Received: 4 September 2023

Revised: 30 November 2023

Accepted: 24 December 2023

DOI: 10.1002/ski2.333

SYSTEMATIC REVIEW

SKIN HEALTH DISEASE

Evaluating the clinical efficacy of pulsed dye laser with
sirolimus for treatment of capillary malformations: A

systematic review

Isabella J. Tan'
Babar Rao' |

"Robert Wood Johnson Medical School,
Rutgers, The State University of New Jersey,
Piscataway, New Jersey, USA

2Department of Dermatology, The Johns
Hopkins Hospital, Baltimore, Maryland, USA

Correspondence

Isabella J. Tan.
Email: ijt11 @rwjms.rutgers.edu

Funding information

This article received no specific grant from any
funding agency in the public, commercial, or
not-for-profit sectors

1 | INTRODUCTION

| Thu M. Truong' |
Bernard A. Cohen?

Gaurav N. Pathak’ | Shaunt Mehdikhani' |

Abstract

Port-wine stains (PWS) are capillary vascular anomalies that are often
treated with pulsed-dye laser (PDL). Revascularization limits persistent
clearance; however, the anti-angiogenic effects of sirolimus (SIRO) may
inhibit revascularization. This review aims to determine differences in PWS
outcomes when treated with PDL monotherapy or in combination with
SIRO. A systematic review was conducted using PubMed, Cochrane, and
Embase databases. The following search terms were used: ‘port wine stain
PDL SIRO’, ‘port wine stain PDL’, and ‘port wine stain PDL and topical
treatment’ with (MeSH) and (Title/Abstract) limits. The search was limited to
the English language and human-subject studies conducted between 1
January 2000 and 1 June 2023. Inclusion criteria included studies evalu-
ating SIRO as an adjunct to PDL in patients with PWS. Data extraction and
quality assessment were performed by two independent reviewers. A total
of nine studies met the inclusion criteria, which included randomized
controlled trials (3), case series (2), case reports (3), and a prospective
intrapatient study (1), which represented a total of 58 patients. Five studies
showed improvement of a measured post-treatment PDL parameter
including shortening treatment time and less frequent dosing. A subset of
studies (4/9) which did not demonstrate significant clinical improvements
exhibited significant photographic evidence of improvement. Heterogeneity
among the studies highlights the need for further research and standardi-
zation. While adjunctive SIRO shows promise, larger studies and compre-
hensive evaluation methods are required to establish conclusive safety and
efficacy guidelines to shape clinical decision-making.

need for multiple sessions, and that complete and
lasting blanching is rarely achieved with mono-

The mainstay of therapy for the treatment of port-wine
stains (PWS) are vascular-selective lasers, such as
pulsed-dye laser (PDL). PDL treatment is limited by the

therapy.'? Additionally, there is significant variance in
individual treatment response, as 20%—46% of patients
are partial responders (20%—30% with PDL) and 14%—
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40% of patients are poor responders, despite multiple
treatments.>* PWS therapeutic approaches have not
changed longitudinally since the late 1980s, indicating
an unmet medical need despite present-day advances
in both technological and pharmacologic interventions.®

Neovascularization post-PDL treatment may result
in recurrence or suboptimal response. To improve PDL
success, topical agents with antiproliferative properties
have been evaluated as adjunctive therapies to PDL, in
hopes of improving longitudinal clinical effects.® Siroli-
mus is a cell-cycle-specific mammalian target of rapa-
mycin  (MTOR) inhibitor that blocks cell-cycle
progression, thereby causing immunosuppressive and
antiproliferative effects.” Dual PDL and topical SIRO
therapy have been reported to improve PWS clearance
over a shorter duration of time and with fewer PDL
treatments.®® However, despite these advancements,
challenges persist in achieving complete clearance due
to factors such as vessel depth variability, tissue char-
acteristics, and individual response variations.®> This
systematic review aims to determine if there is a sig-
nificant difference in utilizing adjunctive topical SIRO in
this indication while addressing its implications for the
future treatment of PWS.

2 | METHODS

A systematic literature review was conducted using
PubMed, Cochrane, and Embase databases to assess
the role of topical SIRO therapy on PDL treatment
outcomes for PWS. The review was conducted in
accordance with PRISMA guidelines and the following
search terms were used: ‘port wine stain PDL SIRO’,
‘port wine stain PDL’, and ‘port wine stain PDL and
topical treatment’. The search was limited to studies
conducted between 1 January 2000 and 1 June 2023.
Inclusion criteria included all study types in English, and
those that evaluated the use of SIRO with PDL.
Exclusion criteria was set as papers in a language other
than English, not including humans as subjects, or not
evaluating SIRO as the adjunct to PDL.

A total of 34 records were identified from the initial
search (Figure 1). After exclusion, a total of nine studies
were included in the analysis and data abstraction.

