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ABSTRACT
Background: Previous studies have proven that ultraviolet (UV)-based phototherapy, including
UVB or psoralen UVA (PUVA), and their combination therapies, is effective for psoria-
sis treatment.
Objective: To compare the clinical efficacy and adverse events (AEs) of different UV-based
phototherapy in psoriasis.
Methods: PubMed, Cochrane Library, Scopus and Embase were systematically searched. A ran-
dom-effect model network meta-analysis with frequentist framework was performed, and results
were reported as risk ratios (RRs) with 95% CI. The main variable for assessing effectiveness and
safety are PASI 75 response and withdrawal due to AEs. Ranking effects were calculated by sur-
face under the cumulative ranking analysis (SUCRA).
Results: Thirty-two studies involving a total of 2120 psoriasis patients were included in this net-
work meta-analysis. Overall, no significant difference was reported with respect to withdrawal
due to AEs or incidence of erythema. The relatively safest strategy was combined adjuvant ther-
apy with PUVA (cPUVA), especially PUVA combined with calcium/vitamin D derivatives (RR 0.98,
95% CI [0.30–3.17], SUCRA ¼ 80.8%). Both cPUVA (RR 1.39, 95% CI [1.00– 1.94]) and combined
adjuvant therapy with UVB (cUVB) (RR 1.27, 95% CI [1.03–1.57]) showed a superior effect than
the monotherapy of UVA or UVB, respectively. PUVA combined with vitamin D and its deriva-
tives (PAVD) ranked highest concerning clinical effect and safety (clusterank value ¼ 7393.2).
Conclusions: The efficacy of all the combination therapy regimens was significantly superior to
that of UV monotherapy, without significant differences in tolerability and safety. cUVB and
cPUVA, and particularly the combination of UVA with calcium/vitamin D derivatives, was ranked
as the overall safest and most effective phototherapy method.

Abbreviations: UV: Ultraviolet; PUVA: psoralen UVA; BB: broadband; NB: narrow-band; BB-UVB:
Broadband UVB; NB-UVB: Narrowband UVB; RCT: randomized controlled trial; RR: risk ratio;
PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analyses; PASI: psoriasis
area and severity index; AEs: adverse events; SUCRA: surface under the cumulative ranking;
cPUVA: combined adjuvant therapy with PUVA; cAB: the combination of PUVA with UVB; PAVA:
PUVA combined with vitamin A and its derivatives; PAVD: PUVA combined with vitamin D and
its derivatives; UBVA: UVB combined with vitamin A and its derivatives; UBVD: UVB combined
with vitamin D and its derivatives; UBST: UVB combined with systematic treatments; UBSL: UVB
combined with skin lubricants; nRCTs: non-randomized control trials
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1. Introduction

Psoriasis is known as a common, immune-related,
chronic inflammatory skin disorder and the estimated
prevalence was ranging from 0.51 to 11.4% in worldwide
adults [1]. Plaque psoriasis is the most common type,
and most psoriasis patients suffering from the mild-to-
moderate disease can be treated with topical treatments,
whereas severe cases require additional therapeutic
options [2]. Systemic therapies, including oral retinoids,
as well as biologics or phototherapy are used for the
long-term treatment of psoriasis [3]. Ultraviolet (UV)-
based phototherapy with UVB or psoralen UVA (PUVA) is
also a well-established and generally effective treatment
for chronic plaque psoriasis employing UV light with or
without photosensitizers [4].

Although systemic and biological treatments are
strongly recommended for severe and diffuse skin dis-
eases, these medications can determine systemic side
effects and immunosuppression. Based on the evidence
from National Psoriasis Foundation, UVB phototherapy
(broadband [BB] or narrow-band [NB]) is suggested for
patients suffering from moderate-to-severe psoriasis
before adopting treatments with systemic and biologic
agents. Besides, PUVA is indicated for patients with
poor NB-UVB control and high psoriasis area and sever-
ity index (PASI) scores [5]. Among phototherapy regi-
mens for psoriasis, broadband UVB (BB-UVB) has the
longest history and narrowband UVB (NB-UVB) repre-
sents the first-line phototherapy treatment, also in com-
bination with other regimens [6]. These UV-based
phototherapies, along with their combination with
other treatments, are thought to be effective treat-
ments for many psoriasis patients, leading to an urgent
demand for comparative studies of efficacy referring to
clinical decision making. A meta-analysis published in
2013 comparing the efficacy of localized phototherapies
showed that topical PUVA treatment is more effective
than non-laser targeted UVB phototherapy [7].
Almutawa et al. summarized characteristics of UV-based
therapies, indicating that PUVA monotherapy showed
higher effectiveness than UVB-based therapy in deter-
mining complete skin clearance of patients with moder-
ate-to-severe plaque-type psoriasis [8]. Since then, there
have been several randomized controlled trials (RCTs)
on demonstrating and comparing the efficacy, safety or
tolerability of monotherapies and UV-based combina-
torial therapies. However, no comprehensive studies
evaluating relative UV efficacy and tolerability have
been carried out so far. Although several head-to-head
trials exist, RCTs have not considered all possible pair-
wise combinations of UV-based therapies with agents,

