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Summary

Background Few studies have directly compared the clinical efficacy of psoralen plus
ultraviolet A (PUVA) vs. biologics in the treatment of psoriasis.

Objectives To compare the clinical efficacy of PUVA and biologic therapies for pso-
riasis under daily life conditions.

Methods Data from a psoriasis registry (http://www.psoriasis-therapieregister.at)
of 172 adult patients with moderate to severe chronic plaque psoriasis treated
between 2003 and 2010 were analysed retrospectively. These patients had
received oral PUVA [118 treatment courses including 5-methoxypsoralen
(5-MOP; n = 32) and 8-methoxypsoralen (8-MOP; n = 86)] and/or biologic
agents [130 treatment courses including adalimumab (n = 18), alefacept
(n = 32), efalizumab (n = 17), etanercept (n = 38), infliximab (n=7) and
ustekinumab (n = 18)]. Treatment responses were analysed in terms of Psoriasis
Area and Severity Index (PASI) improvement, including complete remission (CR)
and reduction of PASI by at least 90% (PASI 90) or 75% (PASI 75), at treatment
completion for PUVA (median time 10-3 and 9-2 weeks, for 8-MOP and 5-MOP,
respectively) and at week 12 for biologics.

Results Intention-to-treat—as observed CR, PASI 90 and PASI 75 rate was 22%,
69% and 86% for PUVA compared with 6%, 22% and 56% for adalimumab
(P = 0:0034 by adapted Wilcoxon test), 3%, 3% and 25% for alefacept
(P =0-000000002), 6%, 6% and 59% for efalizumab (P = 0-000053), 6%, 29%
and 39% for etanercept (P = 0:0000086), 29%, 71% and 100% for infliximab
(P = 0-36) and 6%, 39% and 67% for ustekinumab (P = 0-:028). When applying
a more conservative post-hoc modified worst-case scenario analysis, with CR of
15%, PASI 90 of 58% and PASI 75 of 69%, PUVA was superior only to alefacept
(P = 0:000013), efalizumab (P = 0-015) and etanercept (P = 0:0037). There
were no statistically significant differences in PASI reduction rates between PUVA
and infliximab.

Conclusions Retrospective analysis of registry data revealed that the primary efficacy
of PUVA was superior to that of certain biologics. Prospective head-to-head
studies of PUVA and biologics are warranted to confirm these observations.

Psoralen plus ultraviolet (UV) A (PUVA) photochemotherapy
is a long-standing, widely used, and very effective systemic
therapy for psoriasis.' Yet, the mechanism by which PUVA
normalizes psoriatic skin remains poorly understood. Psoralen
is known to intercalate between nucleic acids and to induce,
upon exposure to UVA radiation, the formation of psoralen-
pyrimidine adducts that inhibit DNA synthesis and epidermal
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proliferation.” PUVA is known to have profound biologic-like
immunomodulating activity (e.g. the ability to reduce the
number and activation of T cells).”* PUVA is also known to
reduce the expression of cytokines and chemokines such as
interleukin (IL)-22, IL-17, IL-23, IL-8 and tumour necrosis
factor-o, and growth factors such as vascular endothelial
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growth factor and intracellular adhesion molecule-1.7> Very
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recently, we demonstrated in a psoriasis disease model that
PUVA can induce IL-10-positive regulatory T cells while
simultaneously inhibiting the Th17 helper pathway,®’ altera-
tions that may be responsible for the fast and long-lasting
reduction of inflammatory and hyperproliferative skin changes
in psoriasis observed after PUVA treatment. Meanwhile, better
understanding of the immunological basis of psoriasis has led
in recent years to the development and introduction of bio-
logic agents that target key steps in the pathogenesis of psori-
atic disease and consequently to expansion of the psoriatic

8722 Nevertheless, clear differences in treat-

armamentarium.
ment response have been observed: a single course of antipso-
riatic PUVA therapy is often followed by a disease-free
interval lasting months, whereas antipsoriatic therapy with
other systemic agents (including biologics) is often followed
by quick recurrence.

