA, 74.0%, and UVB, 26.0%. This lamp is referred to as a UVAB lamp. 

Philips TL 09. The TL 09 tubes have an emission spectrum from 290 nm to the visible light 

region. Their output is concentrated to the UVA band, the UVB content being only about 0.35% 

(measurements by the Swedish Radiation Protection Institute). They are commonly used in 

commercial UVA solaria. Below, this lamp is referred to as a UVA lamp. 

UVASUN 3000. The UVASUN lamp (Mutzhas, Munich, Germany), a high-pressure mercury 

lamp with heavy metal halides, can be used with various filters. The one used by us, designated as 

a “UVA filter”, eliminates wavelengths shorter than 345 nm permitting treatment with pure 

UVA. The emission spectrum ranges from 345 nm to 445 nm, the peak being at 370-375 nm. The 

designation UVAI lamp is used below. 

UVR radiometry 

Irradiance measurements were performed with an International Light (International Light Inc. , 

Newburyport, Mass., U.S.A.) Radiometer/Photometer IL 1350. The UVB output was measured 
using the IL SED 240 probe with a sensitivity of 230-330 nm and peaks at 285 and 295 nm. For 

UVA irradiance measurements the IL SED 015 probe was utilised; the sensitivity of this sensor is 

300-400 nm, its maximum being at 355 nm. 

Patient evaluation 

Assessment of patients’ clinical status relied on eight effect variables, namely pruritus, 

lichenification, scaling, xerosis, vesiculation, excoriations, erythema and overall (global)
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_._eyaluation. Each variable was assigned a score from. t6.3:-0; none; 1, slight; 2, moderate; and 3f: 

severe. The sum of these scores was designated~as the total score. The scale allowed 0.5 

subdivisions. aR; 

Healing was evaluated using a scale from 3 to--1: 3, completely cleared; 2, considerably 

improved; 1, somewhat improved; 0, unchanged; and —1 deteriorated. 

Statistical analysis 

Wilcoxon’s matched-pair signed rank test was used in papers I-IV. In order to avoid the problem 

of mass significance, an analysis of only the variables considered to be of greatest importance was 

performed. In paper VI the following tests were employed: Student’s t-test for comparison of 

bacterial densities, Wilcoxon’s matched-pair signed rank test for analysis of clinical variables and 

Spearman’s rank correlation test for correlation analysis. A difference was considered statistically 

significant when p<0.05 (two-tailed). 

B. Specific features 

I. UVB versus visible light; medium-dose UVB versus high-dose UVB 

Two paired-comparison left-right randomised studies (1 and 2) were undertaken. 

The following exclusion criteria were developed: oral corticosteroid therapy; use of topical 

agents other than mild corticosteroids (hydrocortisone 0.51%) and emollients during and two 

weeks prior to entry into the study; asymmetric dermatitis lesions; exposure to UVR (delivered in 

a sunbed or while sun-bathing) 4 weeks before the study; and patient age below 15 years. No 

phototherapy was performed in the summer months. 

In study 1, 17 patients with a mean age of 24.9 years and a mean total disease duration of 20.1 

years were treated for 8 weeks with UVB on one body-half and with Osram L 36W/30 tubes 

emitting visible light without any measurable UV content (by us considered as placebo) on the 

other. Treatments were given three times a week for a maximum of 8 weeks, or until the clearing 

of at least one side. The patients were phototested and randomised into two treatment groups, 

one receiving 0.5 of an assessed minimal erythema dose (MED) and the other receiving 1.0 

MED. A 20% dose increment schedule was applied. 

Study 2 comprised 25 patients with a mean age of 25.9 years and a mean disease duration of 

21.4 years. They underwent treatment 3 times a week for up to 8 weeks using UVB tubes. MED 

testing was performed every other week on the left and right side separately. One body-half 

received 0.4 MED and the other 0.8 MED, dose adjustments being made at two-week intervals. 

II. UVAB versus UVB 

Thirty patients with a mean age of 24.8 years and a mean disease duration of 20.5 years were 

treated in a left-right randomised fashion with UVB on once side of the body and with UVAB on 

the other. Phototherapy was given three times a week for up to 8 wecks or until the clearing of at 

least one body-half. With both types of irradiation, the aim was to deliver approximately 0.8
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MED. With UVAB treatment, the dose was increased each treatment session to a maximum of 

30 mJ/cm? UVB and 8.3 J/cm? UVA (25 minutes in the UV cabinet). The upper limit for UVB 
dosage, 765 mJ/cm?, was not reached by any subject. 

After termination of the treatment period, each patient was asked which of the two treatments 
he had found most effective. In addition, each patient was asked to complete an assessment form. 

The questions concerned comparison of the two treated sides with regard to preference (‘which 
treatment do you prefer?’’) and side-effects. 

The same exclusion criteria as in paper I were employed. 

III. UVA versus UVB 

Twenty-one patients aged 23.3 years (mean) with a mean disease duration of 19.6 years 

participated in this left-right paired-comparison study. They were treated with UVA on one body- 
half and with UVB on the other thrice weekly for up to 8 weeks. On the UVA-treated side the 

initial dose of 7 to 11 J/cm? was adjusted at each treatment session in 2 J/cm? increments to a 

maximum of 15 J/cm’. The UVB treatment, preceded by phototesting, aimed at delivering 

approximately 0.8 MED. The assessment made by patients after completion of the therapy was 

identical to that in paper I. 

Exclusion criteria identical to those of paper I were used. 

IV. Low-dose UVB versus UVAB; UVA versus UVAB 

Two left-right paired-comparison studies were performed. 

In study 1, 18 patients with a mean age of 28.3 years and a mean disease duration of 24.8 years 
were irradiated with UVB on one half of the body and with UVAB on the other. The UVB dose 

was increased every other week depending on the results of MED testing, each time adjusting it 

to the level of 0.2 MED. The UVAB treatment was performed in a way similar to that described 

in paper II, but without phototesting. The initial exposure time was determined depending on 

each patient’s skin type. 

Study 2 comprised 25 patients aged 24.0 years (mean) with a mean disease duration of 20.4 

years. The arms or legs of participating patients were treated 5 times a week for 3 weeks with 
UVA1 on one side of the body and with UVAB on the other. Due to the small size of the UVA1 

lamp (24 x 29 cm), half-body treatment could not be given. Untreated areas were covered with a 

two-layered thick dark cotton sheeting, except for the face, which was irradiated with UVAB light 

but not evaluated. In 19 patients, dermatitis patches extending beyond the areas to be treated 

were found. These served as untreated controls. UVA1 therapy commenced with a dose of 10 or 

20 J/cm’. It was increased each treatment session by 10 J/cm’ to a final dose of 30 J/cm?. The set- 

up of the UVAB therapy was similar to that described in paper II. 

The evaluation after termination of the therapy made by the patients was identical to that in 

paper II. 

Exclusion criteria identical to those described in paper I were employed.



V. Dosimetry 

Thirty-four patients undergoing phototherapy for atopic dermatitis were subjected to UVR dose 

measurements during treatment. Of these, 23 were were irradiated with UVB lamps and six with 

UVAB lamps. The remaining five patients, who also were enrolled in the study described in 

paper II, received treatment with both lamps, UVB on one body-half and UVAB on the other. 

Treatment was given two to three times a week for a maximum of eight weeks. 

At each treatment session, the doses received at the shoulder, hip and knee of each patient 

were recorded using the polymer film polysulphone.' The 40 um thick polysulphone film was 
mounted in cardboard mounts with a central aperture of 12 x 16 mm. This type of film can be used 

as a UVR dosimeter by relating the incident radiation exposure to the increase in optical 

absorbance of the film at 330 nm (AA,;)) measured before and after irradiation.'" The film was 

calibrated by exposure for varying times to the UVB and UVAB lamps, respectively, and the 

relation of the AA, to erythemally effective doses determined spectroradiometrically.""’ One 

MED in unacclimatised white skin corresponds to 30 mJ/cm? (300 J/m’). The advantages of the 

film dosimeter were that it provided a simple means of integrating UVR exposure continuously 

and allowed the three anatomical sites to be compared simultaneously. 

With UVB treatment the aim was to give suberythemal doses of 0.5-0.8 MED with a dose 

increment schedule of 20%. The UVAB treatment regimen was similar to that of paper I. 

The risk for the development of non-melanoma skin cancer was calculated using a previously 

described mathematical model.'° 

VI. Skin bacteria and UVB treatment. 

Fourteen patients with a mean age of 22.9 years and a mean disease duration of 19.1 years were 

treated with UVB tubes three times a week for eight weeks. 

The exclusion criteria set up were: UVR treatment or sun-bathing one month prior to the 

study, use of systemic corticosteroids, use of oral or topical antibiotics or antimycotics during and 

one month before enrolment in the study, use of topical preparations containing salicylic acid one 

week before and during the study, and age below IS years. A requirement for inclusion was the 

presence of dermatitis lesions on the patient’s chest. Use of topical preparations other than 

Uniderm® ointment (containing only hydrocortisone 1%, liquid paraffin and white petrolatum), 

Essex ointment (the base of Uniderm® ointment) and white petrolatum on the chest was banned. 

Bacterial culture samples were collected from the chest area before the start of phototherapy, 

midway (4 weeks) and after termination of therapy (8 weeks). On the latter two occasions, 

cultures were performed 30 min and 24 h after UVB irradiation. Twenty-four hours prior to this 

irradiation and 24 h prior to the pre-treatment sampling, no topical preparations, including the 

use of soap, were allowed. Samples were recovered from lesional and non-lesional skin at 
approximately the same location each time. 