or simultaneous direct comparisons of mul-
tiple treatments.

In this study, we performed an NMA collecting dir-
ect and indirect evidence from several RCTs simultan-
eously [9]. Specifically, the achievement of PASI 75
response (75% or more reduction in PASI score from
baseline) in the short-term period of treatment was
chosen to measure its efficacy since it is indicative of
both severities and involved area of psoriatic lesions,
as well as it is evaluated and described in most
reported trials and reviews [10,11]. This study was
aimed to compare the efficacy and tolerability of
UV-based therapies, used as monotherapy or in com-
bination with various drugs and remedies, including
systematic treatments, skin lubricants, vitamins and
vitamin derivatives, for the treatment of moderate-to-
severe psoriasis. We also considered the absolute
effects of therapies to provide information supporting
clinical decision-making and care planning.

2. Materials and methods

The study protocol was registered in the international
prospective register of systematic reviews (https://
www.crd.york.ac.uk/PROSPERO), number
CRD42021232906. The research question in the manu-
script was how different UV-based phototherapies
impacted the efficacy and safety for the treatment
of psoriasis.

2.1. Data sources and searches

We designed and conducted this study following the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline [12].

Two authors (Y.L. and Z.C.) independently and sys-
tematically searched the following queries in PubMed,
Cochrane Library, Scopus and Embase, from January
1980 to January 2021: “psoriasis” OR “psoriatic” AND
“light therapy” OR “phototherapy” and “ultraviolet radi-
ation A” OR “UVA” OR “ultraviolet radiation A with
psoralen” OR “PUVA” OR “ultraviolet radiation B” OR
“UVB” OR “excimer” OR “TL-01” OR “PUVA” AND
“combination” OR “UVB” AND “combination”. Additional
potentially eligible studies were screened by further
reviewing reference lists of identified articles. There was
no restriction on the language of publication.

2.2. Study selection

The following studies were used in our NMA: 1. stud-
ies analysing psoriasis patients undergoing
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phototherapy; 2. studies comparing two or more dif-
ferent treatment strategies; 3. studies describing RCTs
with prospective parallel-group design; 4. studies
reporting at least one of the following outcomes:
PASI, withdrawal due to adverse events (AEs), and inci-
dence of erythema. On the contrary, we excluded: 1.
low-quality studies according to the corresponding
quality assessment tools; 2. dose-escalation studies
made using only one treatment strategy; 3. animal
studies, in vitro biomechanical studies, cadaver studies,
case-control studies, reviews, systematic reviews and
meta-analyses, conference abstracts, letters and analy-
ses not comprising original data.

For studies with insufficient data, we contacted the
corresponding authors. We chose to contact the corre-
sponding authors when relatively to data of studies
were presented as figures and not as numeric data in
the manuscript text or tables. If no response was
received, two current authors (Y.L. and Z.C.) independ-
ently extrapolated data from the graphs/figures. If that
was not possible the study was excluded. All disagree-
ments were resolved according to the discussion with
the third author (J.G.).

2.3. Data extraction and quality assessment

Next, the qualities of the included studies were
assessed by evaluating the methodological quality and
the bias risk of RCTs, calculated by using the Cochrane
risk of the bias assessment tool [13]. The following six
indices were evaluated and divided into unclear, low or
high risk of bias, including sequence generation, alloca-
tion concealment, blinding, incomplete outcome data,
selection outcome reporting and other sources of bias.

