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Summary The synchronous application of narrowband UVB phototherapy with 311 nm lamps (Philips

TL-01) and bathing in Dead Sea salt solution was evaluated in a multicentre trial (n � 60) in
outpatients suffering from psoriasis vulgaris. The study design consisted of an initial therapy phase

of up to 35 treatments (three to five times a week) followed by maintenance therapy with up to 35

further applications (once or twice a week). Evaluation was performed separately for patients in
according-to-protocol (ATP) (n � 280) and intention-to-treat (ITT) (n � 692) groups. An overall

significant improvement of the Psoriasis Area and Severity Index (PASI) score (P , 0´05) could be

shown for both groups during initial therapy with 71´4% improvement for ATP and 61% for ITT
patients. The mean PASI for ATP (values for ITT in parentheses) was 17´7 (18´6) at baseline, 9´5

(10´7) after 20 applications and 5´2 (7´4) at the end of initial therapy. On average, ATP patients

received 3´9 (3´5) applications per week with a cumulative irradiation dose of 19´5 J cm22

(16´2 J cm22). The most frequent side-effect was erythema, observed in 8´7% of the patients.

Subjective evaluation of the therapy by the patients (n � 168) was excellent. Seventy-nine per cent
of patients preferred the new treatment strategy in comparison with other previous therapies and

88% regarded this therapy as pleasant and comfortable. In conclusion, we could demonstrate a

significant effect of therapy in both the ATP and the ITT groups for this new treatment system
which imitates, as far as possible, the Dead Sea climatic conditions, with no severe side-effects and a

high acceptance by the patients.
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ultraviolet B 311 nm

For decades it has been well-known that the climatic

conditions at the Dead Sea result in a clear improve-
ment of skin lesions for most patients with psoriasis

vulgaris.1±6 Sunlight and saltwater are the two main

components of the treatment strategy at the Dead Sea.
To use the therapeutic advantages for outpatients in

Europe, a special treatment system simulating the

conditions at the Dead Sea was developed. The Philips
narrowband TL-01 lamp (311 nm) (Eindhoven, the

Netherlands) was selected as the light source as clinical

studies have tended to report significantly greater
improvement of psoriasis with TL-01 lamps compared

with broadband sources.7±9 Moreover, the British

Photodermatology Group concluded in their workshop
report that there was no greater risk for TL-01 lamps

than with conventional UVB light sources;10 this has

also been confirmed by other authors.11,12 The
antipsoriatic effect of hypertonic solutions and the

special effect of Dead Sea salt caused by its high

concentration of Mg21 ions has already been
shown.13±17

In the present study, we report the data of the largest

(to the best of our knowledge) multicentre trial
performed, in 692 patients using synchronous narrow-

band ultraviolet (UV) B phototherapy and bathing in

Dead Sea salt solution.
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Materials and methods

Treatment system

The treatment system consisted of two components: an
anatomically shaped therapy bath-tub with a computer

controlled purification system for solution balneo-

therapy, and a continuously adjustable and individually
dispensable light console with a reflector system located

above the tub using TL-01 UVB lamps (311 nm,

Philips, Eindhoven, the Netherlands and Okkaido-
Vario-System Tomesaw Alteglofsheim, Germany) for

synchronous phototherapy (Fig. 1). Each unit is a

closed therapy system in which the bath solution is
continuously purified. A 10% Tomesaw-solution (in

German: Totes Meer Salz or Dead Sea salt) is used as an

analogue to the ion concentration of the Dead Sea
water. The solution concentration is reduced to 10% for

the purification system. The irradiation dosages are

measured periodically at the water surface using a
gauged dosimeter (Kompaktdosimeter RM-21, GroÈbel,

Ettlingen, Germany).

