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Abstract

Background UV-based therapies, which include narrow-

band (NB) UVB, broad-band (BB) UVB, and psoralen and

UVA (PUVA), are well known treatment options for

moderate to severe plaque psoriasis. However, there are

limited evidence-based reviews on their efficacy, short-

term safety, and tolerability.

Aim The aim of the study was to evaluate the efficacy,

short-term safety, and tolerability of UV-based therapy in

the treatment of adults with moderate to severe plaque

psoriasis.

Methods We performed a systematic review and meta-

analysis of randomized controlled trials (RCTs) evaluating

NB-UVB, BB-UVB, and PUVA in adults with moderate to

severe plaque-type psoriasis. Our efficacy outcomes

were C Psoriasis Area and Severity Index (PASI)-75 and

clearance. We evaluated the short-term safety and tolera-

bility from the percentage of adverse effects and with-

drawal due to adverse effects, respectively.

Results Forty-one RCTs, with a total of 2,416 patients,

met the eligibility criteria and were included in the anal-

ysis. In regard to PASI-75 in monotherapy trials, PUVA

(mean: 73 %, 95 % CI 56–88) was the most effective

modality. Trials with BB-UVB also showed a high PASI-

75 (73 %) but with a wide CI (18–98) due to heterogeneity

of the total available three studies. This was followed by

NB-UVB (mean: 62 %, 95 % CI 45–79) then bath PUVA

(mean: 47 %, 95 % CI 30–65). In regard to clearance in the

monotherapy trials, PUVA (mean: 79 %, 95 % CI 69–88)

was superior to NB-UVB (mean: 68 %, 95 % CI 57–78),

BB-UVB (mean: 59 %, 95 % CI 44–72), and bath PUVA

(mean: 58 %, 95 % CI 44–72). The percentages of

asymptomatic erythema development in monotherapy trials

were 64 % for BB-UVB, 57 % for NB-UVB, 45 % for

PUVA, and 34 % for bath PUVA. Symptomatic erythema

or blistering percentages for the monotherapy trials were as

follows: 7.8 % for NB-UVB, 2 % for BB-UVB, 17 % for

PUVA, and 21 % for bath PUVA. The percentages of

withdrawal due to adverse effects were 2 % for NB-UVB,

4.6 % for BB-UVB, 5 % for PUVA, and 0.7 % for bath

PUVA monotherapy trials.

Conclusions As a monotherapy, PUVA was more effec-

tive than NB-UVB, and NB-UVB was more effective than

BB-UVB and bath PUVA in the treatment of adults with

moderate to severe plaque-type psoriasis, based on clear-

ance as an end point. Based on PASI-75, the results were

similar except for BB-UVB, which showed a high mean

PASI-75 (73 %) that was similar to PUVA, but with a

wide CI (18–98). The short-term adverse effects were mild

as shown by the low rate of withdrawal due to adverse

effects.
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1 Introduction

Psoriasis is a chronic inflammatory disease that affects the

skin and/or the joints. The prevalence of psoriasis world-

wide ranges from 0.6 to 4.8 % of the general population

[3]. In the USA, based on data collected in 2003–2004, the

prevalence is 3.15 %, which corresponds to approximately

5 million adults between the ages of 20–59 years. [3] The

disease can be associated with adverse physical and mental

effects that are comparable to those in patients with

internal malignancies, heart diseases, diabetes mellitus, and

depression [4]. Psoriasis is also associated with an increase

in the prevalence of metabolic syndrome, especially

abdominal obesity, hypertriglyceridemia, and low levels of

high-density lipoprotein [5]. This increase in prevalence

was shown to be higher with increasing severity [6].

Clinically, psoriasis is classified into major phenotypes,

which are plaque, guttate, pustular, and erythrodermic [7].

Plaque psoriasis is the most common subtype and

accounts for approximately 90 % of psoriasis patients [7].

Most of the cases are mild and can be controlled with

topical medications. However, in approximately 17 % of

patients, the disease is moderate to severe [3]; for these

patients, additional therapeutic options include UV-based

therapy [UVB phototherapy or psoralen and UVA (PUVA)

photochemotherapy], systemic therapy (methotrexate,

cyclosporine, mycophenolate mofetil, oral retinoids), or

biologics.

According to the American Academy of Dermatology

guidelines for the treatment of psoriasis, the first line of

treatment of psoriasis involving more than 5 % of the body

surface area in both sexes is UVB phototherapy [broad-

band (BB) or narrow-band (NB)], either alone or in com-

bination with oral retinoid or methotrexate [8]. Also, the

National Psoriasis Foundation has recommended UVB

phototherapy to be tried before systemic and biologic

agents in moderate to severe psoriasis [9]. These recom-

mendations are based on the long-term efficacy and safety

of phototherapy in the treatment of psoriasis.

At present, with the rapidly increasing options for the

treatment of psoriasis, UV-based therapy is still an

important therapeutic modality, both as monotherapy and

in combination with other treatments. The mechanisms of

action of UV-based therapy in psoriasis include local

immunosuppression through the effect on Langerhans

cells, cytokines, and adhesion molecules, inhibition of

proliferation of keratinocytes and angiogenesis, and

induction of T-cell apoptosis [8].

Psoriasis Area and Severity Index (PASI) score, which

is the most studied and validated score to assess the

severity of psoriasis, was shown in a recent systematic

review to be the best outcome measure in assessing the

severity of plaque psoriasis [10]. PASI-75, which is the

percentage of patients that achieved a 75 % reduction in

their baseline PASI, is now becoming the standard in

determining the efficacy of a given therapy. PASI-75 has

been used in systematic reviews that compare different

systemic and biologic treatments of psoriasis [11–14].

Clearance is another important end point from the per-

spective of both the patient and the physician. It has been

used frequently in older studies assessing the efficacy of

PUVA treatments. In 1978, the more detailed scoring

system, PASI, was introduced and since then, it has been

widely used [15]. However, even after the development of

PASI, clearance continued to be used as an outcome

measure in some studies on UV-based therapy.

The aim of this systematic review is to assess the effi-

cacy, short-term safety, and tolerability of NB-UVB, BB-

UVB, and PUVA, both as monotherapy and as part of

combination therapy with topical and systemic treatments,

including biologics, for the treatment of widespread mod-

erate to severe plaque psoriasis.

2 Methods

We searched MEDLINE, EMBASE, and Cochrane dat-

abases. Our keywords were ‘psoriasis’ in combination with

‘phototherapy’, ‘photochemotherapy’, ‘UVB’, ‘BB-UVB’,

‘broadband UVB’, ‘NB-UVB’, ‘narrowband UVB’,

‘ReUVB’, ‘PUVA’, ‘RePUVA’, and ‘D-PUVA’ (i.e., top-

ical vitamin D derivatives combined with PUVA). The

search was limited to randomized clinical trials, humans,

English language, and publication years from 1980 to

2011. We included only randomized controlled trials

(RCTs) of parallel groups and bilateral right to left com-

parisons. The participants were patients older than 16 years

with widespread plaque psoriasis. We excluded other types

of psoriasis, such as guttate, pustular, and erythrodermic.