We extracted the relevant data from studies, includ-
ing the first author, year of publication, the number of
participants, mean age, gender ratio, type or degree
of psoriasis, mean of follow-up and outcomes data.
The data in the intention-to-treat analysis were pre-
ferred for avoiding the influence of withdrawal bias
if present.

2.4. Outcome measures

The primary efficacy endpoints were the percentage of
patients achieving PASI 75 or a PASI response greater
than PASI 75 if the latter was not available. As for the
other assessment standards, we only included trials
reporting the complete clearance of the disease or
nearly clearance (90% improvement from the baseline).
Those trials that reported PASI 75, PASI 90 or clearance
were grouped into PASI 75 and above.

Considering that the differences between the base-
line values of each included study may reduce the reli-
ability of the results and conclusions, the changes from
the baseline value of PASI (PASI improvement) at the
last follow-up were calculated (mean±SD) and used to
reconfirm the findings from PASI 75 or above. For stud-
ies not reporting PASI improvement, the correlation
coefficient method recommended by Cochrane
Handbook [13] was used to calculate the changes.

Considering the impact of patient compliance on
the treatment effect in clinical practice, withdrawal
due to AEs was chosen as the primary safety endpoint,
and to estimate treatment tolerability. The secondary
safety endpoint was erythema, the most common AEs
related to UV-based therapies. The risk ratio (RR) with
95% CI was used to compare the relative safety
of treatments.

2.5. Statistical analysis

Random-effects NMA were conducted by using Stata/
MP software version 14.0 (Stata Corp, College Station,
TX) with a frequentist framework.

The proportional variance-covariance matrix data
were pooled using the random-effects multivariate
meta-regression, whereas the model fit was evaluated
by the restricted maximum-likelihood method [14].

Inconsistencies were assessed with global inconsist-
ency tests and node-split tests, and only if both results
reported no significant inconsistency (p> .05), the con-
sistency model was adopted. If inconsistency was
reported in any network, a sensitivity analysis was
used to identify the source of inconsistency and to
exclude studies from the network. Publication biases
for each network were evaluated by funnel plots, and
for networks whose funnel plots showed possible
asymmetry, the presence of publication bias was
assessed by the egger’s test. The relative efficacy and
safety of different phototherapy strategies were
ranked using surface under the cumulative ranking
(SUCRA) probabilities [15] and cluster-ranking plots
were constructed to determine the optimal choice for
multiple outcome indicators. Further subgroup ana-
lysis was conducted for exploring the optimal combin-
ation of drugs. Data relative to four subgroups of
drugs, including vitamin A and its derivatives, vitamin
D and its derivatives, skin lubricants, and system treat-
ments, were obtained.

Differences between treatments were considered
significant when the 95% CI did not contain 1 for RR
or 0 for SMD and WMD. p< .05 was considered as sig-
nificant level in statistics.
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3. Results

3.1. Literature selection

Thirty-two studies were included following the system-
atic screening of the Literature (Figure S1) [16–47]. In
the main network analysis, five different phototherapy
strategies were identified and analysed: PUVA, UVB,
combined adjuvant therapy with PUVA (cPUVA), com-
bined adjuvant therapy with UVB (cUVB) and the com-
bination of PUVA with UVB (cAB). According to the
category and activity mechanism of the adjuvant treat-
ment, nine subgroups were identified and analysed:
PUVA, UVB, PAVA (PUVA combined with vitamin A and
its derivatives), PAVD (PUVA combined with vitamin D
and its derivatives), UBVA (UVB combined with vitamin
A and its derivatives), UBVD (UVB combined with vita-
min D and its derivatives), UBST (UVB combined with
systematic treatments), UBSL (UVB combined with skin
lubricants) and cAB. The network plot of the main net-
work analysis and subgroup analysis are shown in
Figure 1.

3.2. Study characteristics

The analysis involved a total of 2120 psoriasis patients.
The median age of subjects was 41.5 years (interquar-
tile distance 37.32� 45.00), and the median percent-
age of male patients was 61.6% (ranging
35.71–100.00%) (Table S1). Details on quality and bias-
risk assessments of all studies are shown in Table S2.

The funnel plots of the main network meta-analysis
and subgroup analysis are shown in Figures S1 and
S2, respectively.