The technique for quantitative bacterial cultures used was that described by Williamson & 

Kligman.'” Samples were collected using a stainless steel ring covering an area of 5.5 cm skin, a 

glass rod and | ml of sterile 0.075 M phosphate buffer, pH 7.9, containg 0.1% Triton X-100. Ten- 

fold dilutions were inoculated on to a blood agar medium. After an incubation at 37°C for two 

days, the dishes were examined. Colonies of different morphological types were counted and 

selected for identification. Gram staining was done and appropriate biochemical tests. performed 

for identification as described by Stockes.'*
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Results 

I. UVB versus visible light; medium-dose UVB versus high-dose UVB 

Study 1 - UVB versus visible light ss 

Clearing: UVB treatment yielded clearing or considerable improvement in 13 of 17 patients as 

compared with one patient with placebo irradiation (p<0.0001). 

Clinical scores: The better effect of UVB treatment compared to placebo was also reflected in 

significantly lower clinical posttreatment scores: total score, 5.0 and 8.0, respectively (p<0.001); 

pruritus score, 0.8 and 1.8, respectively (p<0.001); and overall evaluation score, 0.7 and 1.4, 

respectively (p<0.001). The activity of the patients’ dermatitis as measured by the total score 
improved significantly with both types of irradiation when pretreatment values were compared 

with posttreatment ones. A decrease from 9.9.to 5.0 (UVB; p<0.001) and 8.0 (placebo; p=0.008) 

was observed. 
Dermatitis extent: The percentage of dermatitis skin involvement was reduced with UVB 

treatment from a mean of 13.0% to 2.5% and with placebo tubes from 13.1% to 7.5%. This 
difference in effect in favour of UVB is statistically significant (p<0.001). 

Dosage regimens: No statistically significant difference between treatment with 0.5 and 1.0 

MED could be detected. However, the number of patients analysed was small. 

Consumption of topical preparations: Ten of 17 patients reported having used more topical 

corticosteroids on the placebo-irradiated side, one had used more on the UVB-treated side, while 

the remaining six had used equal amounts bilaterally or used no steroids whatsoever. Emollients 

were used by all patients; two subjects used more on the placebo side, four on the UVB side and 

11 used equal amounts on both body-halves. 

Side-effects: The side-effects reported were burning (over-exposure erythema) and xcrosis. 

Thirteen of 16 patients who answered a questionnaire stated they had been burnt on the UVB- 

treated side on some occasion. Two of the patients, both receiving 1.0 MED, considered this side- 

effect to be severe. Burning was not reported by any patients with placebo irradiation. This 

difference was statistically significant (p<0.0001). Eleven subjects complained of xerosis with 

UVB treatment, while 4 did so with placebo irradiation. This difference was not statistically 

significant. 

Patient assessment: Out of the 16 patients who completed an assessment form given to them 

after completion of the therapy, 15 stated they would prefer to be treated with UVB, while | 

subject, who failed to respond to UVB therapy, preferred visible light. When asked which of the 

two types of irradiation had been most efficacious, 13 replied UVB, none replied visible light, 

while 4 found both equally efficacious. 

Study 2 — Medium-dose UVB versus high-dose UVB 

Clearing: Clearing or considerable improvement was achieved in 15 of 25 patients with 0.8 MED 

and in 16 with 0.4 MED treatment. This difference was not statistically significant. 

Clinical scores: No significant differences in analysed clinical scores, i.e. total score, pruritus
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score and overall evaluation score, could be detected. The mean total score improved with both 
treatments when pretreatment and posttreatment values were compared (p<0.01). 

Side-effects: The side-effects reported were similar to those seen in study 1. 

II. UVAB versus UVB 

Clearing: Twenty-six of 30 UVAB-treated body-halves cleared or improved considerably, as 

compared with 25 UVB-treated ones. The difference was not statistically significant. 

Clinical scores: UVAB treatment reduced the analysed clinical scores significantly more than 

did UVB, the mean posttreatment values being: total score 5.2 vs. 6.1 (p=0.002), pruritus score 

1.0 vs. 1.2 (p=0.04), and overall evaluation score 0.65 vs. 0.80 (p=0.03). Both therapies 
improved the total score significantly, with a reduction from a mean pretreatment value of 10.8 to 

5.2 (UVAB) and 6.1 (UVB) (both p<0.001). 
Dermatitis extent: No statistically significant difference in the effect of the two treatments on 

extent of dermatitis could be detected, both reducing the mean pretreatment extent of 12% to 3% 

of body surface (hands and head excluded). 

Consumption of topical preparations: Twenty of 30 patients were using hydrocortisone at the 

termination of therapy. Three of these stated they used more on the UVB-treated side, one 

patient used more on the UVAB-treated side, while the remaining 16 used equal amounts 

bilaterally. Nine of 29 patients using emollients reported having used more on the UVB side, 

whereas the remaining 20 used equal amounts on both body-halves. 

Side-effects: Burning (over-exposure erythema) and xerosis were the two most common side- 

effects. Of the 24 patients who answered an assessment form, 21 reported having been burned 

with UVB treatment, a side-effect considered to be severe by 6 patients, as compared with 3 with 

UVAB therapy, none being severe. This difference is statistically significant (p<0.001). Xerosis 

was also more common with UVB treatment, being reported by 20 patients with UVB and by 15 

with UVAB phototherapy (p=0.006). With UVB treatment, two other adverse events were 

noted: polymorphic light eruption (one patient) and folliculitis of the leg (one patient). 
Patient assessment: According to 24 completed assessment forms, 23 patients stated they would 

prefer to be treated with UVAB, while one patient preferred UVB. Questioned which of the two 

treatments had been most efficacious, 16 of the 30 participating patients stated UVAB, 14 found 

both equal, but none stated UVB. 

III, UVA versus UVB 

Clearing: Fifteen of 21 patients cleared or improved considerably with UVA, as compared with 13 

patients with UVB treatment, a difference without statistical significance. 

Clinical scores: The effect on the total score was greater with UVA than with UVB therapy, the 

posttreatment figures being 5.5 and 6.4, respectively (p<0.02). The corresponding figures for the 

overall evaluation score, also these in favour of the UVA treatment, were 1.0 and 1.3, 

respectively (p=0.01). No statistically significant differences in posttreatment pruritus scores 

could be detected between the two types of UVR. When comparing the mean initial (10.3) with 

the mean final (UVA, 5.5 and UVB, 6.4) total scores, both treatments were seen to yield 

significant improvement (both p<0.001). 

Dermatitis extent: The extent of dermatitis decreased from a mean of 10.1% to 5.4% with UVA
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treatment and from 10.0% to 6.2% with UVB irradiation. The greater reduction seen with UVA 

is statistically significant (p<0.05). 

Consumption of topical preparations: Fifteen of 21 patients used hydrocortisone topically; 5 of 
these stated they had used more on the UVB-treated body-halves, while the remaining 10 had 

used equal amounts bilaterally. All patients had used emollients; 4 reported a greater 

consumption with UVB treatment, while the remainder had used the same amounts with both 

therapies. 

Side-effects: Burning (over-exposure erythema) and xerosis were the only two side-effects 

encountered. Burning was reported by 2 of the 17 patients who completed an assessment form 

with UVA treatment and by 13 patients with UVB treatment. Xerosis of the skin was noted by 8 

patients with UVA and by 15 patients with UVB. 

Patient assessment: Patient ranking according to 17 completed assessment forms revealed that 

13 patients would prefer to be treated with UVA, 4 had no preference, but none preferred UVB. 

Questioned which of the two therapies had been most efficacious, 17 of the 21 patients replied 
UVA, 2 UVB, while 2 found the two treatments equal in this respect. 

IV. Low-dose UVB versus UVAB; UVA versus UVAB 

Study 1 — Low-dose UVB versus UVAB 

Clearing: Seventeen of 18 patients cleared or improved considerably with UVAB treatment, as 

compared with 5 patients with low-dose UVB treatment (p<0.001). 

Clinical scores: UVAB treatment produced significantly better results concerning all three 

analysed variables than low-dose UVB treatment: total score, 5.3 and 8.8, respectively; pruritus 

score, 0.8. and 1.5, respectively; overall evaluation score, 0.9 and 1.8, respectively (all p<0.001). 
Bilateral improvement, measured as reduction of the total score after treatment with UVAB and 

low-dose UVB, respectively, was statistically significant (both p<0.001). Mean pretreatment 
values of 10.8 were thus reduced to 5.3 (UVAB) and 8.8 (UVB). 

Dermatitis extent: The extent of dermatitis decreased with UVAB treatment from a mean of 

9.3% to 2.8% and with low-dose UVB therapy from 9.2% to 7.2%. The difference in favour of 
UVAB phototherapy is statistically significant (p<0.001). 

Consumption of topical preparations: Of the 15 patients who were using topical hydrocortisone 

during the study, 9 stated they had used more on the UVB-treated side at some point, while no 

patient had used more on the UVAB-treated side. No difference in emollient consumption was 

noted between the two treatments. 
Side-effects: The two side-effects reported by the 14 patients who completed a questionnaire 

were dryness (experienced by 4 patients with UVAB and 4 with low-dose UVB) and what was 

perceived as burning (2 patients with UVAB and 2 with UVB). 
Patient assessment: All 14 patients who completed the assessment form after termination of 

therapy stated they would prefer to be treated with UVAB lamps. Questioned which of the 

therapies had yielded the best results, 16 stated UVAB, 2 found both equal, but none found low- 

dose UVB treatment more efficacious.
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Study 2 — UVA versus UVAB 

Clearing: With UVAB irradiation, 23 of 25 patients cleared or improved considerably, as 

compared to 17 patients with UVAL. This difference in favour of UVAB is statistically significant 

(p<0.01). 

Clinical scores: Compared with UVA1, UVAB yielded a better reduction in total score, with 

mean posttreatment values of 7.2 and 6.0, respectively (p<0.05) (pretreatment values 12.3), and 

in overall evaluation score, with mean values of 1.4 and 1.0, respectively (p<0.01) (pretreatment 

2.1). The difference in pruritus score, 1.3 versus 1.1 (pretreatment 2.3), was not statistically 

significant. 