We also excluded inpatient studies and studies shorter than

4 weeks’ duration. Targeted phototherapy, photodynamic

therapy, and topical PUVA were excluded because their

efficacy can not be compared with generalized UV-based

therapy. We excluded studies that evaluated the efficacy of

treatments on selected lesions or part of the body (instead

of full or half body), since these are often milder cases for

which the studies usually did not use PASI score to mea-

sure response.

Our main outcome was the percentage of patients that

achieved PASI-75 or above, and the percentage of patients

that achieved clearance. In trials reporting PASI-80 or

PASI-90, they were grouped with PASI-75 and above. In

trials reporting PASI before and after, but not PASI-75, we

calculated PASI-75 by assuming normal distribution of the

PASI changes. Under clearance, we included only trials

that reported complete clearance, clearance with minimal
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residual activity, or C90 % improvement from the

baseline.

The safety of the interventions was assessed by the

percentage of acute adverse effects. We divided the

adverse effects for UVB into asymptomatic erythema and

symptomatic erythema or blistering. For PUVA, the

adverse effects were divided into asymptomatic erythema,

symptomatic erythema or blistering, and nausea/vomiting.

The tolerability was assessed by the percentage of with-

drawals due to adverse effects.

Two of the authors (F.A. and N.A.) determined study

eligibility and abstracted data that included sample size,

intervention, starting dose, increments, frequency, baseline

PASI, PASI at the end of the study, PASI-75 or above,

clearance, adverse effects, and withdrawal due to adverse

effects. We assessed methodological quality according to

the Jadad scoring system, which is a 0–5 score from the

lowest to highest quality. The Jadad scoring system has

been used in many systematic reviews, and is based on five

questions, with the positive answer to each question

assigned 1 point. The questions are (1) was the study

randomized, (2) was the study double blinded, (3) was

there a description of the withdrawal, (4) was the ran-

domization process described and valid, and (5) was the

double-blinding process described and valid? [16].

3 Data Analysis

PASI-75 was estimated by assuming normal distribution of

PASI change for studies that did not report PASI-75

response, but reported baseline and end of study PASI. For

the purpose of the meta-analysis, a random effects model

proposed by DerSimonian and Laird was applied to cal-

culate the pooled effect size [61]. For proportion outcomes,

the Freeman-Tukey variant of the arcsine square root

transformation [17] was used for transforming proportion

into quantities, and back-transformation was utilized to

have final weighted pooled proportion [18].

4 Results

A total of 41 RCTs with a total of 2,416 patients investi-

gating NB-UVB, BB-UVB, and PUVA for the treatment of

widespread plaque-type psoriasis met the inclusion criteria

(Fig. 1). Tables 1, 2, 3, 4, 5, 6 and 7 include the details of

these studies.

RCTs evaluating NB-UVB, BB-UVB, and PUVA were

divided into studies that have clearance or PASI-75 and

above as an endpoint. We calculated the estimated PASI-75

by assuming normal distribution of PASI changes for RCTs

that did not provide PASI-75.

4.1 Narrow-Band UVB

4.1.1 Mean Percentage of Patients Achieving Psoriasis

Area and Severity Index (PASI)-75

The mean PASI-75 as calculated from nine RCTs with 293

patients for NB-UVB monotherapy was 62 % (95 % CI

45–79) (Fig. 2) [19–27]. The duration of these studies

ranged from 4 to 24 weeks. The total number of treatments

ranged from 14 to 34. The most common treatment fre-

quency found in all studies was three treatments per week,

ranging from two to five per week. The initial dose is either

according to skin type or minimal erythema dose (MED).

Five of the nine studies used the patients’ MED as the basis

of the starting dose [19, 24, 26, 27], with patients in three

of the studies started with 70 % of the MED [19, 24, 27],

one study 50 % [26], and another 35 % [24]. With regard to

increments, 20 % was used in 7 of the 9 studies [19, 22–

27]. Forty percent increments were used in one study [24],

and a fixed increment in another (Table 1) [21].

There were two studies that investigated the combina-

tion of NB-UVB with topical treatments (Table 2) [20, 21].

The percentage of patients achieving estimated PASI-75

for the trial combining NB-UVB and calcipotriol was 52 %

(95 % CI 32–71) [21], and for the trial combining NB-

UVB and tazarotene, 10 % (95 % CI 0–28) [20]. In these

two studies, the authors did not report PASI-75; therefore,

Fig. 1 Flow chart of the searched trials. PASI Psoriasis Area and

Severity Index, PDT photodynamic therapy, RCT randomized con-

trolled trials
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we calculated PASI-75 assuming normal distribution on the

PASI changes, which could underestimate the PASI-75.

However, it is clear that these two studies did not show

additional advantage of combination therapy with calci-

potriol or tazarotene over NB-UVB monotherapy.

Six trials that combine NB-UVB with systemic or bio-

logic treatments were included (Table 2) [19, 25, 28–31].

In one trial that evaluated the combination of NB-UVB

with acitretin, only 56 % of the 30 patients achieved PASI-

75 [30] which is close to the PASI-75 of NB-UVB alone

(62 %). However, combining NB-UVB with methotrexate

was very efficacious with an average of 94 % (95 % CI

81–100) of 31 patients from two trials achieving PASI-75

or above [19, 25].

The addition of biologics was also very efficacious.

When adalimumab was added to NB-UVB, all four patients

achieved PASI-75 [31]; when alefacept was added, an

average of 97 % (95 % CI 85–100) of 35 patients from two

trials achieved PASI-75 [28, 29].

4.1.2 Mean Percentage of Patients Achieving Clearance

The mean clearance rate of NB-UVB monotherapy from

ten trials with 379 patients was 68 % (95 % CI 57–78)

(Fig. 3), which was close to the result of trials that have

PASI-75 as an endpoint (62 %) [1, 26, 27, 32–38].

Clearance was achieved in 90 % (95 % CI 71–100) of

ten patients treated with NB-UVB and calcipotriol ointment

with an average of 43 treatments [38]. When liquor carbonis

detergens (LCD, coal tar solution) was combined with NB-

UVB, 58 % (95 % CI 30–86) of 12 patients achieved

clearance [32], which is not better than the clearance rate of

NB-UVB alone (68 %) (Table 2) [1, 26, 27, 32–38].

The combination of 8-methoxypsoralen (8-MOP) with

NB-UVB was evaluated in 72 patients from two trials with

an average clearance rate of 84 % (95 % CI 74–92) [39,

40]. One trial combined bath PUVA with NB-UVB; this

resulted in clearance in 92 % (95 % CI 77–100) of the 12

patients (Table 2) [41].

4.2 Broad-Band UVB

4.2.1 Mean Percentage of Patients Achieving PASI-75

The mean PASI-75 of BB-UVB monotherapy from three

trials with 246 patients is 73 % (95 % CI 18–98) (Fig. 2)

[2, 42, 43]. Addition of a saline bath before BB-UVB in

one study resulted in 39 % (95 % CI 28–50) of patients

achieving PASI-75, offering no advantage in efficacy

compared with monotherapy [42]. On the other hand, one

study combining calcipotriol cream with BB-UVB resulted

in 76 % (95 % CI 67–85) of the 84 patients reaching PASI-

75 or more (Table 4) [2].T
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In contrast to the addition of alefacept to NB-UVB [28,

29], combination of alefacept and BB-UVB therapy did not

show an increase in the efficacy (50 % achieving PASI-75)

[29] compared with BB-UVB alone (73 % PASI-75) [2,

42, 43].