3.3. Main network meta-analysis

3.3.1. PASI 75 response
A total of 19 trials with 1476 patients were included in
this network. No inconsistency was detected after the
application of the consistency model. Based on the
SUCRA values, the cPUVA group obtained the highest
PASI 75 response (SUCRA ¼ 86.0%), followed by cUVB
(SUCRA ¼ 79.0%) and UVB (SUCRA ¼ 32.0%), whereas
the lowest PASI 75 was achieved following CAB treat-
ment (SUCRA ¼ 26.1%). The cPUVA group was numer-
ically higher than PUVA group (RR 1.39, 95% CI
[1.00–1.94]), whereas the cUVB group outnumbered
the UVB group (RR 1.27, 95% CI [1.03–1.57]).

3.3.2. PASI 75 and above response
A total of 32 trials involving 2120 patients were
included in this network. No significant inconsistencies
were found in applying the consistency model. Similar
to PASI 75 response results, cPUVA and cUVB deter-
mined a better response in patients (SUCRA ¼ 81.1
and 78.4%, respectively), whereas UVB was the treat-
ment less effective (SUCRA ¼ 23.3%). Significant differ-
ences were only found between cPUVA- and PUVA-
treated groups (RR 1.23, 95% CI [1.01–1.50]), cUVB and
UVB (RR 1.20, 95% CI [1.06–1.37]).

3.3.3. PASI improvement
For this network, we only analysed data on 844
patients in 14 trials, so these results should be
explained with caution. No significant inconsistency
was detected by using the consistency model.
Although the funnel plot of this network showed
dubious asymmetry, egger’s tests did not report any
significant publication bias or small-study effect
(p¼ .661). From these analyses, the cPUVA group
resulted to respond significantly better than PUVA
(SMD 2.31, 95% CI [0.48–4.13]) or UVB (SMD 2.17, 95%
CI [0.15–4.18]) groups, and the cUVB-treated group
achieved better PASI responses than UVB-treated
group (SMD 1.22, 95% CI [0.05–2.39]). According to
SUCRA, cPUVA and cUVB ranked highest in efficacy
(SUCRA ¼ 89.5 and 67.4%, respectively), whereas
PUVA was the lowest-ranked treatment (SUCRA
¼ 19.4%).

3.3.4. Safety outcomes
Networks relative to 23 trials (1410 patients) and 20
trials (1361 patients) reporting withdrawal due to AEs,

PUVA

UVB

cPUVA

cUVB

cAB

Figure 1. Structure of network formed by interventions. The
lines between treatment nodes indicate the direct compari-
sons made within randomized controlled trials. The solid line
means direct comparisons and the dashed line means indirect
comparisons. (A) Main network meta-analysis. (B)
Subgroup analysis.
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and incidence of erythema, respectively were assessed.
The consistency model application did not reveal
inconsistencies for the two analysed networks.

No significant difference was reported relative to
withdrawal due to AEs. The PUVA group showed the
highest withdrawal rate according to SUCRA (refer-
ence, SUCRA ¼ 46.6%), while cUVB (RR 0.87, 95% CI
[0.23–3.31], SUCRA ¼ 54.9%) and cAB (RR 0.83, 95% CI
[0.02–41.33], SUCRA ¼ 52.5%) showed the lowest rate.

No significant difference was also reported for the
incidence of erythema. Based on the SUCRA ranking,

UVB and cUVB showed less incidence of erythema
(RR 0.75 95% CI [0.27–2.09], SUCRA ¼ 65.8% and RR
0.75, 95% CI [0. 26–2.19], SUCRA ¼ 61.0%, respect-
ively), whereas cAB group showed the worst response
(reference, SUCRA ¼ 31.5%). SUCRA values of main
network analyses are shown in Table 1, and the forest
plots in Figures 2 and 3.

According to the cluster-rank results, cUVB and
cPUVA ranked highest with respect to effect (PASI 75
response) and safety (withdrawal due to AEs) com-
bined parameters (clusterank value ¼ 4337.1 and
4016.2, respectively), whereas PUVA ranked lowest
(clusterank value ¼ 1253.5) (Figure S4). In Table 2, the
league plots relative to differences between network
meta-analysis groups are shown.