Up to now, few studies have directly compared the clinical
efficacy of PUVA vs. other systemic agents (e.g. biologics) in
the treatment of psoriasis. We therefore retrospectively analy-
sed all available primary efficacy data for patients treated with
various biologics and/or oral PUVA at our institution over a
7-year period since the introduction of biological agents for
the treatment of moderate to severe plaque psoriasis.

Patients and methods

Study design

This was an observational retrospective cohort study of clinical
data extracted from the Psoriasis Registry, Graz (http://
www.psoriasis-therapieregister.at). The study was approved by
the local ethics committee of the Medical University of Graz
(application number 21-094 ex 09/10) and was conducted in
accordance with the principles of the Declaration of Helsinki.

Study setting

The data analysed in this study were collected at the Depart-
ment of Dermatology, Medical University of Graz, from
patients with psoriasis treated regularly with PUVA vs. biolo-
gics under daily life conditions outside of clinical trials
between January 2003 and February 2010.

Study population

A total of 172 patients (61 women and 111 men) met the cri-
teria for inclusion in the registry and analysis (i.e. = 18 years
of age with chronic plaque psoriasis that had been treated
with oral PUVA and/or at least one course of a biologic
agent). According to guidelines of the Austrian Society of Der-
matovenereology and the prerequisites of the Reimbursement
Code of the Main Association of the Austrian Social Security
Institutions, treatment with a biologic agent is indicated if a
patient has moderate to severe chronic plaque psoriasis
[defined as = 10% body surface area involvement or Psoriasis
Area and Severity Index (PASI) > 10] and has failed is unable
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to tolerate, or has a contraindication to, conventional systemic
therapies such as ciclosporin, methotrexate or PUVA.

Efficacy assessment and data analysis

The endpoints of the study were complete clearance (CR) or
reduction of the PASI by at least 90% (PASI 90), 75% (PASI
75) or 50% (PASI 50) in oral PUVA-treated patients at end of
treatment or biologic-treated patients at week 12 of biologic
therapy. The Psoriasis Registry, Graz contains data on PASI and
specific PASI reduction categories (i.e. CR, PASI 90, PASI 75
and PASI 50) at defined time points (i.e. at the end of PUVA
therapy, after 12 weeks of biologic therapy, and thereafter at
regular intervals) for all patients treated at the Department of
Dermatology. For this retrospective study, data on patient
characteristics and clinical PASI reduction categories were
extracted from the electronic databank of the Psoriasis Regis-
try, Graz. The percentages of patients achieving specific PASI
reductions at the end of PUVA therapy or at week 12 of treat-
ment with specific biologic agents were determined.

Statistical analysis

Treatment efficacy in patients was compared according to a
score for PASI reduction: 1 for CR, 2 for 90% to < 100%, 3
for 75% to < 90% and 4 for < 75% reduction. Each biologic
was compared with PUVA using the exact Wilcoxon test on
that score. As there were patients who underwent more than
one treatment cycle, scores from individual treatments were
not independent and the test had to be adapted.”® R 2.12.1
and the package coin were used for calculations (http://
WWW.I-project.org).

Results

Patient characteristics

The flow charts in Figure 1 show the number of patients and
the number of treatment courses available for retrospective
analysis. A total of 194 patients was assessed for eligibility.
After exclusion of 22 patients with missing response data,
there remained for statistical analysis a total of 172 patients
who underwent a total of 248 treatment courses. Of those
patients, 64 had received oral PUVA, 96 had received a bio-
logical agent, and 12 had received both oral PUVA and a bio-
logical agent for a minimum duration of 3 months (Fig. 1).
All patients analysed in this study had received standard PUVA
[most often after testing for individual minimal phototoxicity
dose (MPD)] two to four times per week and/or standard bio-
logic therapy.