4.2.2 Mean Percentage of Patients Achieving Clearance

Prior to the use of the PASI score, clearance was often used

to report the efficacy of treatment; many BB-UVB studies

used this criterion. The average clearance rate of BB-UVB

monotherapy from four trials with 148 patients was 59 %

(95 % CI 44–72) (Fig. 3) [1, 2, 44, 45]. Combining BB-

UVB with fluocinonide cream or tar oil showed a clearance

rate of 54 % (BB-UVB/fluocinonide) and 63 % (BB-UVB/

tar oil), respectively [44, 45]. Three trials with a total of

202 patients evaluated the addition of calcipotriol 50 lg/g

cream and ointment to BB-UVB; this combination showed

an average clearance rate of 56 % (95 % CI 47–64)

(Table 4) [2, 46, 47]. Based on the above studies, one can

Fig. 2 Rate of PASI-75 or

above for NB-UVB and

BB-UVB trials. BB-UVB broad-

band UVB, DSL DerSimonian-

Laird method, MTX
methotrexate, NB-UVB narrow-

band UVB, PASI Psoriasis Area

and Severity Index, PASI-75
percentage of patients that

achieved 75 % reduction in

their baseline PASI
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conclude that the addition of fluocinonide cream, tar oil,

and calcipotriol cream or ointment offer no advantage in

regard to clearance rate as compared with BB-UVB

monotherapy.

4.3 Oral Psoralen and UVA (PUVA)

4.3.1 Mean Percentage of Patients Achieving PASI-75

The average percentage of patients achieving PASI-75 for

PUVA monotherapy from eight trials with 246 patients was

73 % (95 % CI 56–88) (Fig. 4) [22, 23, 27, 48–52]. In a

study evaluating the combination of oral PUVA and aci-

tretin, only 63 % of the 30 investigated patients achieved

PASI-75 [30]. Combining PUVA with calcipotriol showed

good efficacy in one trial, with 88 % of the 60 patients

meeting PASI-75 (Table 6) [52].

4.3.2 Mean Percentage of Patients Achieving Clearance

The mean clearance rate of PUVA monotherapy from ten

trials with 372 patients was 79 % (95 % CI 69–88) (Fig. 5)

[27, 36, 37, 41, 40, 48, 50, 53–55]. A study [56] evaluated

the combination of oral PUVA and acitretin in 20 patients;

it showed a clearance rate of 94 %, which was much higher

than a similar study [30] which showed PASI-75 of 63 %

(Table 6).

Fig. 3 Rate of clearance for

NB-UVB and BB-UVB trials.

BB-UVB broad-band UVB, DSL
DerSimonian-Laird method,

LCD liquor carbonis detergens

(coal tar), NB-UVB narrow-band

UVB, PUVA psoralen and UVA
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4.4 Bath PUVA

4.4.1 Mean Percentage of Patients Achieving PASI-75

The mean PASI-75 for the bath PUVA monotherapy from

four trials with 84 patients was 47 % (95 % CI 30–65)

(Fig. 4) [26, 41, 48, 56]. A study [56] evaluated two dif-

ferent concentrations (1 vs. 5 mg/L) of 8-MOP in bath

PUVA; it showed an estimated PASI-75 of 56 % (95 % CI

40–71) for the two groups combined. However, the esti-

mated PASI-75 was 64 % for the 5 mg/L group vs 48 %

for the 1 mg/L group (Table 7) [56]. Another study [48]

used 3.78 mg/L concentration of 8-MOP, showing that the

PASI-75 and clearance rate were identical at 64 % [48],

which was similar to the result with a 5 mg/L (8-MOP)

group in the study by Vongthongsri et al. [56]. Two studies

used trimethylpsoralen 0.33 mg/L. In Dawe et al. [34],

54 % achieved clearance, and in Snellman et al. [26], only

18 % achieved PASI-75. Both studies showed lower effi-

cacy compared with studies using high concentration

8-MOP (3.78 and 5 mg/L) [48, 56]. A study [57] investi-

gated the combination of bath PUVA with acitretin or

etretinate; it reported 100 % of the 34 patients achieved

CPASI-75 (Table 7) [57]. Therefore, the addition of oral

retinoids to bath PUVA appeared to greatly increase the

efficacy of bath PUVA.

4.4.2 Mean Percentage of Patients Achieving Clearance

The mean clearance rate of bath PUVA monotherapy from

two trials with 50 patients was 58 % (95 % CI 44–72)

(Fig. 5) [34, 48]. Combining bath PUVA with acitretin or

etretinate in 34 patients resulted in a 100 % clearance rate

in both groups (Table 7) [57].

4.5 Trials that Evaluated Different Protocols

Three studies compared different treatment protocols for

NB-UVB (Table 1). Cameron et al. [33] compared fre-

quencies of twice a week versus three times a week. They

found the three-times-a-week frequency to have 80 %

clearance compared with 69 % for twice weekly [33].

Similarly, Dawe et al. [35] compared frequencies of three

Fig. 4 Rate of PASI-75 or

above for PUVA trials. DSL
DerSimonian-Laird method,

PASI Psoriasis Area and

Severity Index, PASI-75
percentage of patients that

achieved 75 % reduction in

their baseline PASI, PUVA
psoralen and UVA
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times versus five times a week and found an equal clear-

ance rate of 76 % for both groups [35]. However, fewer

treatments were needed to achieve clearance in the three

times weekly group versus the five times weekly group.

Kleinpenning et al. [24] compared an aggressive NB-UVB

protocol of a 40 % increase with a 20 % increase with each

treatment. While there was a difference in the percentage

of patients achieving PASI-75 (75 vs. 67 %) in favor of an

aggressive protocol with a mean of four fewer treatments,

this difference was not statistically significant [24].

Therefore, the above studies suggest that three times a

week frequency with a 20 % increase with each treatment

is a reasonable approach. However, it should be noted that

these studies were performed on Caucasian patients with

Fitzpatrick skin phototypes I, II, and III.

Three PUVA studies investigated different protocols

(Table 5). El-Mofty et al. [49] compared two times with

three times a week frequency; they found no significant

difference in efficacy between the two groups; however,

the three times a week group received double the number

of treatments [49]. Two studies evaluated different PUVA

starting dose protocols [i.e., minimal phototoxic dose

(MPD)-based vs. skin type-based]. Even though both

studies showed no advantage in starting based on MPD as

compared with skin type, it was difficult to draw a firm

conclusion because the increment protocols for MPD and

skin type groups were different [53, 54].

4.6 Safety and Tolerability of UV-Based Therapy

The average percentages of asymptomatic erythema

development were 57 % for NB-UVB [1, 19, 23, 25, 27,

32–38], 64 % for BB-UVB [1, 42, 43], 45 % for PUVA [23,

27, 36, 37, 40, 48, 50, 51, 53, 54], and 34 % for bath PUVA

monotherapy studies (Tables 8, 9, 10, 11, 12) [34, 48].