When comparing the treated areas with untreated control patches, statistically significant 

differences in favour of active treatment, UVAB as well as UVAL, could be seen for all three 

analysed variables, with p-values for the pruritus score <0.01 and the remaining variables 

p<0.001. 

Consumption of topical preparations: Of the 10 patients, who at some point during the study 

had used topical hydrocortisone, one stated he had used more on the UVAB-treated side, while 

the remaining 9 had used equal amounts bilaterally. There was no difference in the consumption 

of emollients, which were used by all 25 participating patients. 

Side-effects: Burning and xerosis of the skin were the two most common side-effects. Burning 

was reported by 7 of 16 patients who completed an assessment form with UVAB therapy and by 4 

with UVAI therapy. Xerosis was noted by 8 subjects with UVAB and by 7 with UVAI treatment. 

None of the patients found these side-effects severe. Bilateral polymorphic light eruption was 

noted in one patient with skin type I after two weeks of treatment. This patient was subsequently 

withdrawn from the study. 

Patient assessment: In 16 completed assessment forms, 11 patients stated they would prefer to 

be treated with UVAB, 4 preferred UVA1, while one had no preference. Of the 25 participating 

patients, 18 judged UVAB to be most efficacious, 5 UVA1 and 2 judged both therapies equally 

efficacious. 

V. Dosimetry 

The erythemally effective doses received by the patients during an 8-week course of phototherapy 

were with UVB lamps 0.81.0 J/cm? and with UVAB lamps 0.7-0.9 J/cm’. The shoulder received 

about 20% less radiation than the hip and the knee. The mean doses per treatment session were 

75 and 56 mJ/cm? from the UVB and UVAB tubes, respectively. It was calculated that treatment 

for 15 years from the age of 25 years will result in an increase in the risk of non-melanoma skin 

cancer by the age of 60 of 1.15 compared with the risk in untreated individuals. 

VI. Skin bacteria and UVB treatment 

The total bacterial counts of non-lesional skin were not affected in any significant way by the 

UVB irradiation. The effect on lesional skin was also limited, with moderate decrease of total 

bacterial counts. These consisted mainly of Staphylococcus epidermidis. 

The effect of UVB irradiation on S. aureus counts was more pronounced. The population of 

lesional skin was especially affected. Bacterial densities of this microorganism were reduced from 

a pre-study mean value of 1.3x10* bacteria per cm? skin to 12 bacteria/em’ at the 8-week 30min
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count (p<0.01) and 75 bacteria/cm’ at the 8-week 24h count. S. aureus was recovered from 

lesional skin of 12 of 14 patients, and from non-lesional skin of 11 patients. 

Lesional skin responded with a greater decrease in S. aureus counts, as could be seen when the 

density reduction from pretreatment counts to 8-week 30 min counts of non-lesional skin were 

compared with those of lesional skin (p=0.004). 

The clinical response to UVB phototherapy was reflected in a decrease in total score (from a 

pretreatment mean of 9.2 to 4.7) and overall evaluation score (reduced from 1.7 to 0.9), and a 

reduction in dermatitis extent (from 14.6 to 6.1%) (all p<0.001). 

A correlation analysis showed that patients with stable week 8 S. aureus counts, i.e. counts that 

did not increase from the 30 min to the 24 h sampling, were the ones to reach the best overall 
evaluation score results. 

Summarised results of paired-comparison trials (I-IV) 

Table 1 shows the patient characteristics and doses in the paired-comparison studies. 

Table 2 summarises the results of these studies. 

In table 3, efficacy of the different UV regions and their side-effects have been compiled. 

Treatment with low-dose UVB (paper IV, study 1) has not been included in the UVB group, since 

the low efficacy found can scarcely be attributed to the lamp used, but rather to the dosage 

regimen. 

Table I Summary of patient chracteristics and total doses (Papers I-IV) 

Paper (study) Patient |’/2 | Mean | Mean Mean total doses (in J/cm?) 

no. age |disease /UVB UVA UVAB 

duration UVB UVA 

I. (1) UVB vs. placebo 17 10/7 24.9 }20.1 3.18 

(2) UVB 0.4 vs. 0.8 MED 25 5/20 |25.9 |21.4 0.44/1.08 

II. UVAB vs. UVB 30 11/19 |24.8 |20.5 2.47 0.47 130 

III. UVA (TL 09) vs. UVB 21 12/9 |'2373|19%6 1.59 255 

V. (1) UVB 0.2 MED vs. UVAB 18 8/10 |28.3 |24.8 0.28 0.56 130 

(2) UVA (UVASUN) vs. UVAB_ |25 8/17 |24.0 |20.4 361 0.47 109 
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Table 2 Summary of results achieved with lamps dominated by UVB, UVA and UVAB, respec- 

tively (Papers I-IV). 

Predominant 
UY-type 

Paper/study Lamp (Dosage) Cleared or much 

improved (n) 
Total 

score* 

Pruritus 

score* 

Overall 

evalua- 

tion score* 

Dermatitis 

extent* Burn (n) 

Side-effects 

Xerosis (n) Other** 

UVB 

UVA 

UVAB 

TL 12 (0.5-1 MED) 
TL 12 (0.4 MED) 
TL 12 (0.8 MED) 
TL 12 (0.5-0.8 MED) 
TL 12 (0.8 MED) 
TL 12 (0.2 MED) 

TL 09 

UVASUN 3000 

Helarium 

Helarium 

Helarium 

13/17 

16/25 

15/25 

25/30 

13/21 

S/18 

15/21 

17/25 

26/30 

17/8 

23/25 

9.95.0 

10.76.6 

10.737.0 

10.86.1 

10.336.4 

10.88.8 

10.355.5 

12.337.2 

10.835.2 

10.835.3 

12.336.0 

2.20.8 

2.401.2 

2.41.2 

2.401.2 

2.21.3 

2.4>1.5 in 

2451.0 

2.450.8 

2.3511 

1.50.7 

1.651.0 

1651.1 

1.750.8 

1.8313 

1.91.8 

1.8>1.0 

211.4 

1.70.65 

1.930.9 

2161.0 

1352.5% 

na. 

na. 

1233% 

10.06.2% 

9.237. 

10.135.4% 

123% 

9.332.8% 

13/16 

na. 

na. 

21/24 

13/17 

24 

27 

4/16 

3/24 

24 

7/16 

na. 

20/24 

15/17 

4/4 

8/17 

7/16 

15/24 
4/4 
8/16 

PMLE, Foll. 

*First figure denotes value before treatment; second figure denotes value after completion of study; n.a. = not assessed 

**PMLE = polymorphic light eruption. Foll. = folliculitis 

Table 3 Summary of the efficacy and side-effects of treatment with UVB, UVA and UVAB, 

respectively (Papers I-IV). 

UV range 

3k n*® 

Cleared or considerably 

improved 

% 

Side-effects 

Burn 

n % 

Xerosis 

n % 

UVB* 

UVA 

UVAB 

82/118 

32/46 

66/73 

69.5% 

69.6% 

90.4% 

47/57 82.5% 

6/33 18.2% 

12/54 22.2% 

46/57 80.7% 

15/33 45.5% 

27/54 50.0% 

*0.2 MED dosage excluded 

**n denotes body-halves
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Discussion 

Methodological considerations 

A. Paired-comparison studies (I-IV) 

A number of sources of error can be detected when the material and the methods are analysed. 

Patients: The studies were aiming at practically applicable results. Thus, only outpatients were 

included. This is, however, associated with greater sources of error — inpatients can, in contrast to 

outpatients, be controlled in a better way, and the risk of infringement of inclusion/exclusion 

criteria is minimised. 

As a rule, patients with severe disease were not included in the studies, since it was considered 

unethical to withhold potent corticosteroids from these patients. Use of potent steroids would 

have violated the inclusion criteria. Thus, a tendency toward treatment of moderate or mild 

disease has been maintained, especially in the study comparing the efficacy of UVB with that of 

visible light. It was also obvious that the drop-out rate in that study was high; even though no 

patients stated the reason for withdrawal had been lack of efficacy, this may have been a 

contributing factor. There has certainly also been a selection towards patients without previous 

negative experiences of phototherapy or solarium use. It must, however, be pointed out that 

patients with a history of unimprovement during the summer were not excluded. 

With a disease without specific histopathological features, where the diagnosis relies upon a 

number of criteria, there is always the risk of including patients with other types of eczema. This 

possibility has been considered, and only patients who without difficulty fulfilled the diagnostic 

criteria of Hanifin and Rajka*! were included. When in doubt, participation in the study was not 

permitted. 

Study design: The study design was a left-right comparison. The main disadvantage of this is the 

tisk of the UVR systemic effect interfering. This aspect will be discussed below. A definite 

advantage, however, is the relative ease with which differences can be detected. Each patient is, 

furthermore, his own perfect match, an advantage when analysing statistically. 

Ideally, all studies should be performed in a double-blind manner. However, when studying 

clinical effects of UVR, this is not always possible, due to differences in pigmentation elicited by 

the different wavebands. It is, thus, asa rule, difficult to blind the investigator. Blinding of the 
patient presents equally great difficulties, at least when we are dealing with relatively well- 

informed patients. 
The use of topical corticosteroids was in the present studies limited to the mild ones 

(hydrocortisone 0.5-1%). Ideally, no steroids should be used during these studies. The reasons 

for permitting these preparations were ethical. This could naturally influence the results. 

However, it should make differences /ess prominent. Moreover, in no cases did patients report 

having used more of the steroid on the side obtaining the best result; the opposite, on the other 

hand, was seen in some studies.
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Phototherapy: The lamps used in the present studies were designated as UVA, UVB and UVAB 

sources according to their emission spectrum. There is always the possibility that the spectrum 

may not have been an optimal one. Also, the dosage regimen may have been inappropriate. In 

the case of UVB treatment, different dosage regimens have been employed. This has, however, 

not been the case with the other UV sources. In fact, Krutmann et al,“ using equipment similar to 

ours (paper IV) for treatment with UVA1 and UVAB, respectively, but with considerably higher 

UVA doses, achieved results opposite to ours. The interpretation of the results must thus be made 
with caution. 