Treatment strategy

The study protocol for outpatients was set up according

to previous experience with inpatient therapy.6,18,19 All
patients started with an initial therapy of three to

five sessions per week up to a total of 35 sessions

with an increasing treatment duration (bathing and
irradiation) up to 30±35 min per session. Starting

dosage, ranging from 0´03 to 0´09 J cm22, was deter-

mined according to the skin type of the patient. During
treatment, the dosage per treatment unit was increased

by simultaneously prolonging the bathing time. At the

end of the treatment period, all patients reached a total
unit dosage of 0´9 J cm22 per single treatment. Incre-

mental steps to reach this final dosage were dependent

on the skin type of the patients and the patients'
individual acceptance. Patients could continue with a

maintenance therapy of one to two sessions per week

up to a total of 35 sessions. This maintenance therapy
was offered to the patients in order to guarantee a

prolonged treatment effect. Patients started a treatment

session with a short bath without phototherapy
followed by the synchronous balneophototherapy.

Frequent turnovers (every 4 min) guaranteed a con-

stant covering of the irradiated skin with the solution
and were necessary to reach all parts of the body.

Exclusion criteria

Patients fulfilling one or more of the following criteria

had to be excluded from the study: skin erosions,

Figure 1. The treatment system consists of an anatomically shaped
therapy bath-tub with a computer controlled purification system and

a continuously adjustable and individually dispensable light console

with a reflector system using TL-01 UVB lamps (311 nm) located

above the tub.

Table 1. Example of the questionnaire for patients to assess subjective impressions while on the treatment at treatment and at follow-up

a. Questionnaire during treatment (extract)

`How do you assess the state of your skin after therapy?' Very goodÐgoodÐsatisfactoryÐbadÐvery badÐdon't know

`How did you like the TOMESA therapy?' Very goodÐgoodÐsatisfactoryÐbadÐvery badÐdon't know

`How did you feel after the treatment (physically and mentally)?' Far better than beforeÐbetterÐunchangedÐworseÐ

far worseÐdon't know

`How would you assess the treatment in general?' PleasantÐunpleasant/troublesomeÐdon't know

b. Questionnaire during follow-up.

`Were you temporarily disabled due to your skin disease in the last 12 months?' Yes/how oftenÐnoÐnot working

`How far was your global feeling and your lifestyle (job, family, sports,

holiday) impaired by your skin disease within the last 12 months?'

Not at allÐlittleÐmoderateÐmuchÐvery muchÐ

don't know

`Have you realized any effect of the TOMESA therapy on the process of

your skin disease within the last 12 months?'

My skin is feeling betterÐhave not noticed any

differenceÐmy skin is feeling worseÐdon't know

`Has your skin worsened since the end of the TOMESA

therapy 12 months ago (Relapse)?'

No, no worseningÐyes, skin has worsened

`How long did it take after TOMESA therapy until your skin worsened again?' 1±3 monthsÐ4±6 monthsÐ7±12 monthsÐdon't know

`Would you assess the changes in your skin as stronger or weaker in

comparison with pretreatment with TOMESA?'

Much strongerÐstrongerÐequivalentÐweakerÐ

much weakerÐdon't know
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ulcers, viral or bacterial superinfection, generalized

pustular psoriasis, severe systemic disease, intake of
medication that might induce psoriasis, intake of

medication with effects on photosensitivity, con-

comitant or previous malignant skin tumours and
age under 16 years or pregnancy.

Evaluation of effect and side-effects

The primary parameter used to assess treatment effects

on psoriasis was the Psoriasis Area and Severity Index

(PASI) score.20 For initial therapy the PASI score was
evaluated on treatment days 0 (baseline), 20 and 35;

for maintenance therapy PASI was assessed on treat-

ment days 20 and 35. Furthermore, itching, joint pain,
local and systemic concomitant treatment, irradiation

dosages, bathing duration, side-effects and reasons for

withdrawal were documented. Quality of life and
contentment with treatment was assessed in a subset

of patients (n � 168) using a questionnaire specially

developed (Table 1a). One year after the end of initial
therapy a follow-up survey was carried out in 345

patients in order to evaluate the course of the disease

after treatment by asking the patients retrospective
questions (Table 1b).