Symptomatic erythema or blistering for the monotherapy

studies were as follows: 7.8 % for NB-UVB [1, 26, 27, 33–

36, 38], 2 % for BB-UVB [1, 42, 43], 17 % for PUVA [27,

36, 39, 51, 53], and 21 % for bath PUVA (Tables 8, 9, 10,

11, 12) [34, 41, 56]. The combination of oral 8-MOP with

NB-UVB resulted in asymptomatic erythema or blistering

in 12 % of the patients, which is higher than NB-UVB but

Fig. 5 Rate of clearance for

PUVA trials. DSL
DerSimonian-Laird method,

PASI Psoriasis Area and

Severity Index, PASI-75
percentage of patients that

achieved 75 % reduction in

their baseline PASI, PUVA
psoralen and UVA
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lower than PUVA [39], whereas the combination of bath

PUVA and NB-UVB greatly increased the asymptomatic

erythema or blistering to 50 % (Table 9) [41]. The mean

percentage of nausea/vomiting from PUVA studies was

33 % (Table 11) [22, 23, 36, 40, 48, 51, 53]. Details of the

adverse effects for both monotherapy and combination

studies are described in Tables 8, 9, 10, 11, 12.

Tolerability as measured by the percentage of with-

drawal due to adverse effects was 2 % for NB-UVB [1, 19,

21, 24–27, 32–38], 4.6 % for BB-UVB [1, 2], 5 % for

PUVA [27, 36, 37, 48, 51–55], and 0.7 % for bath PUVA

monotherapy [26, 34, 41, 48, 56]. The percentages of the

withdrawal due to adverse effects for all the included

studies are shown in Tables 8, 9, 10, 11, 12.

5 Discussion

In this systematic review, we assessed the efficacy, short-

term safety, and tolerability of different UV-based thera-

peutic modalities in the treatment of moderate to severe

plaque psoriasis. The results are summarized in Table 13.

With regard to PASI-75 (Figs. 2, 3), we found PUVA to be

the most effective modality with an average of 73 % of

patients achieving PASI-75 [22, 23, 27, 48–52]. The three

trials with BB-UVB also showed a high PASI-75 (73 %)

but with a wide confidence interval (18–98) [2, 42, 43].

This was followed by NB-UVB (62 %) [19–27], then bath

PUVA (47 %) [26, 41, 48, 56]. Based on clearance rate

(Figs. 3, 5), 79 % of PUVA patients achieved clearance

[27, 36, 37, 39, 40, 48, 50, 53–55] followed by NB-UVB

(68 %) [1, 26, 27, 32–38], BB-UVB (59 %) [1, 2, 44, 45],

then bath PUVA (58 %) [34, 48]. The clearance end point

was more accurate than PASI-75. The reason is that all

results according to clearance were reported in the trials,

but PASI-75 was not reported in all the trials with the PASI

scoring. Our estimation of PASI-75 from these trials does

not reflect the real number of patients who achieved PASI-

75, but only an estimation of the number of patients that

might have achieved PASI-75 if the mean baseline PASI

and end of the study PASI follow the normal distribution

pattern. This resulted in the dilution of the real PASI-75 as

evident by the estimated PASI-75 being lower than the

reported clearance in the same study [27].

Table 8 Adverse effects and withdrawal due to adverse effects for NB-UVB trials

Trial No. of

patients

Asymptomatic

erythema (%)

Symptomatic erythema or

blistering (%)

Withdrawal due to adverse

effects (%)

Kleinpenning et al. [24] 55 NR NR 2

54 NR NR 2

Asawanonda and

Nateetongrungsak [19]

13 15 NR 7

Rim [38] 18 11 5 5

Mahajan et al. [25] 20 25 NR 10

Gordon et al. [36] 51 73 2 0

Markham et al. [37] 24 75 NR 3

Yones et al. [27] 45 22 7 6

Chauhan et al. [22] 21 NR NR NR

Kirke et al. [1] 50 86 4 6

Dayal et al. [23] 30 100 NR NR

Dawe et al. [34]a 28 75 14 7

Cameron et al. [33] 58 69 17 3

55 73 21 2

Dawe et al. [35]a 21 18 0 0

93 0 0

Behrens et al. [20]a 10 NR NR NR

Bagel [32]a 12 25 NR 0

Snellman et al. [26]a 17 NR 29 0

Brands et al. [21] 28 NR NR 0

DSLb NR 57 7.80 2

NB-UVB narrow-band UVB, NR not reported
a Within patient comparison trial
b DSL = DerSimonian-Laird method, which is considering random effect from each study
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We also assessed the efficacy of combinations of UV-

based therapeutic modalities with topical, systemic, and

biologic agents. However, the numbers of patients in each

of the combinations are generally low compared with the

number of patients treated with UV-based monotherapy.

The most effective combinations with NB-UVB were

adalimumab, alefacept, and methothrexate, with PASI-75

scores of 100 % (adalimumab) [31], 97 % (alefacept) [28,

29], and 94 % (methotrexate), [19, 25] respectively

(Table 2). Also, the combination of NB-UVB with bath

PUVA was very effective with 92 % of the patients

reaching clearance [41], but this combination resulted in

high symptomatic erythema or blistering adverse effects

(50 %). The use of psoralen with NB-UVB resulted in

84 % clearance (Fig. 3) [39, 40], a rate close to the PUVA

clearance rate (79 %). However, it should be noted that the

long-term safety of combining psoralen with NB-UVB is

not yet established, and there is a theoretical risk of

increasing the incidence of skin cancers due to the for-

mation of more than one type of DNA photoadducts [58].

The combination of calcipotriol ointment 50 lg/g with

NB-UVB showed inconsistent results. In one study, the

estimated PASI-75 was 52 % [21], whereas in another

study the clearance rate was 90 % (Table 2) [38]. One

possible explanation for the high rate of clearance in the

second study is that the mean number of exposures to NB-

UVB in this study was 43 treatments, which is more than

the other study (31 treatments).

Fifty percent of patients receiving combination of

alefacept with BB-UVB achieved PASI-75 [29], which is

not better than BB-UVB alone (73 %) [2, 42, 43]. Com-

bination of BB-UVB with calcipotriol showed the

achievement of CPASI-75 in 76 % of the patients in one

study [2]. However, the average clearance rate in three

studies was 56 % [2, 46, 47], which is similar to the

clearance rate of BB-UVB alone (59 %) (Fig. 3) [1, 2, 44,

45]. A combination of fluocinonide cream or tar oil with

BB-UVB showed a clearance rate of 54 % (fluocinonide

cream) [44] and 63 % (tar oil) [45], respectively (Table 4),

which is close to the clearance rate of BB-UVB alone

(59 %). It is possible that the combination of topical

treatments with NB-UVB or BB-UVB may have an effect

Table 9 Adverse effects and withdrawal due to adverse effects for NB-UVB/combination trials

Trial No. of

patients

Intervention Asymptomatic

erythema (%)

Symptomatic erythema or

blistering (%)

Withdrawal due to

adverse effects (%)

Bagel [32]a 12 NB-UVB ? LCD 25 NR 0

Behrens et al. [20]a 10 NB-UVB ? tazarotene NR NR NR

Rim et al. [38] 10 NB-UVB ? calcipotriol 20 NR 10

Brands et al. [21] 25 NB-UVB ? calcipotriol NR NR 8

DSLb NB-UVB 1
calcipotriol

20 NR 8

Ortonne et al. [29] 10 NBUVB ? alefacept

6 wks

19 NR 10

11 NB-UVB ? alefacept

12 wks

NR NR NR

Legat et al. [28] 14 NB-UVB ? alefacept NR NR 7

DSLb NB-UVB 1 alefacept 19 NR 8

Wolf et al. [31] 4 NB-UVB ?