UVR has been found to have systemic immunological effects, and the impact, if any, on the 
results of the present studies is of crucial importance. In 1976, Kripke" found that UV irradiation 
of the shaved dorsum of mice produced systemic effects in the animals, effects that impaired the 

normal rejection of squamous cell carcinomas and fibrosarcomas. These systemic effects have 
also been observed in animal experiments as diminished reactivity to dinitrochlorobenzene after 

UV irradiation.''” The results are supported by subsequent animal’! and human” studies. The 
presence of systemic immunological changes does not necessarily mean that this has any 

significant clinical implications in humans. In fact, PUVA therapy, in experiments shown to exert 

systemic effects,'” has not exhibited this property in clinical trials where patients with atopic 
dermatitis have been subjected to treatment.® Morrison et al*® treated the entire skin surface 
except for a small patch on a buttock of four patients with PUVA. An excellent result was seen in 

20-58 treatments; the control patches, however, deteriorated in all subjects. Furthermore, in 

paired-comparison trials, PUVA given to one body-half without irradiating the other yielded 

excellent results on irradiated sides, while untreated sides showed no improvement. UVB has 

likewise been shown to have systemic effects in animal experiments.'” In the present studies, 

differences between treatments have, in general, been found. With a clinically significant systemic 

effect, this would probably not have been the case. A systemic effect would act in a levelling 

direction, rather than in the opposite one. Thus, the present results can scarcely have been 

influenced in any decisive way by the above-mentioned phenomenon of immunological systemic 

changes. 

Assessment: The mode of assessment has the advantage of it having been perfomed by the same 

investigator in practically all instances. However, the method, being based on subjective 

judgement, is a natural source of error, since the possibilities of objective evaluation are lacking. 

With our scoring system, the numerical differences in scores may seem quite small. Had some 

other system been employed, e.g. that developed by Costa et al,'® using scores ranging from 0 to 

6 for ten severity variables and ten topographic sites, the differences between different modes of 

treatment would have been numerically greater. When the studies were performed, no uniform 

scoring system had been agreed upon. Later, a scoring system was elaborated in a workshop at 

the Third International Symposium on Atopic Dermatitis.'" This system bears great resemblance 

to the one used in the present paired-comparison studies. 
The use of the rule of nine for estimation of extent of dermatitis constitutes another source of 

error. Also here, however, it is difficult to find objective methods which at the same time are 

applicable in clinical practice. 

Follow-up was not included in the studies, due to their design. The type of treatment found 

most efficacious was continued, but given to the whole body, after termination of the study.
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Statistical analysis: Wilcoxon’s matched-pair signed rank test (two-tailed) has been employed in 

analysis of differences in clinical variables. This non-parametric test has been chosen because it is 

well established and because a normal distribution could not be presumed. One alternative would 

have been Student’s t-test, which, however, is a parametric test intended to be used on values with 

normal distribution. 
A source of error is patient selection, since individuals with known intolerance to sun-light did 

not participate. However, the paired-comparison design and the fact that the main conclusions 

were drawn from comparisons between body-halves, rather than comparing pre- and 

posttreatment values, makes the selection problem a minor one. 

The population of excluded subjects may be another source of error. However, an analysis of 

the reasons for exclusion/drop-out shows a vast dominance of factors unrelated to UVR 

treatment. 

B. Dosimetry study (V) 

Use of the polysulphone film for dosimetry is a well-established method in the hands of B. 

Diffey,'”° who has conducted the calibrations as well as the spectrophotometry. A limitation of 

the film is that its spectral sensitivity extends to wavelengths up to 330 nm. Other sources of error 

associated with polysulphone film dosimetry include within-batch variation, limitations in length 
of storage, a possibility of film saturation and a risk of surface contamination." The latter three 

factors were controlled during the studies. 

It is to be noted that the dose values calculated in this study are not directly comparable with 

those of measurements performed in the paired-comparison studies, where a photometer was 

used. 

C. Bacteriological study (VI) 

Assessing clinical variables presented the same sources of error as those discussed above. 

In the bacteriological part of the study, there are a number of potential sources of error. The 

collecting of specimens is one. Two laboratory assistants were responsible for this work, but the 

fact that the same assistant was involved in the sampling of each patient minimises this problem. 

The method of sampling, counting bacterial colonies and identifying these, is a recognised and 

widely employed one. For a trained laboratory assistant, the identification of Staphylococcus 

aureus colonies, with the aid of the coagulase test, is a routine task. 

General discussion 

No definite cure exists today for atopic dermatitis, a troublesome, pruritic disease. Instead, 

treatment is symptomatic. The standard treatment, consisting of topical corticosteroids, is 

sometimes disappointing in efficacy; furthermore, it is afflicted with well-known side-effects. 
There has therefore been a need for alternative modes of therapy. Phototherapy has emerged as 

one alternative. 
The phototherapeutic approach thus far drawing the greatest attention has been UVA in 

combination with psoralens, also called photochemotherapy or PUVA. PUVA, originally
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developed for the treatment of psoriasis,'* has ever since its introduction broadened its spectrum 

of indications.''*''? Atopic dermatitis also turned out to respond to PUVA and the results have 
been quite impressive.®”*’ However, the relapse rates are unfavourable.”*'”" Unfortunately, 
PUVA is a treatment with potential long-term side-effects, such as production of aging of the skin 

and skin cancer.'?'""® Since atopic dermatitis mainly affects young people and can persist a life- 

time, it is to be expected that many treatment periods will be required. Considering the risks, it 

constitutes a less attractive alternative in the long run. 

The present studies have aimed at finding less hazardous phototherapeutic treatments. 

The conclusions from the comparison of the different UV wave-bands, reported in papers I-IV, 

allowing for the methodological pitfalls discussed above, are in summary as follows: UVAB seems 

to be the most efficient wavelength region, UVA the second most efficient one, while UVB, 

traditionally the most frequently used type of radiation, is the least efficacious one. All three, 

have, however, been shown to be efficacious for the treatment of atopic dermatitis. The 

compilation shown in.table 3 gives us a rough idea of the benefits and side-effects of the three 

types of UVR tredta¥ent: The advantages and disadvantages of each-can thus be summarised. 

UVB treatment requires little time, but it gives rise to frequent short-term side-effects, xerosis 

and first-degree burn. Also, it is the least efficient of the three wave-bands. 

UVA treatment is more effective than UVB, it gives relatively few and mild short-term side- 

effects, but it is time-consuming. 

UVAB treatment seems to be the most efficient of the three wave-bands, it is relatively little 

irritating, but, like UVA, it is quite time-consuming. 

In the present studies, UVAB treatment was found more efficient than treatment with UVB- 
dominated tubes. These results are supported by the studies of Falk’ and Midelfart et al.“ In a 

study by Hannuksela et al,“° equally good results were obtained with both types of irradiation, but 

patient preference was in favour of UVAB treatment. In these three studies, results with UVAB 
are similar to those in the present studies, over 90% of the patients achieving good results. The 

beneficial properties of UVAB have been confirmed in other studies.**””! The positive effects of 

“generalized ultraviolet light’, used by Nexmand in 1948,** may also be mentioned in this 

context. 
UVA therapy has attracted little attention in the literature. Pullmann® used a UVA source with 

less than 0.02% UVB content to treat 40 patients. Patients were allocated to two treatment 

groups, one receiving treatment 5 times a week for 3 weeks and the other twice weekly for 6-8 

weeks. The former was found most efficacious; 15 of 20 patients achieved >90% improvement, as 

compared with 11 of 20 with the latter. Krutmann et al* recently published a study comparing the 

efficacy of UVAB with that of high-dose UVAI therapy. The lamps used are comparable with 

those of paper 1V, UVA vs. UVAB. However, the design was not a paired comparison and the 

doses used for UVA treatment were more than 5 times higher. With high-dose UVA1 therapy, 

excellent results were achieved, results superior to those obtained with UVAB. Thus, these 
results are in discordance with those obtained in the present study. The remarkable difference in 

dosage regimen can probably account for this discrepancy. 

The efficacy of the phototherapeutic treatment traditionally used in Scandinavia for atopic 

dermatitis, UVB, has been shown in the present studies. Other investigators have reported 

comparable experiences.**“*° The most current investigations are those of George et al,'”° who, 
using a newly developed fluorescent UVB lamp, Philips TL-O1, with a narrow emission peak 

around 311-312 nm,'” have treated atopic dermatitis patients with success. 

Different results have obviously been achieved with different treatments. The reasons for this
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are unclear. Some of the differences between UVA and UVB may be ascribed to the differences 

in penetrating properties, the longer wavelengths penetrating more deeply.'** Furthermore, it can 

be speculated that a photoaugmentation takes place, UVA and UVB combined. being most 

effective. 
In the present studies, conclusions have mainly been drawn from comparisons between 

different types of UVR. It is nevertheless interesting to note that irradiation with lamps emitting 
in the visible light region also yielded substantial improvement. Apart from the well-known 

placebo effect, this can be attributed to the more frequent use of hydrocortisone and emollients 

by subjects participating in a study. The preservatives of these preparations may add to the 

beneficial effect by their antimicrobial properties, the possible importance of which will be 

discussed below. 
The safety aspect is important when ultraviolet radiation is used for therapeutic purposes. In 

laboratory animals, UVR is known to have carcinogenic properties.'?""! Action spectrum studies 
in mice have shown maximal carcinogenic efficacy at approximately 300 nm,'* i.e. in the UVB 

region. UVA, however, has also been found to be carcinogenic in experimental animal models, 

but it is less effective than UVB.'**:'*! Corresponding experiments have, for natural reasons, not 
been conducted on humans. Epidemiological data, however, point towards an association 

between non-melanoma skin cancers and cumulative effects of long-term sun exposure.'**!° 

Whether these data are directly applicable to phototherapy is a matter of discussion. 