Statistical methods

According to `good clinical practice' (GCP) criteria,

analysis was based on two groups: an according-to-

protocol group (ATP), i.e. patients treated according to
the study protocol without major protocol deviations or

therapy withdrawal, and the intention-to-treat group

(ITT), consisting of all patients in the study who
received at least one treatment. The ATP group

demonstrates the maximum treatment efficacy pos-

sible, while the ITT group assesses the treatment effect
to be observed in routine practice. For handling of

missing values of the PASI score in the ITT group, a

worst case analysis was performed using the `last
observation carry forward principle'.

Quality assurance and monitoring

The study protocol was established by the Department

of Dermatology of the University of Regensburg as the

scientific study centre, which also trained the investi-
gators and monitored closely on site according to GCP

criteria.

Patients

The multicentre trial was commenced at 10 different

centres in Bavaria in January 1996. This analysis is
based on patients included in the study up to

September 1997 with 60 participating centres. A

total of 692 patients with psoriasis vulgaris (ITT) was
admitted to initial therapy; 280 (40%) finished the

study according to protocol (ATP). The most important

protocol deviations were: fewer than three treatments
per week, repeated admittance to the study and early

study termination. Of the patients 60% were men and

40% women, with a mean age of 46 years. Only 0´5%
of the patients in employment were declared unfit for

work because of the treatment.

The clinical appearance of psoriasis before treatment
was classified as follows: 74% chronic type, 6%

exanthematic type, 20% combination type (chronic

and exanthematic lesions). Forty-six per cent of the
patients had complained about their psoriatic lesions

for more than 1 year, 9% between 6 and 12 months,

17% for 3±6 months, 23% for 1±3 months and only
5% for less than 1 month.

Results

Two hundred and eighty patients were treated with the

initial therapy (ITT: 692) with 29 (ITT: 156) con-
tinuing in the maintenance therapy. In both therapy

phases, patients had 35 treatment sessions (mean

values for ITT: initial therapy 30´5 and maintenance
therapy 25 sessions) as planned in the protocol with

3´9 sessions per week in the initial therapy and 2´3

sessions per week in the maintenance therapy (ITT:
3´5, respectively, two per week).

The total dose of irradiation per patient in the initial

therapy was 19´5 J cm22 (ITT: 16´2 J cm22) and
24´9 J cm22 (ITT: 17´5 J cm22) in the maintenance

therapy. Upon admission and prior to the commence-

ment of treatment, the average PASI was 17´7 (ITT:
18´6) decreasing to 9´5 (ITT: 10´7) after 20 sessions of

treatment and to 5´2 (ITT: 7´4) after 35 sessions. The

relative improvement of PASI based on the mean values
was 71´4% (ITT: 61´1%) (P , 0´05 for ATP and ITT).

Similar proofs of effectiveness could be obtained after

the maintenance therapy: by the end of the main-
tenance therapy on day 70 the mean PASI had fallen to

4´2 (ITT: 4´8) from 5´6 (ITT: 5´1) on day 55 (Fig. 2).

Tables 2 and 3 give detailed data on the ATP and ITT
group. Before treatment, 11% of patients stated that

their life was very much impaired by the disease, 35%
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had severe impairment, 28% moderate and 14% slight
impairment, whereas 12% did not feel impaired at all

by the disease.

In order to evaluate both the physicians' (n � 276)
and patients' (n � 275) subjective impression of

treatment success after initial therapy, an assessment

of treatment outcome was performed in comparison
with previous treatments. Sixty-nine per cent of

physicians and 79% of patients preferred outpatient

synchronous solution balneophototherapy to previous
treatments. Only 3% of physicians and 4% of

patients considered this therapy to be worse than

previous treatments, while the remainder thought it
equal. Eighty-eight per cent of patients (n � 168)

regarded the treatment form as pleasant and

comforting, whereas 9% considered it as troublesome
and unpleasant.