At the start of a treatment course, the mean * SD age of
patients treated with PUVA or a biologic was 485 * 15-7 and
46:2 £ 11-8 years; the mean + SD duration of disease was
234 £ 11'9 and 229 £ 105 years; and the mean * SD PASI
was 150 = 4:0 and 169 * 7-3, respectively. The determination

of outcome in patients who received systemic monotherapy
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Fig 1. Flow charts showing numbers of (a) patients and (b) treatment courses. PUVA, psoralen plus ultraviolet A; MOP, methoxypsoralen.

(either PUVA or biologic) was the primary objective of this
study. Fifteen patients who had been treated with oral
8-methoxypsoralen (8-MOP) + UVA and 10 patients who had
been treated with oral S5-methoxypsoralen (5-MOP) + UVA
had also received concomitant oral acitretin treatment.”*
Therefore, these patients were included in the final analysis;
however, in keeping with the primary objective of the study,
the outcome for these patients was set in an intention-to-
treat—worst-case scenario analysis as PUVA monotherapy fail-
ure (i.e. PASI < 50).

Efficacy

Clinical efficacy was assessed for PUVA at the end of treatment
(a median of 10-3 and 9-2 weeks for 8-MOP and 5-MOP,

respectively) and for biologics after 12 weeks of treatment.
The total number of treatment courses and the percentages of
those treatment courses that resulted in CR, PASI 90, PASI 75
and PASI 50 are analysed in Table 1. Because 8-MOP and
5-MOP had
difference), the data for patients so treated were pooled for

similar clinical efficacy (without statistical
comparisons of PUVA vs. biologic therapies. The results of the
analysis are presented in Table 1. For PUVA treatment courses,
the intention-to-treat—as observed rates (including the
response in 25 patients treated with concomitant oral acitre-
tin) of CR, PASI 90 and PASI 75 were 22%, 69% and 86%.
These PUVA rates were statistically superior to those of alefa-
cept, efalizumab, adalimumab, etanercept and ustekinumab
(Table 1). Similar or even higher statistical significances were

received in the per-protocol analysis comparing PUVA vs. each
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Table 1 Psoriasis Area and Severity Index (PASI) reduction in psoralen plus ultraviolet (UV) A (PUVA) vs. biologic treatment courses

Number (%) of patients with category of PASI reduction

Total number of

Treatment treatment courses CR* PASI 90* PAST 75% PASI 50° P-value”

Oral 8-MOP + UVA
ITT—as observed® 86 20 (23) 59 (69) 77 (90) 79 (92) =
ITT-worst case’ 86 15 (17) 50 (58) 63 (73) 65 (76) =
Per-protocol® 71 15 (21) 50 (70) 63 (89) 65 (92) =

Oral 5-MOP + UVA
ITT—as observed® 32 6 (19) 23 (72) 24 (75) 26 (81) =
ITT—worst case 32 3 (9) 19 (59) 19 (59) 19 (59) =
Per-protocol® 22 3 (14) 19 (86) 19 (86) 19 (86) -

Total PUVA
ITT-as observed 118 26 (22) 82 (69) 101 (86) 105 (89) =
ITT—worst case® 118 18 (15) 69 (58) 82 (69) 84 (71) =
Per-protocol® 93 18 (19) 69 (74) 82 (88) 84 (90) -

Biologics®
Adalimumab 18 1 (6) 4 (22) 10 (56) 13 (72) 0:0034
Alefacept 32 1(3) 1(3) 8 (25) 20 (63) 0:000000002
Efalizumab 17 1 (6) 1 (6) 10 (59) 13 (76) 0:000053
Etanercept 38 2 (6) 11 (29) 15 (39) 32 (84) 0:0000086
Infliximab 7 2 (29) 5 (71) 7 (100) 7 (100) 036
Ustekinumab 18 1 (6) 7 (39) 12 (67) 16 (89) 0028
All biologics 130 NA NA NA NA NA

CR, complete remission; PASI 90, PASI 75 or PASI 50, reduction of PASI by at least 90%, 75% or 50%, respectively, from start of treatment;

MOP, methoxypsoralen; ITT, intention-to-treat; NA, not appropriate.