The dose for clearing or considerable improvement of atopic dermatitis has in our study been 

calculated to be 1 J/cm’. A patient with this disease receives a median of one treatment course per 
year (unpublished data). The dose delivered is thus considerably lower than the median dose of 4 

J/cm? required to clear psoriasis.'*’ The increased risk of non-melanoma skin cancer by the age of 
60 has been calculated to be 1.15 compared with the risk in untreated subjects.'° Since 
phototherapy in many patients is of great benefit, this risk must be considered low. UVB therapy 

has been subjected to risk evaluation. Larké and Swanbeck'* investigated 85 heavily UVB- 

exposed psoriasis patients without finding any increase in the prevalence of cutaneous cancers. 

Since UVA has not been employed for more than a few years — mainly in cosmetic solaria — the 

potential long-term side-effects are unknown. A few anecdotal reports are published concerning 

the emergence of melanocytic lesions'* and melanoma'” in conjunction with UVA solarium use, 

but whether this connection is causal or not is conjectural. A study on the use of sunbeds with 

UVA tubes with slight UVB contamination has been performed on healthy subjects.'' Among 

the side-effects observed were freckles. 
The mechanism of action of phototherapy of atopic dermatitis is not fully understood. UVR 

has been shown to have immunological, epidermal-thickening and antimicrobial properties, all of 

which may be of importance. 

Toews et al?’ demonstrated in mouse experiments that UVR is capable of damaging epidermal 

Langerhans cells as well as decreasing their density. Aberer et al'* showed that this property also 
applies to human skin. Interestingly, UVB has been shown to reduce the Langerhans cell count in 

epidermis of patients with atopic dermatitis." The importance of Langerhans cells in the 

pathogenesis of atopic dermatitis has been discussed above. UVR has also been shown to inhibit 

mast cell-mediated whealing,'* which may have some implications, since mast cells participate in 

the inflammation in lichenified atopic dermatitis.'*'? Serum interferon levels increase when 
healthy individuals are exposed to UVB radiation, as demonstrated by Livden et al.'* 
Hypothetically, this could be of importance, because interferon has immunomodulatory 

functions, some of which are suppressive, inhibition of delayed type hypersensitivity being such a
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function.“° Furthermore, UVR has been found to modulate the epidermal cytokine 

production." Since some of these cytokines are immunosuppressive, it could be of benefit. 

Recent investigations indicate that the intercellular adhesion molecule-1, ICAM-1, is an 

important target structure in the immunosuppression brought about by UVB."*" In atopic 

dermatitis, this receptor is located at the surface of keratinocytes. ICAM-1 has been found to play 

a key role in formation of an inflammatory infiltrate in the epidermis.'”’ The cytokine-induced 

ICAM-1 expression is inhibited by UVB.” Studies have, as mentioned above, indicated an active 

participation of eosinophils in the pathogenesis of atopic dermatitis.””' High-dose UVA1 therapy 

has recently been shown to significantly reduce elevated levels of eosinophil cationic protein, 

indicating that this may be at least a part of the mechanism of action of this therapy.“ 

The antimicrobial action exerted by UVR may be another mechanism of action. 

Staphylococcus aureus is the bacterium most often encountered in discussions on the pathogenesis 

of atopic dermatitis.'"' Previous studies have shown UVR to have in vitro antimicrobial effects 

against this microorganism.'' This UVR property has in the present study (paper V1) been 

seen to apply also to the in vivo situation. It has, furthermore, been paralleled by clinical efficacy. 

Whether this is part of the mechanism of action or an unrelated phenomenon remains unclear. 

However, the killing of bacteria seems to have positive effects for atopic patients, an assumption 

clearly supported by a study on mupirocin. This antistaphylococcal agent proved more efficacious 

than did placebo in clearing atopic dermatitis.*' In addition, the UVR antimicrobial action also 

encompasses the yeast Pityrosporum orbiculare,"''* which has been ascribed pathogenetic 

importance.**°!! 
UVR causes the epidermis to thicken. Human studies have shown that after a single exposure 

to UVB, the stratum spinosum thickens twofold and the stratum corneum thickens by a factor of 

1.5 to 3 in one to three weeks.’ An increased thickness of especially the stratum corneum should 

make the skin less prone to react with an inflammatory reaction on introduction of antigens, such 

as the house dust mite, an organism also claimed to play a role in the pathogenesis of atopic 

dermatitis.!°°!°” 
Phototherapy has in no studies been compared with conventional topical corticosteroid 

treatment. On empirical grounds, it can be said that phototherapy has a slower effect than potent 

steroids. The efficacy seems to be somewhere in the vicinity of moderately potent corticoids, 

although UVR surpasses them in many cases, especially when UVAB is employed. The 

differences in side-effects are obvious and dependent on the type of UVR and strength of the 

steroid, respectively, and will therefore not be discussed further in this context. Disadvantages of 

phototherapy include the time it consumes, and, if the patient purchases his own equipment, the 

cost it brings. On the other hand, many patients are happy to switch to some other treatment, 

especially one that gives them a tan and reduces the need for local corticosteroid application.*° 

Bearing the economical realities of society in mind, home treatment with UV sunbeds may prove 

to be advantageous, as has previously been shown for UVB treatment of psoriasis. !""
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Summary and conclusions 

In these studies, the efficacy of different types of phototherapy, without using psoralens, in the 

treatment of atopic dermatitis in adults was evaluated. Lamps emitting primarily in the UVA- 

UVB spectrum were found to be the most efficacious ones, followed by UVA-dominated tubes. 

Least efficacious were lamps mainly emitting in the UVB region. However, all three types of 

radiation were seen to be of benefit. Objective differences were less obvious than subjective ones. 

During a normal, eight-week-long, treatment course with UVB and UVAB an erythemally 

effective dose of about 1 J/cm? was seen to have been received. This is also a normal annual dose 

for UVR-treated atopic patients. Analysis of the risk of developing non-melanoma skin cancer 

shows it to be small. The hazards with UVA-containing fluorescent tubes are, however, yet to be 

elucidated. Regular check-ups by a dermatologist are to be recommended. 

UVB phototherapy was shown to possess in vivo antistaphylococcal properties. These were 

paralleled by clinical efficacy. 

In conclusion, phototherapy for atopic dermatitis is a suitable mode of therapy. For mild to 

moderate cases, it can be used as monotherapy; for severe cases, it is to be regarded as an 

adjuvant.



29 

Acknowledgements 

I wish to express my sincere gratitude to: 

— Associate Professor Olle Lark6é, head of the Dermatology and Venereology Clinic, my 

supervisor, mentor, colleague and friend, for his stimulating scientific guidance, for sharing his 

vast knowledge on the subject of phototherapy, for encouragement and for his good spirit 

throughout the investigatations; 

— Professor Gunnar Swanbeck, head of the Department of Dermatology and Venereology, 

University of Géteborg, for his encouragement, for his tremendously knowledgeable guidance 

in the field of photodermatology, and for giving me the opportunity to conduct the present 

studies in the very positive scientific climate of the institution; 

— The staff of the Photodermatology Unit, headed by State Registered Nurse Lena Mattsson- 

Tollbom, and the staff of the Psoriasis Day-Care Centre at Majorna, headed by State 

Registered Nurse Gudrun Johansson, who, with their optimistic and cheerful attitude, 

performed the practical parts of the studies in a very professional manner; 

— Associate Professor Jan Faergemann and Doctor Ing-Marie Bergbrant, two of my co-authors in 

paper VI, for stimulating collaboration and for sharing with me some of their great knowledge 

in the field of human microbiology; 

— Doctor Brian Diffey, one of my co-authors in paper V, an unsurpassed expert in the field of 

photodosimetry, for cooperation and for providing me with the dosimeters for the study; 

— Laboratory assistants Inger Roslund, Gabriella Mejare and Astrid Igerud for their invaluable 

assistance; 

— Tommy Johnsson for statistical analysis; 

— Nils-Olof Harnelius for his inexhaustible assistance with the reference material; 

— Inger Forsell for valuable secretarial help; 

— John Gulliver for revising the English manuscript; 

— All participating patients who made these studies possible; 

— Doctor Anne Lene Krogstad, my colleague and friend, a skilfull artist, for her kindness in 

providing the cover painting; 

— Tommy Simonsson for his encouragement and support. 

These studies were supported by grants from the Edvard Welander Foundation.



30 

References 

19. 

20. 

. Champion RH, Parish WE. Atopic dermatitis. In: Rook A, Wilkinson DS, Ebling FJG, 

Champion RH, Burton JL, editors. Textbook of dermatology. Oxford: Blackwell Scientific 

Publications, 1986:419-434. 

Avenberg K, Harper D. Footnotes on allergy. Uppsala: Upplands Grafiska AB, 1980. 

Mier PD. Earliest description of the atopic syndrome? Br J Dermatol 1975; 92:359. 

. Besnier E. Premiére note et observations préliminaires pour servir d’introduction a I’étude 

des prurigos diathésiques (dermatites multiformes prurigineuses chroniques exacerbantes et 

paroxystiques, du type du prurigo de Hebra). Ann Dermatol Syph 1892; 3:634-648. 

Coca A, Cooke R. On the classification of the phenomena of hypersensitiveness. J Immunol 

1923; 8:163-182. 
Wise F, Sulzberger M. Editorial remarks. Year Book of Dermatology and Syphilology. 

Chicago: Year Book Publishers, 1933:38. 

. Juto P, Strannegard O. T lymphocytes and blood eosinophils in early infancy in relation to 

heredity for allergy and type of feeding. J Allergy Clin Immunol 1979; 64:38—42. 

Cooper KD, Wuepper KD, Hanifin JM. T cell subset enumeration and functional analysis 

in atopic dermatitis [abstract]. Clin Res 1980; 28:566. 
Schuster DL, Bongiovanni BA, Pierson DL, Barbaro JF, Wong DTO, Levinson AI. 