At completion of the initial therapy, patients

(n � 276) were asked about improvements in their
quality of life: 61% acknowledged an improvement

whereas 35% did not feel that there were any changes

after treatment (Table 4).
At commencement of therapy, 180 patients (64%)

complained about itching and 66 patients (34%)

suffered from joint pain. At the end of the initial
therapy, a remarkable reduction in itching symptoms

was observed in 82% (reduction in itching intensity in

34% of the affected patients; 48% were symptom-free).
An improvement in joint pain was observed in 58% of

the patients with symptoms at the beginning of the

therapy (reduced pain in 23% and no symptoms in
35%).

The most frequently observed side-effect was

erythema (87% of ITT) induced by irradiation. Owing
to the erythema a short treatment interruption became

necessary in 2´3% of patients, and in 2´5% con-

comitant treatment with topical glucocorticosteroids
seemed necessary. Other side-effects were chlorine

incompatibility in 0´9% of the patients, circulation

disorders in 0´7% and claustrophobia in 0´2%.
One year after the end of initial therapy, a survey was

carried out in 345 patients in order to evaluate the

Table 2. Improvement of Psoriasis Area and Severity Index (PASI),
according-to-protocol group (initial therapy n � 280, maintenance

therapy n � 29)

PASI score

Mean ^ SD Median

Initial therapy on baseline (day 0) 17´7 �^ 9´1 14´9

Initial therapy day 20 9´5* �^ 6´8 8´0

Initial therapy day 35 5´2* �^ 5´4 3´4

Maintenance therapy day 20 5´6* �^ 6 2´9
End of maintenance therapy day 35 4´2* �^ 4´6 2´1

* Significant difference to PASI score at baseline (P , 0´05).

Table 3. Improvement of Psoriasis Area and Severity Index (PASI),
intention-to-treat group (initial therapy n � 692, maintenance

therapy n � 156)

PASI score

Mean ^ SD Median

Initial therapy on baseline (day 0) 18´6 �̂ 10´2 16�´0

Initial therapy day 20 10´7* �^ 8´4 8�´4

Initial therapy day 35 7´4* �̂ 8´1 4�´4

Maintenance therapy day 20 5´1* �^ 6´5 2�´8
End of maintenance therapy day 35 4´8* �̂ 6´8 2�´1

* Significant difference to PASI score at baseline (P , 0´05).

Table 4. Impairment in quality of life before and after initial therapy
in according-to-protocol (ATP) group. Patients with no change in

quality of life (Qol) from pre to post-treatment can be found in the

cells in bold. Patients with decreased Qol from baseline to end of study

can be found above these cells, patients with increased Qol below the
cells in bold

None Little Moderate Severe Very severe Total

None 25 3 4 ± ± 32
Little 16 20 2 ± 1 39

Moderate 23 30 25 ± ± 78

Severe 23 35 15 21 1 95

Very severe 2 6 12 6 6 32

Total 89 94 58 27 8 276

Figure 2. Treatment effects [mean Psoriasis Area Severity Index
(PASI) values] in the according-to-protocol group (ATP) during initial

therapy (n � 280).
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follow-up. Fifty-five per cent of patients relapsed after

6 months, 68% after 1 year. The intensity of relapse
could be categorized as follows: a similar extent to

before treatment in 31%, a lesser extent in 34% and a

greater extent in 15% of the affected patients.
Additionally, we assessed the influence of treatment

on the further process of the disease: 47´8% of

patients stated that their skin was feeling much
better since the therapy, 30´4% claimed they had not

noticed any effect and 5´5% complained about their

skin feeling worse.

Discussion

The effectiveness of this new treatment was proved by

objective criteria as well as by using subjective

assessments by patients and dermatologists. The
therapy was rated very positively by the patients, to

some extent certainly due to the easy handling and low

rate of side-effects. It is of special interest that a
significant improvement of PASI could be seen in both

the ATP and ITT group. This effect was clearly lower in

the ITT group (relative improvement in PASI 71´4% vs.