*At week 12 for biologics and at treatment completion for PUVA.

PP_values refer to the exact Wilcoxon test and compare the ITT—as observed rates of the most relevant PASI reduction categories (i.e. CR,
PASI 90 and PASI 75) taken together and observed after treatment with each biologic vs. PUVA. “ITT—as observed: ITT analysis was done
with data as observed, including the actual PASI reduction response from 25 patients receiving concomitant oral acitretin. ITT-worst case:

ITT analysis with worst-case scenario by setting the response of patients receiving concomitant oral acitretin as PUVA monotherapy failure

(i-e. PASI < 50), irrespective of the actual PASI reduction. “Per-protocol: per-protocol analysis of patients treated with PUVA, excluding all

patients receiving concomitant oral acitretin.

biologic (P-values not shown). When applying a more conser-
vative post-hoc modified worst-case scenario analysis, with CR
of 15%, PASI 90 of 58% and PASI 75 of 69%, PUVA was
superior only to alefacept (P = 0:000013), efalizumab
(P =0'015) and etanercept (P = 0-0037) (Fig. 2). The PASI
< 50% reduction intention-to-treat—worst-case scenario rate
(PASI < 50) of 29% (34/118) included the outcome for the
25 patients (21%) who had been treated with concomitant
oral acitretin set as PUVA monotherapy failure, irrespective of
actual PASI reduction category. There were no statistically sig-
nificant differences in PASI reduction rates between PUVA and
infliximab and there was no statistically significant difference
in PASI 50 rates between PUVA and any biologic therapy.

Discussion

Safe, effective therapies for chronic plaque psoriasis are sorely
needed. Antipsoriatic biologic therapies have been shown to
be clinically efficacious in numerous double-blinded, placebo-

controlled trials.®**

PUVA therapy has been shown to be very
effective in large multicentre studies in PUVA-treated patients,
one from Europe (n = 3175) and one from the U.S.A.

(n=1308).”>?® In both PUVA studies, at least 88% of
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patients experienced psoriatic skin clearing. Only one random-
ized placebo-controlled interindividual trial has demonstrated
the efficacy of PUVA therapy using PASI scoring. In that study,
per-protocol analysis showed that 86% (18/21) of PUVA-trea-
ted patients achieved PASI 75 after 12 weeks of treatment.”’
We have shown in an intraindividual trial using different dos-
ing regimens and weekly testing for MPD that PUVA-treated
patients achieved PASI 75 in 89% (16/18) and CR in 83%
(15/18) of cases, irrespective of the PUVA treatment regimen
used (i.e. 0-5 MPD four times a week vs. 1 MPD twice per
week; or 0-5 MPD twice per week vs. 075 MPD twice per
week).”® However, biologics and PUVA have not been com-
pared head-to-head in blinded, placebo-controlled trials. Such
comparative blinded studies are difficult as PUVA therapy
induces erythema and pigmentation.

Our present retrospective analysis was an attempt to address
this difficulty. We found that the efficacy of PUVA adminis-
tered under daily life conditions at our clinic fell within the
efficacy range established by the clinical studies discussed
above.”*® In fact, a per-protocol-type analysis of PUVA effi-
cacy in the present study (i.e. analysis that excluded the 25
courses of concomitant oral acitretin treatment) revealed CR,
PASI 90 and PASI 75 rates of 19% (18/93), 74% (69/93) and
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Ustekinumab P=0-32
Infliximab P=0-11
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Fig 2. Psoriasis Area and Severity Index (PASI) reduction in patients
treated with psoralen plus ultraviolet A (PUVA) vs. biologic therapy.
Horizontal extension of bars represents the relative frequency of
treatment results (PASI reduction) in PUVA-treated vs. biologic-treated
patients. The height of the bars is proportional to the number of
patients who received the treatment. P-values refer to the exact
Wilcoxon test based on adjusted patient frequencies and compare the
most relevant PASI reduction categories [i.e. complete remission (CR),
PAST 90 and PASI 75] taken together and observed after treatment
with each biologic vs. PUVA. Data presentation of analysis is by
intention-to-treat with worst-case scenario (for details see footnote to
Table 1 and Results).