Selective deficiency of a T cell subpopulation in active atopic dermatitis. J Immunol 1980; 

124:1662-1667. 
Butler M, Atherton D, Levinsky RJ. Quantitative and functional deficit of suppressor T 

cells in children with atopic eczema. Clin Exp Immunol 1982; 50:92-98. 

. Rogge JL, Hanifin JM. Immunodeficiencies in severe atopic dermatitis. Depressed 

chemotaxis and lymphocyte transformation. Arch Dermatol 1976; 112:1391-1396. 
Palacios J, Fuller EW, Blaylock WK. Immunological capabilities of patients with atopic 

dermatitis. J Invest Dermatol 1966; 47:484-490. 
. Lobitz WC, Honeyman JF, Winkler NW. Suppressed cell-mediated immunity in two adults 

with atopic dermatitis. Br J Dermatol 1972; 86:317-328. 
Elliott ST, Hanifin JM. Delayed cutaneous hypersensitivity and lymphocyte transformation. 

Dissociation in atopic dermatitis. Arch Dermatol 1979; 115:36-39. 

. Juhlin L, Johnsson SGO, Bennich H, Hégman C, Thyresson N. Immunoglobulin E in 

dermatoses. Arch Dermatol 1969; 100:12-16. 

Ruzicka T, Gluck §. Cutaneous histamine levels and histamine releasability from the skin in 

atopic dermatitis and hyper IgE syndrome. Arch Derm Res 1983; 275:541-544. 

. Zachary CB, Allen MH, MacDonald DM. Jn situ quantification of T-lymphocyte subsets 

and Langerhans cells in the inflammatory infiltrate of atopic eczema. Br J Dermatol 1985; 

112:149-156. 
. Mihm MC, Jr., Soter NA, Dvorak HF, Austen KF. The structure of normal skin and the 

morphology of atopic eczema. J Invest Dermatol 1976; 67:305-312. 

Soter NA, Mihm MC, Jr. Morphology of atopic eczema. Acta Derm Venereol (Stockh) 

1980; suppl 92:11-15. 
Kapp A, Czech W, Krutmann J, Schépf E. Eosinophil cationic protein in sera of patients 

with atopic dermatitis. J Am Acad Dermatol 1991; 24:555-558.



21. 

22, 

23. 

24. 

25: 

26. 

27. 

28. 

29. 

30. 

31. 

32: 

33. 

34. 
35: 

36. 

37. 

38. 
39. 

40. 

31 

Bruynzeel-Koomen CAFM, van Wichen DF, Spry CJF, Venge P, Bruynzeel PLB. Active 

participation of eosinophils in patch test reactions to inhalant allergens in patients with 

atopic dermatitis. Br J Dermatol 1988; 118:229-238. 
Elliston WL, Heise EA, Huntley CC. Cell-mediated hypersensitivity to mite antigens in 

atopic dermatitis. Arch Dermatol 1982; 118:26-29. 

Platts-Mills TAE, Mitchell EB, Rowntree S, Chapman MD, Wilkins SR. The role of dust 

mite allergens in atopic dermatitis. Clin Exp Dermatol 1983; 8:233-247. 

Mitchell EB, Crow J, Rowntree S, Webster ADB, Platts-Mills TAE. Cutaneous basophil 

hypersensitivity to inhalant allergens in atopic dermatitis patients: elicitation of delayed 

responses containing basophils following local transfer of immune serum but not IgE 

antibody. J Invest Dermatol 1984; 83:290-295. 

Young E, Bruijnzeel-Koomen C, Berrens L. Delayed type hypersensitivity in atopic 

dermatitis. Acta Derm Venereol (Stockh) 1985; suppl 114:77-81. 

Reitamo S, Visa-Tolvanen K, Kah6nen K, Stubb S, Salo OP. Eczema caused by inhalant 

allergens in atopic dermatitis [abstract]. J Invest Dermatol 1985; 5:452. 

Toews GB, Bergstresser PR, Streilein JW, Sullivan S. Epidermal Langerhans cell density 

determines whether contact hypersensitivity or unresponsiveness follows skin painting with 

DNEB. J Immunol 1980; 124:445-453. 

Bruynzeel-Koomen C, van Wichen DF, Toonstra J, Berrens L, Bruynzeel PLB. The 

presence of IgE molecules on epidermal Langerhans cells in patients with atopic dermatitis. 

Arch Dermatol Res 1986; 278:199-205. 

Leyden JJ, Marples RR, Kligman AM. Staphylococcus aureus in the lesions of atopic 

dermatitis. Br J Dermatol 1974; 90:525-530. 

Aly R, Maibach HI, Shinefield HR. Microbial flora of atopic dermatitis. Br J Dermatol 

1976; 95:323-328. 
Lever R, Hadley K, Downey D, MacKie R. Staphylococcal colonization in atopic dermatitis 

and the effect of topical mupirocin therapy. Br J Dermatol 1988; 119:189-198. 

Masenga J, Garbe C, Wagner J, Orfanos CE. Staphylococcus aureus in atopic dermatitis 

and in non-atopic dermatitis. Int J Dermatol 1990; 29:579-582. 

Gloor M, Peters G, Stoika D. On the resident aerobic bacterial skin flora in unaffected skin 

of patients with atopic dermatitis and in healthy controls. Dermatologica 1982; 164:258-265. 

Noble WC. Skin carriage of the Micrococcaceae. J Clin Pathol 1969; 22:249-253. 

Clemmensen OJ, Hjorth N. Treatment of dermatitis of the head and neck with 

ketoconazole in patients with type I sensitivity to Pityrosporon orbiculare. Semin Dermatol 

1983; 2:26-29. 
Wersted A, Hjorth N. Pityrosporum orbiculare — a pathogenic factor in atopic dermatitis of 

the face, scalp and neck? Acta Derm Venereol (Stockh) 1985; suppl 114:146-148. 

McMillan JC, Heskel NS, Hanifin JM. Cyclic AMP-phosphodiesterase activity and 

histamine release in cord blood leukocyte preparations. Acta Derm Venereol (Stockh) 

1985; suppl 114:24-32. 

Hanifin JM. Atopic dermatitis. J Am Acad Dermatol 1982; 6:1-13. 
Butler JM, Ebertz M, Chan SC, Stevens SR, Sobieszcezuk D, Hanifin JM. Basophil 

histamine release in atopic dermatitis and its relationship to disordered cyclic nucleotide 

metabolism. Acta Derm Venereol (Stockh) 1985; suppl 114:55-60. 

Manku MS, Horrobin DF, Morse NL, Wright S, Burton JL. Essential fatty acids in the 

plasma phospholipids of patients with atopic eczema. Br J Dermatol 1984; 110:643-648.



32 

41 

60. 

61. 

. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta Derm Venereol 

(Stockh) 1980; suppl 92:44—47. 
. Svensson A. A diagnostic tool for atopic dermatitis based on clinical criteria. Acta-Derm 
Venereol (Stockh) 1985; supp! 114:33-40. 

. Schultz Larsen F, Holm NV, Henningsen K. Atopic dermatitis. A genetic-epidemiologic 

study in a population-based twin sample. J Am Acad Dermatol 1986; 15:487-494. 

. Kjellman N-IM. Atopic disease in seven-year-old children. Incidence in relation to family 

history. Acta Paediat Scand 1977; 66:465-471. 

. Walker RB, Warin RP. The incidence of eczema in early childhood. Br J Dermatol 1956; 

68:182-183. 
Storm K, Haahr J, Kjellman N-IM, @sterballe O. Forekomsten af asthma og allergisk 

rhinitis, atopisk dermatitis og urticaria hos en argang danske bgrn. Ugeskr Leger 1986; 

148:3295-3299. 
Larsson P-A, Lidén S. Prevalence of skin diseases among adolescents 12-16 years of age. 
Acta Derm Venereol (Stockh) 1980; 60:415-423. 

. Arbeiter HI. How prevalent is allergy among United States school children? A survey of 

findings in the Munster (Indiana) school system. Clin Pediat (Phila) 1967; 6:140-142. 

. Meding B. Epidemiology of hand eczema in an industrial city. Acta Derm Venereol 
(Stockh) 1990; suppl 153:19, 38. 
Vickers CFH. The natural history of atopic eczema. Acta Derm Venereol (Stockh) 1980; 

suppl 92:113-115. 

. Burrows D, Penman RWB. Prognosis of the eczema-asthma syndrome. Br Med J 1960; 

2:825-828. 
Rystedt I. Prognostic factors in atopic dermatitis. Acta Derm Venereol (Stockh) 1985; 

65:206-213. 
. Nexmand P-H. Clinical studies of Besnier’s prurigo [dissertation]. Copenhagen: Rosenkilde 

and Bagger Publishers, 1948. 

. Rhodes AR. Treatment modalities of atopic dermatitis: old and new modalities. Clin Rev 

Allergy 1986; 4:87-99. 

Maughan WZ, Muller SA, Perry HO, Pittelkow MR, O’Brien PC. Incidence of skin cancers 

in patients with atopic dermatitis treated with coal tar. A 25-year follow-up study. J Am 

Acad Dermatol 1980; 3:612-615. 

Kaplan RJ, Daman L, Rosenberg EW, Feigenbaum S. Topical use of caffeine with 

hydrocortisone in the treatment of atopic dermatitis. Arch Dermatol 1978; 114:60-62. 

. Haider SA. Treatment of atopic eczema in children: clinical trial of 10% sodium 

cromoglycate ointment. Br Med J 1977; 1:1570-1572. 

. Thirumoorthy T, Greaves MW. Disodium cromoglycate ointment in atopic eczema [letter]. 

Br Med J 1978; 2:500-501. 