3.4. Subgroup analysis

3.4.1. PASI 75 response
A total of 20 trials with 1500 patients were included in
this network. The application of the consistency model
did not reveal any inconsistency. PAVD treatment was
potentially the best therapeutical strategy according
to SUCRA (SUCRA ¼ 91.5%), followed by UBST (SUCRA
¼ 83.0%) and UBSL (SUCRA ¼ 54.5%) therapies. UVB
was the less effective treatment (SUCRA ¼ 24.8%). In
addition, PAVD was s�ıgnificantly better than both
PUVA (RR 1.86, 95% CI [1.15–3.01]) and UVB (RR 1.87,
95% CI [1.09–3.19]) treatments, and UBST was more
efficacious than UVB (RR 1.58, 95% CI [1.08–2.31]).

3.4.2. PASI 75 and above response
A total of 32 trials with 2120 patients were involved in
this network. Also for this analysis, no significant
inconsistency was found. PAVD and UBST groups
showed a better response, in terms of achievement of
a PASI 75 and above response (SUCRA ¼ 97.4 and
70.8%), and, similarly to what was observed for PASI
75 response network, UVB ranked lowest (SUCRA ¼
18.2%). PAVD treatment determined a better response
than PAVA (RR 1.69, 95% CI [1.05–2.72]), UBSL (RR Ta
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1.72, 95% CI [1.04–2.84]), cAB (RR 1.78, 95% CI
[1.04–3.03]), PUVA (RR 1.86, 95% CI [1.22–2.84]) and
UVB (RR 1.88, 95% CI [1.21–2.92]) therapies. UBST was
also better than UVB treatment (RR 1.26, 95%
CI [1.01–1.57]).

3.4.3. PASI improvement
Fourteen trials with 844 patients could be included in
this network. Although the application of the egger’s
test revealed no concern (p¼ .668), the publication
bias and small-study effect could likely represent

Figure 2. Forest plots incorporated direct comparisons and indirect comparisons of main network meta-analysis. (1) PASI 75
response. (2) PASI 75 and above response. (3) Absolute PASI improvement. (4) Withdrawal due to AEs. (5) Incidence of erythema.
(A: PUVA; B: UVB; C: cPUVA; D: cUVB; E: cAB).

Figure 3. Forest plots of network comparisons of main network meta-analysis. (1) PASI 75 response. (2) PASI 75 and above
response. (3) Absolute PASI improvement. (4) Withdrawal due to AEs. (5) Incidence of erythema.

164 Y. LI ET AL.



critical issues. Again, the consistency model was
adopted. PAVD- and UBSL-treated patients showed a
better response as compared to patients undergone
the other treatments. According to SUCRA, PAVD and
UBSL ranked highest (SUCRA ¼ 98.3 and 88.9%,
respectively), whereas UVB ranked lowest (SUCRA
¼ 18.6%).

3.4.4. Safety outcomes
Two networks relative to 23 trials (1410 patients)
reporting the withdrawal due to AEs and 20 trials
(1361 patients) reporting the incidence of erythema,
respectively, were assessed. No significant inconsisten-
cies were detected using the consistency model.

No significant difference was reported with respect
to withdrawal due to AEs or incidence of erythema. In
line with SUCRA result of withdrawal rate, PAVA and
PAVD were the worst- and the best-tolerated treat-
ments (reference, SUCRA ¼ 32.2% and RR 0.98, 95% CI
[0.30–3.17], SUCRA ¼ 80.8%, respectively). UBVA group
reported the highest incidence of erythema (reference,
SUCRA ¼ 23.2%), whereas UBVD the lowest (RR 0.42,
95% CI [0.12–1.51], SUCRA ¼ 83.6%).

According to the cluster-rank results, PAVD and
UBST ranked highest concerning clinical effect (PASI75
response) and safety (withdrawal due to AEs) (cluster-
ank value ¼ 7393.2 and 5419.9, respectively), whereas
UVB ranked lowest (clusterank value ¼ 1205.3) (Figure
S5). SUCRA values are shown in Table 3, and forest
plots of the subgroup analysis are reported in Figures
S6 and S7. The league plots of subgroup analysis are
presented in Tables S3–S5.

4. Discussion

We conducted the first network meta-analysis based
on high-quality RCTs comprehensively comparing the
effects and tolerability of UV-based phototherapy
strategies for the moderate-to-severe psoriasis treat-
ments. This NMA represents a valuable comparison of
all currently licenced or commonly used UVB or PUVA
phototherapies and their combinations with
other treatments.