88%
observed in the intention-to-treat—as observed analysis. Like-

(82/93), respectively (Table 1). Similar rates were

wise, the efficacy of biologics administered under daily life
conditions at our clinic also compared well with that in previ-
ously reported controlled clinical trials. For instance, Gordon
et dl.® observed PASI 75 reduction at week 12 in 53% of
patients taking adalimumab at a standard dose of 40 mg sub-
cutaneously (s.c.) every other week (vs. 56% in our present
study). Griffiths et al.'' reported a PASI 75 reduction at week
12 in 67:5% of patients who received 45 mg of ustekinumab
(at week 0 and 4) and 56:8% of those who received etaner-
67%
ustekinumab and 39% for etanercept in our present study).

cept at a dose of 50 mg twice weekly (vs. for
The lower response rate for etanercept seen in our retrospect-
ive analysis may be attributed to the fact that most patients
received a median dose of 25 mg s.c. twice weekly, a dosage
that has been reported to result in PASI 75 rates of 30-34% at
week 12.'%'*'? Others have reported PASI 75 reduction in
approximately 30% of patients receiving alefacept weekly”
(compared with 25% in our present study).

The aim of our retrospective analysis was to compare the
relative effectiveness of oral PUVA vs. biologics in terms of
PASI reduction. Considering CR, PASI 90 and PASI 75
reduction rates together, our analysis suggests that PUVA
administered under daily life conditions is a more effective

antipsoriatic therapy than certain biologics, including etaner-
cept, efalizumab and alefacept, and possibly also adalimumab
and ustekinumab, and equally effective as infliximab, at least
after week 12 of treatment (Table 1, Fig. 2).

However, our retrospective data analysis has several limita-
tions. First, no definitive comparison of PASI reduction
between PUVA and biologic modalities is warranted because
(i) it would not be based on a head-to-head comparison of
PUVA and biologics; and (ii) the small number of patients
treated with certain biologics, in particular infliximab, makes
the

responses to PUVA and biologics were evaluated at different

definitive comparisons impossible. Second, clinical
time points. For PUVA, PASI reduction was calculated at the
time of maximum response (i.e. 10-3 and 9-2 weeks for the
treatment with 8-MOP and 5-MOP, respectively). Neverthe-
less, the mean treatment duration of PUVA therapy in our
patients correlated well with the mean treatment durations
published in the literature. For instance, Stern® reported that
clearing of psoriasis required about 24 PUVA treatments and
that remissions lasted 3—6 months. For biologic therapies, PASI
reduction was calculated after 12 weeks even though the max-
imum response to biologic therapy sometimes occurs later, as

17.21 10
b, etanercept  or

for instance reported for adalimuma
alefacept.'>'? Third, the mean PASI at start of therapy differed
for PUVA vs. biologics (15:0 vs. 16:9). However, we did not
consider this difference to have much of a restrictive effect on
our analysis as, in our experience, it is usually easy to achieve
a significant reduction in initially higher PASI scores.

The clinical efficacy rates for both PUVA and biologic
therapy achieved under real-life conditions (as documented
in our institution’s psoriasis registry and revealed by our
present retrospective analysis) compare favourably with his-
torical data from clinical studies. Our present findings also
suggest that the primary efficacy of PUVA is superior to that
of certain biologics. Together, these observations warrant
prospective, controlled head-to-head trials of PUVA and bio-
logic therapies.