. Zachariae H, Thestrup-Pedersen K, Thulin H, Thormann J, Herlin T, Cramers M, Jensen J, 

Kragballe K, Afzelius H, Overgaard Petersen H. Experimental treatment in atopic 

dermatitis: Immunological background and preliminiary results. Acta Derm Venereol 

(Stockh) 1980; suppl 92:121-127. 
Munro DD. Corticotrophin and tetracosactrin depot — self-administered for the treatment of 

eczema. Br J Dermatol 1976; 94(suppl 12):135—-138. 

Morrison JGL, Schulz EJ. Treatment of eczema with cyclophosphamide and azathioprine. 

Br J Dermatol 1978; 98:203-207.



62. 

64. 

68. 

74. 

75. 

76. 
dks 

7B. 
79. 

80. 

81. 

82. 

33 

Kang K, Cooper KD, Hanifin JM. Thymopoietin pentapeptide (TP-5) improves clinical 

parameters and lymphocyte subpopulations in atopic dermatitis. J Am Acad Dermatol 

1983; 8:372-377. 
. Morse PF, Horrobin DF, Manku MS, Stewart JCM, Allen R, Littlewood S, Wright S, 

Burton J, Gould DJ, Holt PJ, Jansen CT, Mattila L, Meigel W, Dettke Th, Wexler D, 

Guenther L, Bordoni A, Patrizi A. Meta-analysis of placebo-controlled studies of the 

efficacy of Epogam in the treatment of atopic eczema. Relationship between plasma 

essential fatty acid changes and clinical response. Br J Dermatol 1989; 121:75-90. 

Shaw R. Cromolyn therapy in chronic infantile eczema [letter]. Arch Dermatol 1975; 

111:1537. 

. Schultz Larsen F, Urup Jacobsen K. Atopic dermatitis and systemic treatment with a new 

chromone compound (FPL 57787). A double blind trial. Acta Derm Venereol (Stockh) 

1980; suppl 92:128-129. 
. Atherton DJ, Soothill JF, Elvidge J. A controlled trial of oral sodium cromoglycate in atopic 

eczema. Br J Dermatol 1982; 106:681-685. 

. Cramers M, Jensen JR, Kragballe K, Herlin T, Zachariae H, Thestrup-Pedersen K. 

Transfer factor in atopic dermatitis. Dermatologica 1982; 164:369-378. 

Alomar A, Giménez-Camarasa JM, de Moragas JM. The use of levamisole in atopic 

dermatitis. A prospective study. Arch Dermatol 1978; 114:1316-1319. 

. Foulds IS, MacKie RM. A double-blind trial of the H2 receptor antagonist cimetidine, and 

the HI receptor antagonist promethazine hydrochloride in the treatment of atopic 

dermatitis. Clin Allergy 1981; 11:319-323. 

Benton EC, McFarlane HAF, Barnetson RSC. Trial of nedocromil sodium in atopic 

eczema. Br J Dermatol 1990; 122:817-820. 

. Meneghini CL, Bonifazi E. The role of foods in atopic dermatitis. Int J Dermatol 1985; 

24: 158-160. 

. Atherton DJ. The role of foods in atopic eczema. Clin Exp Dermatol 1983; 8:227-232. 

. Fairris GM, Mack DP, Rowell NR. Superficial X-ray therapy in the treatment of 

constitutional eczema of the hands. Br J Dermatol 1984; 111:445-449. 

Sheehan-Dare RA, Goodfield MJ, Rowell NR. Topical psoralen photochemotherapy 

(PUVA) and superficial radiotherapy in the treatment of chronic hand eczema. Br J 

Dermatol 1989; 121:65-69. 
Rasch C. Uber Besniers Prurigo. Nord Med Arkiv Anhang 1913; 2:9. 

Haxthausen H. Hudsygdomme fremkaldt af Lyset [dissertation]. Copenhagen: 1919:202. 

Hartung JO. Ultraviolet therapy at the North Sea coast. In: Urbach F, editor: The biologic 

effects of ultraviolet radiation (with emphasis on the skin). Proceedings of the First 

International Conference. Oxford: Pergamon Press, 1969:657—-661. 

Lomholt S. Hudsygdommene og deres behandling. 2nd ed., Copenhagen, 1944:97,425. 

Norrlind R. Prurigo Besnier. A clinical-experimental study of its pathogenesis with special 

reference to acute infections of the respiratory tract [dissertation]. Acta Derm Venereol 

(Stockh) 1946; suppl 13. 
Pillsbury RM, Shelley WB, Kligman AM. Dermatology. Philadelphia: Saunders, 1956:393. 

Tomaskova J. Lécba a prevence atopického ekzému. Cs Pediat 1971; 4:160-162. 

Magnus IA. Dermatological photobiology. Clinical and experimental aspects. Oxford: 

Blackwell Scientific Publications, 1976:199.



34 

83. 

84. 

85. 

86. 

87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96. 

OF. 

98. 

99. 
100. 
101. 

102. 

103. 

Pullmann H, Mores E, Reinbach S$. Wirkungen von Infrarot- und UVA-Strahlen auf die 

menschliche Haut und ihre Wirksamkeit bei der Behandlung des endogenen Ekzems. Z 

Hautkr 1985; 60:171-177. 
Krutmann J, Czech W, Diepgen T, Niedner R, Kapp A, Schépf E. High-dose-UVA1 

therapy in the treatment of patients with atopic dermatitis. J Am Acad Dermatol. In press. 

Morison WL, Parrish JA, Fitzpatrick TB. Oral psoralen photochemotherapy of atopic 

eczema. Br J Dermatol 1978; 98:25-30. 

Hannuksela M, Karvonen J, Husa M, Jokela R, Katajamaki L, Leppisaari M. Ultraviolet 

light therapy in atopic dermatitis. Acta Derm Venereol (Stockh) 1985; suppl 114: 137-139. 

Falk ES. UV-light therapies in atopic dermatitis. Photodermatol Photoimmunol Photomed 

1985; 2:241-246. 
Midelfart K, Stenvold S-E, Volden G. Combined UVB and UVA phototherapy of atopic 

eczema. Dermatologica 1985; 171:95-98. 

Jekler J, Larké O. The effect of ultraviolet radiation with peaks at 300 nm and 350 nm in the 

treatment of atopic dermatitis. Photodermatol Photoimmunol Photomed 1990; 7:169-172. 

Salo O, Lassus A, Juvakoski T, Kanerva L, Lauharanta J. Behandlung der Dermatitis 

atopica und der Dermatitis seborrhoica mit selektiver UV-Phototherapie und PUVA. 

Dermatol Monatsschr 1983; 169:371-375. 

Potekaev NS, Sevidova LY, Vladimirov VV, Kochergin NG, Shinaev NN. Selective 

phototherapy and dimociphon immunocorrective therapy in atopic dermatitis. Vestn 

Dermatol Venerol 1987; 9:39-42. 

Kavli G. Fotokjemoterapi med psoralen og langbglget ultrafiolett lys. 1'/: ars erfaring fra 

hudavdelingen i Troms¢. Tidsskr Nor Legeforen 1978; 98:269-271. 

Sannwald C, Ortonne JP, Thivolet J. La photochimiothérapie orale de l’eczéma atopique. 

Dermatologica 1979; 159:71-77. 

Rajka G. Recent therapeutic events: Cimetidine® and PUVA. Acta Derm Venereol 

(Stockh) 1980; suppl 92:117-118. 
Binet O, Aron-Brunetiére, Cunéo M, Césaro M-J. Photochimiothérapie par voie orale et 

dermatite atopique. Ann Dermatol Venereol 1982; 109:589-590. 
Soppi E, Viander M, Soppi A-M, Jansén CT. Cell-mediated immunity in untreated and 

PUVA treated atopic dermatitis. J Invest Dermatol 1982; 79:213-217. 

Atherton DJ, Carabott F, Glover MT, Hawk JM. The role of psoralen photochemotherapy 
(PUVA) in the treatment of severe atopic eczema in adolescents. Br J Dermatol 1988; 

118:791-795. 
Coblentz WW. The Copenhagen Meeting of the Second International Congress on Light. 

Science 1932; 76:412-415. 

Diffey BL. Human exposure to ultraviolet radiation. Semin Dermatol 1990; 9:2-10. 

H6nigsmann H. Phototherapy and photochemotherapy. Semin Dermatol 1990;9:84-90. 

Lark6 O. Phototherapy of psoriasis — clinical aspects and risk evaluation. Acta Derm 

Venereol (Stockh) 1982; suppl 103:1-42. 
Kligman LH, Kligman AM. The nature of photoaging: Its prevention and repair. 

Photodermatol Photoimmunol Photomed 1986; 3:215=227. 

Morison WL, Kochevar IE. Clinical photoimmunology. In: Parrish JA, Kripke ML, 

Morison WL, editors. Photoimmunology. New York: Plenum Medical Book Co., 1983:215— 

271.



104. 

105. 

106. 

107. 

108. 

109. 

110. 

111. 

112. 

113. 

114. 

115. 

116. 

117. 

118. 

119. 

120. 

121. 

122. 

123. 

35 

Davis A, Deane GHW, Diffey BL. Possible dosimeter for ultraviolet radiation lamps used 

in dermatology. Nature 1976; 261:169-170. 

Diffey BL. Ultraviolet radiation dosimetry with polysulphone film. In: Diffey BL, editor. 

Radiation measurement in photobiology. London: Academic Press, 1989:135-159. 

Diffey BL. Analysis of the risk of skin cancer from sunlight and solaria in subjects living in 

northern Europe. Photodermatol Photoimmunol Photomed 1987; 4:118-126. 

Williamson P, Kligman AM. A new method for the quantitative investigation of cutaneous 

bacteria. J Invest Dermatol 1965; 45:498-503. 