adalimumab

50 0 0

Asawanonda and

Nateetongrungsak [19]

11 NB-UVB ?

methotrexate

18 NR NR

Mahajan et al. [25] 20 NB-UVB ?

methotrexate

10 NR 5

DSLb NB-UVB 1
methotrexate

12 NR 5

Ozdemir et al. [30] 30 NB-UVB ? acitretin 37 3 3

De Berker et al. [39] 50 NB-UVB ? psoralen 44 12 2

Khurshid et al. [40] 22 NB-UVB ? psoralen NR NR NR

Calzavara-Pinton [41]a 12 NB-UVB ? bath PUVA NR 50 NR

LCD liquor carbonis detergens (coal tar), NB-UVB narrow-band UVB, NR not reported, PUVA psoralen and UVA
a Within patient comparison trial
b DSL = DerSimonian-Laird method, which is considering random effects from each study
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on decreasing the number of treatments and hence, the total

cumulative dose of UVB [58]. However, our analysis was

not designed to assess this endpoint.

The combination of PUVA with acitretin showed

inconsistent results with 63 % achieving PASI-75 in one

study [30], and 94 % achieved clearance in another study

(Table 6) [55]. However, a trial combining bath PUVA

with retinoid (acitretin or etretinate) resulted in all patients

(100 %) achieving CPASI-75 and clearance (Table 7) [57].

This finding was not replicated in other studies. The

addition of retinoid to PUVA also may have a protective

effect in decreasing the long-term risk of photocarcino-

genesis associated with PUVA. The combination of topical

calcipotriol and PUVA was shown in one trial to increase

the efficacy of PUVA [52].

In this review, we found oral PUVA to be more effective

than NB-UVB in the treatment of widespread plaque pso-

riasis. We also found NB-UVB to be more effective than

BB-UVB based on clearance as an end point. This was

consistent with the conclusion of a quantitative review by

Dawe in 2003 evaluating the efficacy of NB-UVB and BB-

UVB in the treatment of psoriasis, which included 11

studies that suggested NB-UVB to be more effective than

BB-UVB [59]. Ashcroft et al. [60] conducted a systematic

review investigating the combination of topical calcipotriol

with UVB in the treatment of plaque psoriasis [60]. They

found no advantage of the combination versus UVB

monotherapy. However, they did not separate NB-UVB

from BB-UVB studies. In our review, no consistent

advantage was noted in combining topical calcipotriol

either with BB-UVB, or with NB-UVB.

Similar to calcipotriol, combining other topical treat-

ments such as tazarotene, fluocinonide, and tar oil with

UVB showed no obvious advantage over UVB alone.

On the other hand, the combination of NB-UVB with

methotrexate, or with biologics such as alefacept or ada-

limumab, was highly effective. However, because of

potential long-term adverse effects (UVB/methotrexate

Table 10 Adverse effects and withdrawal due to adverse effects for BB-UVB trials

Trial No. of

patients

Intervention Asymptomatic

erythema (%)

Symptomatic erythema or

blistering (%)

Withdrawal due to adverse

effects (%)

Ramsay et al. [2] 80 BB-UVB NR NR 5

Brockow et al. [42] 64 BB-UVB 77 4 NR

Valkova [43] 102 BB-UVB 29 0 NR

Dover et al. [44] 29 BB-UVB NR NR NR

Menkes et al. [45] 19 BB-UVB NR NR NR

Kirke et al. [1] 50 BB-UVB 84 6 4

DSLb BB-UVB 64 2 4.60

Menkes et al. [45] 30 BB-UVB ? tar oil NR NR NR

Dover et al. [44] 24 BB-UVB ?

fluocinonide

NR NR NR

Valkova [43] 91 BB-UVB ? bergamot

oil

44 24 NR

Brockow et al. [42] 79 BB-UVB ? saline

bath

85 4 2

Kragballe [46]a 20 BB-UVB ?

calcipotriol

NR NR 0

Ramsay et al. [2] 84 BB-UVB ?

calcipotriol

NR NR 1

Molin et al. [47]

series Aa
98 BB-UVB ?

calcipotriol

17 5 4

DSLb BB-UVB 1
calcipotriol

17 5 2

Ortonne et al. [29] 9 BB-UVB ? alefacept

6 wks

79 NR 11

10 BB-UVB ? alefacept

12 wks

NR NR 10

DSL BB-UVB 1 alefacept 79 NR 10.50

BB-UVB broad-band UVB, NR not reported
a Within patient comparison trial
b DSL = DerSimonian-Laird method, which is considering random effect from each study

104 F. Almutawa et al.



combination) and cost (biologics), these combinations

should be reserved for patients not responding to photo-

therapy alone.

The combination of topical calcipotriol with PUVA, and

oral retinoid (acitretin and etretinate) with bath PUVA,

greatly increased the efficacy over monotherapy, based on

two studies with a limited number of patients.

Although PUVA was shown to be more effective than

NB-UVB, in clinical practice, NB-UVB is currently the

first-line UV-based therapy for psoriasis. This is because

NB-UVB is not associated with systemic adverse effects

such nausea and vomiting, it does not require eye protec-

tion on the days of treatment, and thus far, has not been

shown to have carcinogenic potential. However, PUVA

Table 11 Adverse effects and withdrawal due to adverse effects for PUVA trials

Trial No. of

patients

Intervention Asymptomatic

erythema (%)

Nausea/

vomiting (%)

Symptomatic erythema or

blistering (%)

Withdrawal due to

adverse effects (%)

El-Mofty et al.

[49]

10 PUVA NR NR NR NR

10 PUVA NR NR NR NR

Gordon et al.

[36]

51 PUVA 35 4 12 4

Markham et al.

[37]

25 PUVA 80 NR NR 8

Yones et al.

[27]

43 PUVA 49 NR 14 4

Chauhan et al.

[22]

21 PUVA NR 27 NR NR

Dayal et al.

[23]

30 PUVA 70 75 NR NR

De Berker

et al. [39]

50 PUVA NR NR 20 NR

Khurshid et al.

[40]

22 PUVA 4.5 18 NR NR

Kirby et al.

[54]

40 PUVA 52.5 NR NR 2.5

40 PUVA 45 NR NR 25

Lauharanta

et al. [50]

20 PUVA 60 NR NR 0

Saurat et al.

[55]

22 PUVA NR NR NR 6

Collins et al.

[53]a
37 PUVA 54 24 9 3

PUVA 12 24 NR NR

Sivanesan

et al. [51]

30 PUVA 60 63.3 36.7 20

Torras et al.

[52]

60 PUVA NR NR NR 3

Collins and

Rogers [48]

22 PUVA 31.8 40.9 NR 9

DSLb PUVA 45 33 17 5

Torras et al.

[52]

60 PUVA ? calcipotriol 3.3 NR NR 3

Lauharanta

et al. [50]

20 PUVA (preceded by

etretinate)

70 NR NR 0

20 PUVA ? etretinate 40 NR NR 0

Saurat et al.

[55]

20 PUVA ? acitretin NR NR NR 6

23 PUVA ? etretinate NR NR NR 6

Ozdemir et al.