What’s already known about this topic?

e Clinical studies have established that both oral psoralen
plus ultraviolet A (PUVA) and biologics are very effec-
tive against moderate to severe chronic plaque psoriasis.

What does this study add?

e Under daily life conditions, the primary efficacy of oral
PUVA is superior to that of certain biologics in moder-
ate to severe chronic plaque psoriasis.

Acknowledgments

The authors thank Dr Barbara Izay, Vienna, Austria, for her
contributions in establishing the electronic data bank of the

© 2011 The Authors
BJD © 2011 British Association of Dermatologists 2011 165, pp640—645



Psoriasis Registry Graz, and Jude Richard, ELS, Austin, TX,
U.S.A., for editing this manuscript.

References

—

N

w

(%

[e)}

~

oo}

el

—
—

12

Parrish JA, Fitzpatrick TB, Tanenbaum L et al. Photochemotherapy
of psoriasis with oral methoxsalen and longwave ultraviolet light.
N Engl ] Med 1974; 291:1207-11.

Stern RS. Psoralen and ultraviolet A light therapy for psoriasis.
N Engl ] Med 2007; 357:682-90.

Vallat VP, Gilleaudeau P, Battat L et al. PUVA bath therapy strongly
suppresses immunological and epidermal activation in psoriasis: a
possible cellular basis for remittive therapy. ] Exp Med 1994;
180:283-96.

Wolf P, Nghiem DX, Walterscheid JP et al. Platelet-activating
factor is crucial in psoralen and ultraviolet A-induced immune
suppression, inflammation, and apoptosis. Am J Pathol 2006; 169:
795-805.

Coimbra S, Oliveira H, Reis F et d. Interleukin (IL)-22, IL-17,
IL-23, IL-8, vascular endothelial growth factor and tumour necrosis
factor-alpha levels in patients with psoriasis before, during and
after psoralen-ultraviolet A and narrowband ultraviolet B therapy.
Br J Dermatol 2010; 163:1282-90.

Singh TP, Huettmer B, Koefeler H et al. Platelet-activating factor
blockade inhibits the T-helper type 17 cell pathway and suppresses
psoriasis-like skin disease in K5.hTGF-B1 transgenic mice. Am ]
Pathol 2011; 178:699-708.

Singh TP, Schon MP, Wallbrecht K et al. 8-methoxypsoralen plus
ultraviolet A therapy acts via inhibition of the IL-23/Th17 axis and
induction of Foxp3+ regulatory T cells involving CTLA4 signaling
in a psoriasis-like skin disorder. ] Immunol 2010; 184:7257—-67.
Gordon KB, Langley RG, Leonardi C et al. Clinical response to ada-
limumab treatment in patients with moderate to severe psoriasis:
double-blind, randomized controlled trial and open-label extension
study. J Am Acad Dermatol 2006; 55:598-606.

Gottlieb AB, Evans R, Li S eta. Infliximab induction therapy
for patients with severe plaque-type psoriasis: a randomized,
double-blind, placebo-controlled trial. J Am Acad Dermatol 2004;
51:534-42.

Gottlieb AB, Matheson RT, Lowe N et al. A randomized trial of eta-
nercept as monotherapy for Arch  Dermatol  2003;
139:1627-32.

Griffiths CE, Strober BE, van de Kerkhof P et al. Comparison of
ustekinumab and etanercept for moderate-to-severe psoriasis. N Engl
J Med 2010; 362:118-28.

Lebwohl M, Christophers E, Langley R et al. An international, ran-

psoriasis.

domized, double-blind, placebo-controlled phase 3 trial of intra-
muscular alefacept in patients with chronic plaque psoriasis. Arch
Dermatol 2003; 139:719-27.

Lebwohl M, Tyring SK, Hamilton TK et al. A novel targeted T-cell
modulator, efalizumab, for plaque psoriasis. N Engl ] Med 2003;
349:2004-13.