Stockes EJ. Identification of bacteria. Clinical Bacteriology. London: Edward Arnold Ltd., 

1968:88-139. 
Kripke ML. Target organ for a systemic effect of ultraviolet radiation. Photochem Photobiol 

1976; 24:599-600. 
Jessup JM, Hanna N, Palaszynski E, Kripke ML. Mechanisms of depressed reactivity to 

dinitrochlorobenzene and ultraviolet-induced tumors during ultraviolet carcinogenesis in 

BALB/c mice. Cell Immunol 1978; 38:105-115. 

Noonan FP, De Fabo EC, Kripke ML. Suppression of contact hypersensitivity by UV 

radiation and its relationship to UV-induced suppression of tumor immunity. Photochem 

Photobiol 1981; 34:683-689. 
Kripke ML. Immunosuppressive effects of ultraviolet (280-320 nm) radiation and psoralen 

plus ultraviolet (320-400 nm) radiation in mice. J Natl Cancer Inst 1982; 69:171-173. 

Costa C, Rilliet A, Nicolet M, Saurat J-H. Scoring atopic dermatitis: the simpler the better? 

Acta Derm Venereol (Stockh) 1989; 69:41-45. 

Hanifin JM. Standardized grading of subjects for clinical research studies in atopic 

dermatitis: workshop report. Acta Derm Venereol (Stockh) 1989; suppl 144:28-30. 

Parrish JA, Fitzpatrick TB, Tanenbaum L, Pathak MA. Photochemotherapy of psoriasis 

with oral methoxsalen and longwave ultraviolet light. N Engl J Med 1974; 291:1207-1211. 

Gilchrest BA, Parrish JA, Tanenbaum L, Haynes HA, Fitzpatrick TB. Oral methoxsalen 

photochemotherapy of mycosis fungoides. Cancer 1976; 38:683-689. 

Granerus G, Roupe G, Swanbeck G. Decreased urinary histamine metabolite after 

successful PUVA treatment of urticaria pigmentosa. J Invest Dermatol 1981; 76:1-3. 

Tegner E, Thelin I. PUVA treatment of chronic eczematous dermatitis of the palms and 

soles. Acta Derm Venereol (Stockh) 1985; 65:451-453. 

Addo HA, Sharma SC. UVB phototherapy and photochemotherapy (PUVA) in the 

treatment of polymorphic light eruption and solar urticaria. Br J Dermatol 1987; 116:539- 

547. 
Goldberg HC. The uses of PUVA in atopic dermatitis. Acta Derm Venereol (Stockh) 1980; 

suppl 92:119-120. 

Hofmann C, Plewig G, Braun-Falco O. Bowenoid lesions, Bowen’s disease and 

keratoacanthomas in long-term PUVA-treated patients. Br J Dermatol 1979; 101:685-692. 

Stern RS, Thibodeau LA, Kleinerman RA, Parrish JA, Fitzpatrick TB, and 22 participating 

investigators. Risk of cutaneous carcinoma in patients treated with oral methoxsalen 

photochemotherapy for psoriasis. N Engl J Med 1979; 300:809-813. 

H6nigsmann H, Wolff K, Gschnait F, Brenner W, Jaschke E. Keratoses and nonmelanoma 

skin tumors in long-term photochemotherapy (PUVA). J Am Acad Dermatol 1980; 3:406- 

414.



36 

124. 

125. 

126. 

127. 

128. 

129. 

130. 

131. 

132. 

133. 

134. 

135. 

136. 

137; 

138. 

139. 

140. 

141. 

142. 

143. 

Roenigk HH, Caro WA. Skin cancer in the PUVA-48 cooperative study. J Am Acad 

Dermatol 1981; 4:319-324. 

Marx JL, Auerbach R, Possick P, Myrow R, Gladstein AH, Kopf AW. Malignant 

melanoma in situ in two patients treated with psoralens and ultraviolet A. J Am Acad 

Dermatol 1983; 9:904-911. 

George SA, Bilsland D, Johnson BE, Ferguson J. Narrow-band UVB (TL-O1) air 

conditioned therapy for chronic severe adult atopic eczema [abstract]. Book of abstracts. 

Fourth International Symposium on Atopic Dermatitis, Bergen, Norway, May 26-29, 1991. 

van Weelden H, Baart de la Faille H, Young E, van der Leun JC. A new development in 

UVB phototherapy of psoriasis. Br J Dermatol 1988; 119:11-19. 
Everett MA, Yeargers E, Sayre RM, Olson RL. Penetration of epidermis by ultraviolet 

rays. Photochem Photobiol 1966; 5:533-542. 

Epstein JH, Epstein WL. A study of tumor types produced by ultraviolet light in hairless 

and hairy mice. J Invest Dermatol 1963; 41:463-473. 

Hsu J, Forbes PD, Harber LC, Lakow E. Induction of skin tumors in hairless mice by a 

single exposure to UV radiation. Photochem Photobiol 1975; 21:185-188. 

Strickland PT, Burns FJ, Albert RE. Induction of skin tumors in the rat by single exposure 

to ultraviolet radiation. Photochem Photobiol 1979; 30:683-688. 

Cole CA, Forbes PD, Davies RE. An action spectrum for UV photocarcinogenesis. 

Photochem Photobiol 1986; 43:275-284. 

Freeman RG, Hudson HT, Carnes R. Ultraviolet wave-length factor in solar radiation and 

skin cancer. Int J Dermatol 1970; 9:232-235. 

Strickland PT. Photocarcinogenesis by near-ultraviolet (UVA) radiation in Sencar mice. J 

Invest Dermatol 1986; 87:272-275. 

MacKie RM, Elwood JM, Hawk JLM. Links between exposure to ultraviolet radiation and 

skin cancer. JR Coll Physicians London 1987; 21:91-96. 

Harvey I, Shalom D, Marks RM, Frankel SJ. Non-melanoma skin cancer. Br Med J 1989; 

299:1118-1120. 
Lark6é O, Diffey BL. Natural UV-B radiation received by people with outdoor, indoor, and 

mixed occupations and UV-B treatment of psoriasis. Clin Exp Dermatol 1983; 8:279-285. 

Larké O, Swanbeck G. Is UVB treatment of psoriasis safe? A study of extensively UVB- 

treated psoriasis patients compared with a matched control group. Acta Derm Venereol 

(Stockh) 1982; 62:507-512. 
Jones SK, Moseley H, MacKie RM. UVA-induced melanocytic lesions. Br J Dermatol 

1987; 117:111-115. 
Brodthagen H. Malignant melanoma caused by UV-A suntan bed? Acta Derm Venereol 

(Stockh) 1982; 62:356-357. 
Rivers JK, Norris PG, Murphy GM, Chu AC, Midgley G, Morris J, Morris RW, Young 

AR, Hawk JLM. UVA sunbeds: tanning, photoprotection, acute adverse effects and 

immunological changes. Br J Dermatol 1989; 120:767-777. 

Aberer W, Schuler G, Sting! G, Hénigsmann H, Wolff K. Ultraviolet light depletes surface 

markers of Langerhans cells. J Invest Dermatol 1981; 76:202-210. 

Britton FC, Gawkrodger DJ, McVittie E, Umbert I, Hunter JAA. UVB reduces the 

cutaneous cellular infiltrate of atopic eczema: a preliminary study. Photodermatol 

Photoimmunol Photomed 1988; 5:232-234.



144. 

145. 

146. 

147. 

148. 

149. 

150. 

151. 

152. 

153. 

154. 

155. 

156. 

157; 

37 

Gollhausen R, Kaidbey K, Schechter N. UV suppression of mast cell-mediated whealing in 

human skin. Photodermatol Photoimmunol Photomed 1985; 2:58-67. 

Livden JK, Bjerke JR, Degre M, Krogh H-K, Matre R. The significance of interferon in 
photoimmunology. Acta Derm Venereol (Stockh) 1987; suppl 134:43-46. 

De Maeyer E, De Maeyer-Guignard J, Vandeputte M. Inhibition by interferon of delayed- 

type hypersensitivity in the mouse. Proc Nat Acad Sci USA 1975; 72:1753-1757. 
Schwarz T, Luger TA. Effect of UV irradiation on epidermal cell cytokine production. J 

Photochem Photobiol 1989; B4:1-13. 

Krutmann J, Khan IU, Wallis RS, Zhang F, Rich EA, Ellner JJ, Elmets CA. Cell 

membrane is a major locus for ultraviolet B-induced alterations in accessory cells. J Clin 

Invest 1990; 85:1529-1536. 
Krutmann J, Kéck A, Schauer E, Parlow F, Kapp A, Forster E, Schopf E, Luger TA. 

Tumor necrosis factor 8 and ultraviolet radiation are potent regulators of human 

keratinocyte ICAM-1 expression. J Invest Dermatol 1990; 95:127-131. 

Dustin ML, Singer KH, Tuck DT, Springer TA. Adhesion of T lymphoblasts to epidermal 

keratinocytes is regulated by interferon y and is mediated by intercellular adhesion molecule 

1 (ICAM-1). J Exp Med 1988; 167:1323-1340. 
Dahl MV. Staphylococcus aureus and atopic dermatitis. Arch Dermatol 1983; 119:840-846. 

Chang JCH, Ossoff SF, Lobe DC, Dorfman MH, Dumais CM, Qualls RG, Johnson JD. 

UV inactivation of pathogenic and indicator microorganisms. Appl Environ Microbiol 1985; 

49:1361-1365. 
Faergemann J, Larké O. The effect of UV-light on human skin microorganisms. Acta Derm 

Venereol (Stockh) 1987; 67:69-72. 

Faergemann J, Maibach HI. The Pityrosporon yeasts. Their role as pathogens. Int J 

Dermatol 1984; 23:463—-465. 

Miescher G. Das Problem des Lichtschutzes und der Lichtgew6hnung. Strahlentherapie 

1930; 35:403-443. 
Norris PG, Schofield O, Camp RDR. A study of the role of house dust mite in atopic 

dermatitis. Br J Dermatol 1988; 118:435—440. 

Beck H-I, Korsgaard J. Atopic dermatitis and house dust mites. Br J Dermatol 1989; 

120:245-251.