[30]

30 PUVA ? acitretin 28 76 NR 6

NR not reported, PUVA psoralen and UVA
a Within patient comparison trial
b DSL = DerSimonian-Laird method, which is considering random effect from each study
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clearly is an excellent option in patients who are not

responsive to NB-UVB.

Based on the results of studies that evaluate different

protocols for NB-UVB [24, 33, 35], we found a frequency

of three times per week with 20 % increments is the most

reasonable protocol. However, these studies were per-

formed on Caucasian patients with mainly skin phototypes

I, II, and III. It should be noted that a protocol that is

effective for light-skinned patients is not necessary effec-

tive for dark-skinned patients. This was confirmed by

Yones et al. [27], who showed a large difference in the

clearance rate between light-skinned patients (74–75 %)

versus dark-skinned patients (24 %) using the same pro-

tocol [27]. Future studies are needed to evaluate the opti-

mal treatment protocol in dark-skinned patients.

Based on bath PUVA studies, 8-MOP might be more

effective than trimethylpsoralen, and the highest efficacy

was seen with 3.78 or 5 mg/L concentrations of 8-MOP

[48, 56].

The most commonly reported adverse effects were

erythema, blistering, and in PUVA studies only, nausea/

vomiting. Erythema is usually dose dependent and can be

controlled by the phototherapist or the physician. Symp-

tomatic erythema or blistering was higher in bath PUVA

and PUVA trials than in BB and NB-UVB studies. The

combination of bath PUVA with NB-UVB greatly increa-

ses the risk of symptomatic erythema or blistering.

Despite high percentages of asymptomatic erythema,

symptomatic erythema, or blistering, and nausea/vomiting

(PUVA only) in the included trials, the percentage of

withdrawals due to adverse effects was in general low,

which suggests the mild nature of these reactions. The

highest withdrawal rate was 5 % in PUVA studies [27, 36,

37, 48, 51–55], followed by BB-UVB (4.6 %) [1, 2], NB-

UVB (2 %) [1, 19, 21, 24–27, 32–38], and then bath PUVA

(0.7 %) (Table 13) [26, 34, 41, 48, 56].

There are limitations to this review. Many trials with

PASI scores failed to report the PASI-75; therefore, we had

to calculate the estimated PASI-75 assuming normal dis-

tribution of PASI changes. This results in dilution of the

real PASI-75 percentage, hence underreporting of the

percentage of patients achieving PASI-75. Another

Table 12 Adverse effects and withdrawal due to adverse effects for bath PUVA trials

Trial No. of

patients

Intervention Asymptomatic

erythema (%)

Symptomatic erythema or

blistering (%)

Withdrawal due to adverse

effects (%)

Snellman et al. [26]a 18 Bath PUVA NR NR 0

Calzavara-Pinton [41]a 12 Bath PUVA NR 42 0

Vongthongsri et al. [56]a 20 Bath PUVA NR 20 0

21 Bath PUVA NR 19 NR

Dawe et al. [34]a 28 Bath PUVA 57 14 3

Collins and Rogers [48] 22 Bath PUVA 13.6 NR 4.5

DSLb Bath PUVA 34 21 0.7

Lauharanta and Geiger [57] 17 Bath PUVA ?

acitretin

NR NR 0

17 Bath PUVA ?

etretinate

NR NR 0

NR not reported, PUVA psoralen and UVA
a Within patient comparison trial
b DSL = DerSimonian-Laird method, which is considering random effect from each study

Table 13 Summaries of the mean efficacy, adverse effect, and withdrawal results from the monotherapy trials evaluating NB-UVB, BB-UVB,

PUVA, and bath PUVA. Values shown are percentage of patients (95 % CI)

Treatment Patients achieving PASI-75

or above

Patients achieving

clearance

Asymptomatic

erythema

Symptomatic erythema or

blistering

Withdrawal due to

adverse effects

NB-UVB 62 (45–79) 68 (57–78) 57 (39–74) 7.8 (3.1–14) 2 (0.8–3.8)

BB-UVB 73 (18–98) 59 (44–72) 64 (26–94) 2 (0.6–8) 4.6 (1.4–9)

PUVA 73 (56–88) 79 (69–88) 45 (32–58) 17 (10–26) 5 (3–8)

Bath

PUVA

47 (30–65) 58 (44–72) 34 (2–78) 21 (11–31) 0.7 (0–4)

BB-UVB broad-band UVB, NB-UVB narrow-band UVB, PASI Psoriasis Area and Severity Index, PUVA psoralen and UVA
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limitation is the fact that there is no consistent definition of

clearance used in the various studies. In order to minimize

the lack of clarity on the definition of clearance, we

included only studies in which the authors stated that

patients had C90 % improvement, had complete clearance,

or had complete clearance with minimal residual activity.

Another limitation is that the conclusions obtained on the

efficacy of combination treatments were usually the result

of just a few trials, and sometimes only a single trial. As a

result, the data on monotherapy are much more robust than

the data on combination therapy. This review does not

intend to directly compare the efficacy and safety among

different therapies, and the DerSimonian and Laird pooled

proportion of efficacy/safety was reported for each therapy

separately [61]. All trials were treated independently to

estimate the pooled effect size, although a few of them

were paired (dependent) within a trial. Those indirect

comparisons among therapies only report the difference

without statistical assessment, and they could be consid-

ered as a direction for our future research, such as using a

complex mixed model to assess the efficacy/safety among

all therapies directly by controlling other confounders.

We would suggest that for future studies on UV-based

therapy for chronic plaque psoriasis, the PASI scoring

system needs to be used, and PASI-75 scores need to be

reported. The use of clearance, even though it is the ulti-

mate goal clinically, should be avoided. This is because

there is no consistent definition of clearance; in fact, it is

rarely used in other studies that evaluate the efficacy of

non-UV treatments in psoriasis, which creates difficulty in

comparing the efficacy of UV treatments with other treat-

ments of psoriasis. The use of a clearly described protocol

with regard to starting dose, increments, maximum dose,

and the number of treatments needed to achieve the end-

points is essential in UV-based therapy studies. We would

also suggest the separation of guttate psoriasis from

chronic plaque psoriasis, because the self-limiting property

of guttate psoriasis might overestimate the efficacy value.

A measure of compliance also needs to be incorporated in

UV-based therapy studies since this can greatly affect the

efficacy; it should be noted that compliance is rarely

reported in UV-based therapy studies.

6 Conclusion

We performed a systematic review and meta-analysis on

UV-based therapy in the treatment of adults with moderate

to severe plaque psoriasis. Our results, based on clearance

outcome, suggest PUVA to be more effective than NB-

UVB, followed by BB-UVB, and bath PUVA. Based on

PASI-75, the results were similar except for BB-UVB,

which showed a high mean PASI-75 (73 %) with a wide CI

(18–98). This is due to the heterogeneity of the three

available studies that investigated BB-UVB using the PASI

score. Few trials with limited numbers of patients evaluated

the combination of phototherapy with topical and systemic,

including biologic, treatments. The combination of meth-

otrexate or biologics with NB-UVB, topical calcipotriol

with PUVA, and oral retinoid with bath PUVA were shown

to be highly effective. Due to the limited head-to-head

studies comparing biologics with phototherapy, further

studies would be very helpful to all. It will help physicians,

patients, and policy makers in making decisions regarding

different available treatments for moderate to severe

psoriasis.