Leonardi CL, Kimball AB, Papp KA et al. Efficacy and safety of
ustekinumab, a human interleukin-12/23 monoclonal antibody, in

© 2011 The Authors
BJD © 2011 British Association of Dermatologists 2011 165, pp640—-645

15

16

17

18

19

20

2

—

22

23

24

25

26

27

28

29

PUVA vs. biologics for psoriasis, M. Inzinger et al. 645

patients with psoriasis: 76-week results from a randomised,
double-blind, placebo-controlled trial (PHOENIX 1). Lancet 2008;
371:1665-74.

Leonardi CL, Powers JL, Matheson RT et al. Etanercept as monother-
apy in patients with psoriasis. N Engl ] Med 2003; 349:2014-22.
Menter A, Feldman SR, Weinstein GD et al. A randomized compari-
son of continuous vs. intermittent infliximab maintenance regi-
mens over 1 year in the treatment of moderate-to-severe plaque
psoriasis. ] Am Acad Dermatol 2007; 56:31 el—15.

Menter A, Tyring SK, Gordon K et al. Adalimumab therapy for
moderate to severe psoriasis: a randomized, controlled phase III
trial. ] Am Acad Dermatol 2008; 58:106—15.

Papp KA, Langley RG, Lebwohl M et dl. Efficacy and safety of us-
tekinumab, a human interleukin-12/23 monoclonal antibody, in
patients with psoriasis: 52-week results from a randomised, dou-
ble-blind, placebo-controlled trial (PHOENIX 2). Lancet 2008;
371:1675-84.

Papp KA, Tyring S, Lahfa M et al. A global phase III randomized
controlled trial of etanercept in psoriasis: safety, efficacy, and effect
of dose reduction. Br J Dermatol 2005; 152:1304—12.

Reich K, Nestle FO, Papp K et dl. Infliximab induction and mainte-
nance therapy for moderate-to-severe psoriasis: a phase III, multi-
centre, double-blind trial. Lancet 2005; 366:1367—74.

Saurat JH, Stingl G, Dubertret L et al. Efficacy and safety results
from the randomized controlled comparative study of adalimumab
vs. methotrexate vs. placebo in patients with psoriasis (CHAM-
PION). Br J Dermatol 2008; 158:558-66.

Tyring S, Gottlieb A, Papp K et al. Etanercept and clinical outcomes,
fatigue, and depression in psoriasis: double-blind placebo-con-
trolled randomised phase III trial. Lancet 2006; 367:29-35.

Rosner B, Grove D. Use of the Mann—Whitney U-test for clustered
data. Stat Med 1999; 18:1387—400.

Lebwohl M, Drake L, Menter A et al. Consensus conference: acitre-
tin in combination with UVB or PUVA in the treatment of psoria-
sis. ] Am Acad Dermatol 2001; 45:544—53.

Henseler T, Wolff K, Honigsmann H et al. Oral 8-methoxypsoralen
photochemotherapy of psoriasis. The European PUVA study: a
cooperative study among 18 European centres. Lancet 1981;i:853—7.
Melski JW, Tanenbaum L, Parrish JA et d. Oral methoxsalen photo-
chemotherapy for the treatment of psoriasis: a cooperative clinical
trial. J Invest Dermatol 1977; 68:328-35.

Sivanesan SP, Gattu S, Hong J et al. Randomized, double-blind, pla-
cebo-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. ] Am Acad Dermatol 2009; 61:793-8.

Legat FJ, Hofer A, Quehenberger F et al. Reduction of treatment
frequency and UVA dose does not substantially compromise the
antipsoriatic effect of oral psoralen-UVA. ] Am Acad Dermatol 2004;
51:746-54.

Legat FJ, Hofer A, Wackernagel A et al. Narrowband UV-B photo-
therapy, alefacept, and clearance of psoriasis. Arch Dermatol 2007;
143:1016-22.