Our findings are largely in accordance with and
based on evidence from those previously published
guidelines and systematic reviews. A previous system-
atic literature review by Archier et al. [48] showed that
although PUVA tended to clear plaque-type psoriasis
more efficiently than NB-UVB, dermatologists prefer
the latter treatment as the first-line phototherapy, due
to cutaneous carcinogenic risk by PUVA and the easier
administration procedure of UVB. In parallel, a meta-
analysis by Almutawa et al. reported that topical PUVA
was superior to non-laser-targeted UVB phototherapy
in terms of effectiveness [7]. However, though we
found the PUVA group showed the highest withdrawal
rate according to SUCRA, there was no significant dif-
ference when comparing PUVA with UVB treatments
in terms of efficacy and safety. This discrepancy might
be due to the lack of sufficient studies summarizing
all kinds of adverse effects, such as pruritus, nausea,
vertigo, headache, etc. The information available in
the analysed studies permitted only to conclude that
both groups developed cutaneous erythematous reac-
tion, which is an adverse effect particularly common
in phototherapy. In our opinion, the severe side-effects

Table 2. The league plots of main network meta-analysis (from the top left to the
bottom right, higher comparator vs. lower comparator).
a. PASI 75 and above response (lower left) and PASI 75 response (upper right), RR with 95% CI.

cPUVA 0.94 (0.64–1.38) 0.74 (0.51–1.07) 0.72 (0.52–1.00) 0.68 (0.38–1.22)
1.02 (0.79–1.31) cUVB 0.79 (0.64–0.97) 0.77 (0.55–1.06) 0.72 (0.40–1.30)
1.22 (0.97–1.55) 1.20 (1.06–1.37) UVB 0.97 (0.75–1.26) 0.92 (0.53–1.59)
1.23 (1.01–1.50) 1.20 (0.99–1.46) 1.00 (0.87–1.15) PUVA 0.94 (0.58–1.53)
1.15 (0.77–1.73) 1.13 (0.76–1.68) 0.94 (0.64–1.38) 0.94 (0.66–1.34) cAB

b. Absolute PASI improvement (lower left), SMD with 95% CI.

cPUVA
0.95 (�1.11–3.01) cUVB – – –
2.17 (0.15–4.18) 1.22 (0.05–2.39) UVB – –
2.31 (0.48–4.13) 1.35 (�0.35–3.06) 0.14 (�1.25–1.52) PUVA –
1.41 (�2.13–4.96) 0.46 (�3.02–3.95) �0.76 (�4.10–2.58) �0.89 (�3.93–2.15) cAB

c. Withdrawal due to AEs (lower left) and incidence of erythema (upper right), RR with 95% CI.

cUVB 1.05 (0.61–1.80) 1.33 (0.46–3.87) 0.99 (0.74–1.34) 1.11 (0.75–1.63)
0.87 (0.15–4.89) cPUVA 1.27 (0.42–3.83) 0.95 (0.57–1.57) 1.06 (0.66–1.70)
1.05 (0.02–65.78) 1.21 (0.02–73.81) cAB 0.75 (0.27–2.09) 0.83 (0.31–2.26)
0.91 (0.37–2.26) 1.05 (0.22–5.00) 0.87 (0.02–49.62) UVB 1.12 (0.86–1.45)
0.87 (0.23–3.31) 1.00 (0.29–3.51) 0.83 (0.02–41.33) 0.95 (0.34–2.68) PUVA
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of PUVA observed more frequently in the PUVA group
could not be ignored. Markham et al. [35] also
reported that NB-UVB (TL-01) had fewer side effects
than PUVA in treatments of patients with chronic pla-
que psoriasis. Interestingly, the efficacy of all the com-
bination therapy regimens was significantly higher
than that observed using UV in monotherapy. cPUVA
also determined a more substantial improving skin
lesions without a lower safety than PUVA Therefore,
cPUVA could be used for moderate-to-severe psoriasis
cases as an alternative to UVB therapies if ineffective.
We also found that when compared with PAVA, PUVA,
UVB and CAB, the PUVA therapies administered
together with calcium/vitamin D derivatives, such as
calcipotriene, showed higher efficacy and were more
tolerated than single treatments. Consistently, a recent
meta-analysis showed that targeted UVB combined
with calcipotriene was more efficacious than targeted
UVB alone, and the efficacy of combination therapy
could be related to the analogous and complementary
roles associated with calcipotriene on UVB [49].
Calcipotriol cream is used to treat plaque psoriasis
and is generally preferred to the ointment formulation
as it is less greasy. UVB and Calcipotriene can increase
the level of 1,25-dihydroxy vitamin D3 and inhibit the
proliferation of the epidermal cell. Therapeutic effects
of vitamin D3 analogues persist after PUVA or NB-UVB
irradiation, and calcipotriene ointment addition to
PUVA determines a UVA sparing effect as well as clear-
ing of psoriatic lesions with low UVA accumulation
[50,51]. Combination of PUVA with calcipotriene
reduces the UVA dosage required for clearance of
psoriasis, thus decreasing the long-term risk of cutane-
ous malignancy and increasing the efficacy of treat-
ment. Our study could not produce corresponding
data on the accumulated dose required for clearance,
and more clinical studies are necessary to obtain
this evidence.