Acknowledgments We would like to thank Ms. Nandita S. Mani

for her help in the literature search and editing of the manuscript. No

sources of funding were used to prepare this manuscript. The authors

have no conflicts of interest that are directly relevant to the content of

this article.

References

1. Kirke SM, Lowder S, Lloyd JJ, et al. A randomized comparison

of selective broadband UVB and narrowband UVB in the treat-

ment of psoriasis. J Investig Dermatol. 2007;127:1641–6.

2. Ramsay CA, Schwartz BE, Lowson D, et al. Calcipotriol cream

combined with twice weekly broad-band UVB phototherapy: a

safe, effective and UVB-sparing antipsoriatric combination

treatment. The Canadian Calcipotriol and UVB Study Group.

Dermatology. 2000;200:17–24.

3. Kurd SK, Gelfand JM. The prevalence of previously diagnosed

and undiagnosed psoriasis in US adults: results from NHANES

2003–2004. J Am Acad Dermatol. 2009;60:218–24.

4. Rapp SR, Feldman SR, Exum ML, et al. Psoriasis causes as much

disability as other major medical diseases. J Am Acad Dermatol.

1999;41:401–7.

5. Love TJ, Qureshi AA, Karlson EW, et al. Prevalence of the

metabolic syndrome in psoriasis: results from the National Health

and Nutrition Examination Survey, 2003–2006. Arch Dermatol.

2011;147:419–24.

6. Langan SM, Seminara NM, Shin DB, et al. Prevalence of metabolic

syndrome in patients with psoriasis: a population-based study in the

United kingdom. J Invest Dermatol. 2012;132:556–62.

7. Griffiths CE, Christophers E, Barker JN, et al. A classification of

psoriasis vulgaris according to phenotype. Br J Dermatol.

2007;156:258–62.

8. Menter A, Korman NJ, Elmets CA, et al. Guidelines of care for the

management of psoriasis and psoriatic arthritis: Sect. 5. Guide-

lines of care for the treatment of psoriasis with phototherapy and

photochemotherapy. J Am Acad Dermatol. 2010;62:114–35.

9. Leon A, Nguyen A, Letsinger J, et al. An attempt to formulate an

evidence-based strategy in the management of moderate-to-severe

psoriasis: a review of the efficacy and safety of biologics and

prebiologic options. Expert Opin Pharmacother. 2007;8:617–32.

10. Puzenat E, Bronsard V, Prey S, et al. What are the best outcome

measures for assessing plaque psoriasis severity? A systematic

review of the literature. J Eur Acad Dermatol Venereol.

2010;24(Suppl. 2):10–6.

11. Bansback N, Sizto S, Sun H, et al. Efficacy of systemic treat-

ments for moderate to severe plaque psoriasis: systematic review

and meta-analysis. Dermatology. 2009;219:209–18.

UV-Based Therapy for Psoriasis 107



12. Blasco AJ, Lazaro P, Ferrandiz C, et al. Efficiency of biologic

agents in the treatment of moderate to severe psoriasis [in

Spanish]. Actas Dermosifiliogr. 2009;100:792–803.

13. Schmitt J, Zhang Z, Wozel G, et al. Efficacy and tolerability of

biologic and nonbiologic systemic treatments for moderate-to-

severe psoriasis: meta-analysis of randomized controlled trials.

Br J Dermatol. 2008;159:513–26.

14. Zhang Z, Schmitt J, Wozel G, et al. Treatment of plaque psoriasis

with biologics. a meta-analysis of randomized controlled trials (in

German). Med Klin (Munich). 2009;104:125–36.

15. Fredriksson T, Pettersson U. Severe psoriasis: oral therapy with a

new retinoid. Dermatologica. 1978;157:238–44.

16. Jadad AR, Moore RA, Carroll D, et al. Assessing the quality of

reports of randomized clinical trials: is blinding necessary?

Control Clin Trials. 1996;17:1–12.

17. Stuart A, Ord K. Kendall’s advanced theory of statistics. 6th ed.

London: Edward Arnold; 1994.

18. Miller J. The inverse of the Freemen-Tukey double arcsine

transformation. Am Stat. 1978;32:138.

19. Asawanonda P, Nateetongrungsak Y. Methotrexate plus nar-

rowband UVB phototherapy versus narrowband UVB photo-

therapy alone in the treatment of plaque-type psoriasis: a

randomized, placebo-controlled study. J Am Acad Dermatol.

2006;54:1013–8.

20. Behrens S, Grundmann-Kollmann M, Schiener R, et al. Combi-

nation phototherapy of psoriasis with narrow-band UVB irradi-

ation and topical tazarotene gel. J Am Acad Dermatol.

2000;42:493–5.

21. Brands S, Brakman M, Bos JD, et al. No additional effect of

calcipotriol ointment on low-dose narrow-band UVB photother-

apy in psoriasis. J Am Acad Dermatol. 1999;41:991–5.

22. Chauhan PS, Kaur I, Dogra S, et al. Narrowband ultraviolet B

versus psoralen plus ultraviolet A therapy for severe plaque

psoriasis: an Indian perspective. Clin Exp Dermatol.

2011;36:169–73.

23. Dayal S, Mayanka, Jain V. Comparative evaluation of NBUVB

phototherapy and PUVA photochemotherapy in chronic plaque

psoriasis. Indian J Dermatol Venereol Leprol. 2010;76:533–7.

24. Kleinpenning MM, Smits T, Boezeman J, et al. Narrowband

ultraviolet B therapy in psoriasis: randomized double-blind

comparison of high-dose and low-dose irradiation regimens. Br J

Dermatol. 2009;161:1351–6.

25. Mahajan R, Kaur I, Kanwar AJ. Methotrexate/narrowband UVB

phototherapy combination vs. narrowband UVB phototherapy in

the treatment of chronic plaque-type psoriasis: a randomized

single-blinded placebo-controlled study. J Eur Acad Dermatol

Venereol. 2010;24:595–600.

26. Snellman E, Klimenko T, Rantanen T. Randomized half-side

comparison of narrowband UVB and trimethylpsoralen bath plus

UVA treatments for psoriasis. Acta Derm Venereol. 2004;84:

132–7.

27. Yones SS, Palmer RA, Garibaldinos TT, et al. Randomized

double-blind trial of the treatment of chronic plaque psoriasis:

efficacy of psoralen-UV-A therapy vs narrowband UV-B therapy.

Arch Dermatol. 2006;142:836–42.

28. Legat FJ, Hofer A, Wackernagel A, Salmhofer W, Quehenberger

F, Kerl H, et al. Narrowband UV-B phototherapy, alefacept, and

clearance of psoriasis. Arch Dermatol. 2007;143:1016–22.

29. Ortonne JP, Khemis A, Koo JY, et al. An open-label study of

alefacept plus ultraviolet B light as combination therapy for

chronic plaque psoriasis. J Eur Acad Dermatol Venereol.

2005;19:556–63.

30. Ozdemir M, Engin B, Baysal I, et al. A randomized comparison

of acitretin-narrow-band TL-01 phototherapy and acitretin-psor-

alen plus ultraviolet A for psoriasis. Acta Derm Venereol.

2008;88:589–93.