61´1%), which might be explained by the worst case

analysis performed for the ITT group.
Single centre studies and studies with a small

number of patients can be biased due to preselection

of patients suitable for the study protocol. Exaggerated
positive results in the ATP group (compared with the

results in the ITT group) might be found. For a broad

use, only treatments showing positive results in the
ATP and more importantly in the ITT group should be

considered. Therefore, we performed a multicentre

phase II study and analysed responsiveness to therapy
in both ATP and ITT groups. The rather low proportion

of ATP patients here supports our concept of planning

of this trial. Our results in both groups demonstrate a
clear and significant treatment effect and prove the

value of this new therapy.

The ATP data of this study have to be compared with
the literature, which so far only includes UV treatments

of ATP groups. To the best of our knowledge, this is the

first study to present data for an ITT group with
psoriasis vulgaris using UV therapy.

In order to increase the therapeutic advantages of
narrowband UVB phototherapy in psoriasis,7±12 this

Table 5. Comparison of synchronous ultraviolet (UV) B therapy (311 nm) and Dead Sea salt solution bathing with other published studies

Study

No. of

patients

PASI at

baseline

(mean)

No. of

sessions

(mean)

Cumulative dosages

(UVB 311 nm)

J cm22

Relative

improvement

in PASI (%)

Narrowband UVB combination
UVB 311 1 10% 280 (ATP) 17´7 (ATP) 35 (ATP) 19´51 (ATP) 71 (ATP)

TOMESA-solution (outpatient

synchronous treatment)

692 (ITT) 18´6 (ITT) 30´5 (ITT) 16´17 (ITT) 61 (ITT)

UVB 311 with dithranol 6 * 10 10´93 74
UVB 311 without dithranol 5 14´68 50

UVB broadband with dithranol 7 68

UVB broadband without dithranol21 5 37
UVB 311 15 ** 13´5 12´7 at 80% of patients

UVB 311 1 etretinate 15 18 8 at 95% of patients

PUVA 1 etretinate22 15 18´3 ± at 100% of patients

(`satisfactory response')
Bath-PUVA 1 UVB 311 12 27 13 8´54 97

Bath-PUVA23 (halfside trial) 68

Narrowband UVB alone
UVB 31124 53 ** 20 20´19 at 92% of patients (`satisfactory response')

UVB 311 near erythemogenic 11

(halfside trial)

21´2 12 14 69

UVB 311 far erythemogenic25 18´5 16 91 16

Other treatments

Bath-PUVA 20 13´5 18 ± 73
PUVA26 20 12´6 17 81

Sheet-bath-PUVA27 58 16 17 ± 98

Local treatment with calcipotriol 239 9´4 8 ± 64

Short-time therapy with dithranol28 239 9´1 48

ATP, according to protocol group; ITT, intention to treat group; PASI, Psoriasis Area and Severity Index. * PASI evaluated without detailed

explanation in the publication. ** No PASI evaluated.
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light source has been combined with dithranol,21 oral

retinoids22 or bath-PUVA.23 In addition, comparative
studies with narrowband UVB alone,24,25 PUVA,

bath-PUVA23,26,27 and topical medication alone28 are

of interest (Table 5). However, comparison of the
studies is difficult as important study criteria differ:

primary parameters, severity of disease at baseline,

number of treatment sessions and number of patients.
All but one study28 was performed on a very small

number of patients. As disease severity at baseline is

not given in detail in the studies by Green et al.22 and
Picot et al.24 a comparison cannot be made with our

data. We observed a mean PASI at baseline of 17´7

(ITT: 18´6) in a group with many patients suffering
from the chronic type of psoriasis (74%) and a long

disease duration (46% reported psoriasis longer than

12 months). Similar severe cases were treated by
Calzavara-Pinton23 with a PASI at baseline of 27 and

by Hofer et al.25 (21´2 and 18´5, Table 5). All other

studies with published PASI at baseline included less
severe affected patients. Depending on the various

study protocols, the number of treatments varied from

eight to 35 per patient (compared with 35 in all of our
ATP group). While Hofer et al.25 treated their near-

erythemogenic group with a cumulative dosage of

14 J cm2 in a total of 12 sessions, the cumulative UVB
dosage of 19´5 J cm2 in 35 sessions of our study

indicates treatment below near-erythema. As the

treatment success is similar (relative PASI improvement
of 69%25 vs. 71´4% in our study, Table 5), a reduction

in number of treatments with a synchronous increase

in dosage closer to near-erythemogenic could be
possible. On the other hand, the risk of short-term

as well as long-term side-effects might be increased,

if induction of erythema parallels the increase of
carcinogenesis.