Importantly, both the outcomes of efficacy and
safety were considered together in cluster-ranking
plots and joint rankings and provided absolute effect
estimates to help clinical decision making: (1) The effi-
cacy of all the combination therapy regimens was sig-
nificantly higher than that of UV monotherapy, and
there was no significant difference in their tolerability
and safety; (2) cPUVA showed an optimal efficacy to
improve skin lesions, especially when combined with
calcium/vitamin D derivatives to treat moderate-to-
severe psoriasis; (3) PUVA and UVB treatments have
no significant differences in efficacy and safety, nor
the combination of PUVA with UVB increase efficacy.
On the contrary, PUVA and UVB co-treatmentTa
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increased the risk of erythema according to SUCRA
results; (4) PAVD regimen showed higher efficacy com-
pared with PAVA, PUVA, UVB, and CAB treatments, as
well as it was the best-tolerated so that it could have
the potential to be the optimal choice in the clinical
decision; (5) based on cluster-rank analysis, cPUVA
(PAVD) and cUVB (UBST) are the safest and most
effective phototherapy methods to treat psoriasis.

On the other hand, our study had some limitations.
Although observational studies and other non-
randomized control trials (nRCTs) also play an indis-
pensable role in evaluating the effectiveness and
safety, especially the long-term effects, of therapy, we
only included high-quality RCTs to avoid the unman-
ageable confounding factors existing in observational
studies and other nRCTs. This may be one of the rea-
sons for the relatively insufficient number of articles
included in this study. Therefore, publication bias rep-
resented a non-negligible problem for our study, also
deduced from funnel plots showing dubious asym-
metry and resulting from small-study effects.

In addition, considering withdrawal due to AEs, we
also included studies with no events in both treatment
arms in the network. The Cochrane Handbook recom-
mends omitting studies with rare events, but it is con-
troversial whether this alters the bias evaluations and
the accuracy of the combined estimation. Therefore,
we included such trials and used a 0.5 zero-cell correc-
tion. However, we should explain these results with
caution. It should be considered that though SUCRA is
widely used to rank the effects of treatments, it may
also ignore whether the difference between treat-
ments has clinical significance. Although one treat-
ment may be ranked as the best treatment, the
absolute difference between the best one and other
treatments may be very small. Therefore, also SUCRA
results should be interpreted cautiously [15]. Finally,
some factors can influence outcomes but cannot be
adjusted or eliminated statistically. These include dif-
ferences in comorbidities, duration and dose of treat-
ment, time of follow-up and severity of psoriasis
among populations in this study. For instance, some
of the included studies have not reported the accurate
duration or severity of psoriasis so that due to insuffi-
cient relevant data, it is almost impossible to adjust
these factors.

5. Conclusion

Our research provides comprehensive comparative
data for moderate to severe psoriasis patients in UV-
based treatment. Our results revealed that the efficacy

of all the combination therapy regimens was signifi-
cantly superior to that of UV monotherapy, without
significant differences in tolerability and safety. cUVB
and cPUVA, and particularly the combination of UVA
with calcium/vitamin D derivatives, was ranked as the
overall safest and most effective phototherapy meth-
ods in UV-based treatment strategies. cPUVA and
cUVB, especially combined with calcium/vitamin D
derivatives, are both safe and effective treatments for
psoriasis and have the potential for the first choice in
the treatment of moderate-to-severe psoriasis.
However, more high-quality trials are necessary for
confirming our findings, and there will be detailed
comparisons of relative efficacy and safety in
future NMAs.
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