31. Wolf P, Hofer A, Weger W, et al. 311 nm ultraviolet B-acceler-

ated response of psoriatic lesions in adalimumab-treated patients.

Photodermatol Photoimmunol Photomed. 2011;27:186–9.

32. Bagel J. LCD plus NB-UVB reduces time to improvement of

psoriasis vs. NB-UVB alone. J Drugs Dermatol. 2009;8:351–7.

33. Cameron H, Dawe RS, Yule S, et al. A randomized, observer-

blinded trial of twice vs. three times weekly narrowband ultra-

violet B phototherapy for chronic plaque psoriasis. Br J Dermatol.

2002;147:973–8.

34. Dawe RS, Cameron H, Yule S, et al. A randomized controlled trial of

narrowband ultraviolet B vs bath-psoralen plus ultraviolet A pho-

tochemotherapy for psoriasis. Br J Dermatol. 2003;148:1194–204.

35. Dawe RS, Wainwright NJ, Cameron H, et al. Narrow-band (TL-01)

ultraviolet B phototherapy for chronic plaque psoriasis: three times

or five times weekly treatment? Br J Dermatol. 1998;138:833–9.

36. Gordon PM, Diffey BL, Matthews JN, et al. A randomized com-

parison of narrow-band TL-01 phototherapy and PUVA photoche-

motherapy for psoriasis. J Am Acad Dermatol. 1999;41:728–32.

37. Markham T, Rogers S, Collins P. Narrowband UV-B (TL-01)

phototherapy vs oral 8-methoxypsoralen psoralen-UV-A for the

treatment of chronic plaque psoriasis. Arch Dermatol. 2003;139:

325–8.

38. Rim JH, Choe YB, Youn JI. Positive effect of using calcipotriol

ointment with narrow-band ultraviolet B phototherapy in psoriatic

patients. Photodermatol Photoimmunol Photomed. 2002;18:131–4.

39. de Berker DA, Sakuntabhai A, Diffey BL, et al. Comparison of

psoralen-UVB and psoralen-UVA photochemotherapy in the

treatment of psoriasis. J Am Acad Dermatol. 1997;36:577–81.

40. Khurshid K, Haroon TS, Hussain I. Psoralen-ultraviolet A ther-

apy vs. psoralen-ultraviolet B therapy in the treatment of plaque-

type psoriasis: our experience with Fitzpatrick skin type IV. Int J

Dermatol. 2000;39:865–7.

41. Calzavara-Pinton P. Narrow band UVB (311 nm) phototherapy

and PUVA photochemotherapy: a combination. J Am Acad

Dermatol. 1998;38:687–90.

42. Brockow T, Schiener R, Franke A, et al. A pragmatic randomized

controlled trial on the effectiveness of low concentrated saline

spa water baths followed by ultraviolet B (UVB) compared to

UVB only in moderate to severe psoriasis. J Eur Acad Dermatol

Venereol. 2007;21:1027–37.

43. Valkova S. UVB phototherapeutic modalities: comparison of two

treatments for chronic plaque psoriasis. Acta Dermatovenerol Alp

Panonica Adriat. 2007;16:26–30.

44. Dover JS, McEvoy MT, Rosen CF, et al. Are topical corticoste-

roids useful in phototherapy for psoriasis? J Am Acad Dermatol.

1989;20:748–54.

45. Menkes A, Stern RS, Arndt KA. Psoriasis treatment with su-

berythemogenic ultraviolet B radiation and a coal tar extract.

J Am Acad Dermatol. 1985;12:21–5.

46. Kragballe K. Combination of topical calcipotriol (MC 903) and

UVB radiation for psoriasis vulgaris. Dermatologica. 1990;181:

211–4.

47. Molin L, Liberton H, Van Weelden H, et al. Topical calcipotriol

combined with phototherapy for psoriasis: the results of two

randomized trials and a review of the literature. Dermatology.

1999;198:375–81.

48. Collins P, Rogers S. Bath-water compared with oral delivery of

8-methoxypsoralen PUVA therapy for chronic plaque psoriasis.

Br J Dermatol. 1992;127:392–5.

49. El-Mofty M, El Weshahy H, Youssef R, et al. A comparative

study of different treatment frequencies of psoralen and ultravi-

olet A in psoriatic patients with darker skin types (randomized-

controlled study). Photodermatol Photoimmunol Photomed.

2008;24:38–42.

50. Lauharanta J, Juvakoski T, Lassus A. A clinical evaluation of the

effects of an aromatic retinoid (Tigason), combination of retinoid

108 F. Almutawa et al.



and PUVA, and PUVA alone in severe psoriasis. Br J Dermatol.

1981;104:325–32.

51. Sivanesan SP, Gattu S, Hong J, et al. Randomized, double-blind,

placebo-controlled evaluation of the efficacy of oral psoralen plus

ultraviolet A for the treatment of plaque-type psoriasis using the

Psoriasis Area Severity Index score (improvement of 75% or

greater) at 12 weeks. J Am Acad Dermatol. 2009;61:793–8.

52. Torras H, Aliaga A, Lopez-Estebaranz JL, et al. A combination

therapy of calcipotriol cream and PUVA reduces the UVA dose

and improves the response of psoriasis vulgaris. J Dermatolog

Treat. 2004;15:98–103.

53. Collins P, Wainwright NJ, Amorim I, et al. 8-MOP PUVA for

psoriasis: a comparison of a minimal phototoxic dose-based reg-

imen with a skin-type approach. Br J Dermatol. 1996;135:248–54.

54. Kirby B, Buckley DA, Rogers S. Large increments in psoralen-

ultraviolet A (PUVA) therapy are unsuitable for fair-skinned

individuals with psoriasis. Br J Dermatol. 1999;140:661–6.

55. Saurat JH, Geiger JM, Amblard P, et al. Randomized double-

blind multicenter study comparing acitretin-PUVA, etretinate-

PUVA and placebo-PUVA in the treatment of severe psoriasis.

Dermatologica. 1988;177:218–24.

56. Vongthongsri R, Konschitzky R, Seeber A, et al. Randomized,

double-blind comparison of 1 versus 5 mg/L methoxsalen bath-

PUVA therapy for chronic plaque-type psoriasis. J Am Acad

Dermatol. 2006;55:627–31.

57. Lauharanta J, Geiger JM. A double-blind comparison of acitretin

and etretinate in combination with bath PUVA in the treatment of

extensive psoriasis. Br J Dermatol. 1989;121:107–12.

58. Ibbotson SH, Bilsland D, Cox NH, et al. An update and guidance on

narrowband ultraviolet B phototherapy: a British Photodermatol-

ogy Group Workshop Report. Br J Dermatol. 2004;151:283–97.

59. Dawe RS. A quantitative review of studies comparing the effi-

cacy of narrow-band and broad-band ultraviolet B for psoriasis.

Br J Dermatol. 2003;149:669–72.

60. Ashcroft DM, Li Wan Po A, Williams HC, et al. Combination

regimens of topical calcipotriene in chronic plaque psoriasis:

systematic review of efficacy and tolerability. Arch Dermatol.

2000;136:1536–43.

61. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control

Clin Trials. 1986;7:177–87.

UV-Based Therapy for Psoriasis 109



Copyright of American Journal of Clinical Dermatology is the property of ADIS International Limited and its

content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.