There may be a potential risk of side-effects of the

treatment modality reported here, although it is
considered as absent or low in the available

literature.10±12 Short-term side-effects such as the

development of erythema after treatment were
observed in only a few patients and were assessed as

mild in most cases. Long-term side-effects of narrow-

band UVB treatment have not been assessed in a large
number of patients yet. The study group presented here

will be available for such investigations in future.

Our study shows similar results for relative improve-
ment in PASI compared with combination studies

using narrowband UVB with the simultaneous

application of dithranol (74% vs. 71´4% here).21 It
should be noted however, that Storbeck et al.21 do

not give any data regarding PASI at baseline.

Calzavara-Pinton23 observed a clearly greater PASI
improvement (bath-PUVA combined with UVB 311:

97%). As this success was obtained by the combination

of two modalities of phototherapy far higher cumu-
lative dosages were achieved.

Compared with other therapeutic modalities, the

new treatment system shows similar success to bath-
PUVA (73% relative PASI improvement) and comes

close to oral PUVA treatment (81%).26 It has to be

considered that PASI at baseline was lower in this study
(baseline PASI in two groups 13´5 and 12´6) than in

our trial (ATP: 17´7). In a comparative study with

bath-PUVA treatment in patients with remarkably
higher PASI before treatment, only a relative PASI

improvement of 68% could be demonstrated.23 In

contrast to these two studies Streit et al.27 obtained a
very high relative PASI improvement of 98% with a

mean of 17 treatments per patient using sheet-bath-

PUVA. During the last 3 years a large multicentre study
for the comparison of bath-PUVA, sheet-bath-PUVA

Table 6. Comparison of relapse rates between synchronous ultraviolet (UV) B therapy and Dead Sea salt solution bathing with other studies
published

Study No. of patients Percentage of patients Relapse after months

UVB 311 1 10% TOMESA solution
outpatient synchronous treatment 345 55� 6

68� 12

UVB 311 45 50� 6

UVB 311 1 etretinate 67� 6
PUVA 1 etretinate22 50� 6

Cyclosporin 1 PUVA 40 58� 6

Re-PUVA29 15� 6

Cyclosporin 76 45� 6
Etretinate30 12� 6

Dithranol 35 . 80� 12

Dithranol 1 clobetasol31 . 80� 12
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and asynchronous solution balneophototherapy has

been performed by the Kiel group. The data of this
study, which have not yet been published in detail, will

provide further insights into the efficacy of the different

treatment options of balneophototherapy.
The advantages of the synchronous UVB therapy

while bathing in comparison with short-term treat-

ments with dithranol are evident (Table 5).28 Relapse
rates reported here are similar to those achieved with

cyclosporin and PUVA with remarkably less potential

for harmful side-effects29 (Table 6).
To the best of our knowledge, this is the first report of

both numerous patients' and physicians' subjective

impression of a new treatment form in psoriasis
vulgaris. The majority of investigators (69%) and

patients (79%) assessed synchronous balneophoto-

therapy to be superior to previous treatments. This
appears important in patients with chronic diseases

where multiple treatment courses during the whole life

may be necessary, because quality of life cannot only be
impaired by the disease but also by the treatment

modalities. The positive evaluations observed in our
study show high satisfaction in patients and physicians.

Moreover the influence of balneophototherapy on joint

pain is of special interest. Improvement was observed in
58% of patients with symptoms at the beginning of the

therapy.

In summary, the new therapy presented here
enriches the variety of treatment options for patients

suffering from psoriasis vulgaris. It increases quality

of life of psoriasis patients as treatment success is
remarkable and especially because patients experi-

ence this therapy as pleasant, easy to handle and

comfortable.
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