Two reviewers (I.J.T. and T.M.T.) independently
extracted the data, with disagreements resolved by
consensus. To determine study quality, two authors (.
J.T. and T.M.T.) independently used a previously vali-
dated 5-point scale with values of 0 or 1, including
assessment of exposure and outcome, control of con-
founding factors, and evaluation of bias.® Scores were
summed and those ranging from 0 to 3 were regarded
as lower in quality, and scores of 4-5 were considered
higher quality. The certainty of evidence table was
generated using GRADEpro (Supplemental 1)."°

What is already known about this topic?

e Port-wine stains (PWS) are vascular anom-
alies often treated with pulsed-dye laser
(PDL). Sirolimus (SIRO), with potential anti-
angiogenic effects, is explored as an
adjunct to PDL. A systematic review of nine
studies found mixed results, with some indi-
cating improved PDL outcomes when com-
bined with SIRO, including shorter treatment
times and less frequent dosing. However,
heterogeneity among studies underscores
the need for more extensive research and
standardized evaluation methods to establish
safety and efficacy guidelines for clinical
decision-making.

What does this study add?

¢ This study adds to the existing knowledge by
systematically reviewing the use of SIRO as
an adjunct to PDL for treating PWS. It high-
lights mixed results from various studies,
indicating potential benefits in terms of
improved PDL outcomes. However, it also
emphasizes the need for further research and
standardization due to the heterogeneity
among the included studies. Ultimately, this
study underscores the importance of
continued investigation to establish conclu-
sive safety and efficacy guidelines for the use
of SIRO in PWS treatment.

During data abstraction, there was considerable
variability in study characteristics to yield a meaningful
summary of the estimate of effect, thus the included
studies were analyzed according to synthesis without-
meta-analysis (SWiM) guidelines (Supplemental 2).'"
Thematic synthesis was used to harmonize findings in
qualitative research.

3 | RESULTS

3.1 | Study selection

A total of nine studies were assessed for the clinical
outcomes of adjunctive SIRO and PDL for treatment of
capillary vascular malformations. Studies that appeared
to meet inclusion criteria included animal and cell-based
models of capillary malformations treated with SIRO and
PDL; however, these were later excluded based on
exclusion criteria.'®'® The study characteristics and
study population characteristics are outlined in Table 1.
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= Records identified through
;g database searching: PubMed,
= Cochrane, Embase:
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=
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— - 4
3 Full-text articles assessed for ReEpgis Bxclides! (.n— 16). _
eligibility —> Extraneous variable (n = 4)
(n = 25) No PDL treatment (n = 4)
No outcomes measured (n = 4)
No sirolimus treatment (nh = 2)
Not human-subject study (n = 2)
Studies included in this systematic
= review
g (n=9)
3 3 Randomized controlled
= trials
= 3 Case reports
2 Case series
1 Prospective controlled
trial
FIGURE 1 Flowchart illustrating the article inclusion process.

Overall, a majority (5/9) of the included studies were
of high quality based on the evaluation of study design,
assessment of exposure, assessment of outcome,
control for confounding, and evidence of bias. The
certainty of evidence evaluation showed that for the
outcome of ‘colourimetric improvement’ in three studies
reflected moderate certainty, whereas the outcome of
‘subjective clearance’ assessed by photographic eval-
uation showed low certainty, attributed to a high risk of
publication bias and inconsistency in the evaluation of
methods.

Across all nine included studies, there were a total
of 75 patients. There were no statistically significant
differences in the three studies that utilized colouri-
metric analysis.'*'® However, seven of the studies

reporting subjective clearance by photo evaluation re-
ported a statistically significant improvement.’® In all
studies evaluating patient satisfaction, two studies
identified that despite no measurable colourimetric
improvement, both had improved patient satisfaction
scores."®'® This analysis is summarized in Table 2.

3.2 | Colourimetric analysis

Doh et al. conducted an open-label, prospective intra-
patient study comparing the effects of PDL mono-
therapy against adjunctive topical SIRO regimens.'*
However, no statistically significant difference was
found in erythema, colour difference, and blanching
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rate between the two groups. The study involved six
cases, with treatment arms consisting of either 1 week

-
N . . .
°E or 8 weeks of topical SIRO after the first PDL session,

c . . .
@ 2 %F S while the control arm received PDL monotherapy with
[e N . .
g g 5 T(;i two sessions spaced 8 weeks apart.'* Greveling et al.,
& =T o conducted an intra-patient randomized controlled trial
g 0o i - -
= E RCT) with 17 cases, but did not find evidence sup-
J U) . . . . . .
o _ T porting the efficacy of adjuvant SIRO in improving PWS
X5 Z22€ 7T . . . ) .
g E 5 o5 %v blanching based on colourimetric analysis, despite
=SS .t L2589 E improved patient satisfaction scores.'® Similarly, Fallahi
Q02 T OS5 wTO . y
XEREECOL Za S5 et al. conducted a double-blind, placebo-controlled,
CTHE8 530,08 88 . . . : 15
> 0555835628835 split-lesion RCT involving 20 cases.’” The results
£ S é €3 358 £2 82 5% showed no significant difference in colourimetry be-
Eg=°fh==poaaroes=l tween the placebo and SIRO groups.'®
O < =]
£
c °
- 8 o @
7] £ c.-B - . .
e 5%8¢ 28z g 3.3 | Subjective clearance
o “wHoocwe o %)
O o & — ‘h © © L
5 £ 29 2203 ] . . . .
3 5% gggg 3 £ Subjective clearance of PWS was improved in five
§ 923 8g2gT 8 studies, including an RCT® and multiple case se-
= O o . _ . .
£ gtoem8acm £ ries.®1719 Particularly for treatment-resistant PWS
o . .
o O ° and other capillary malformations, SIRO was found to
y 8 improve PWS clinically.®'® In addition, the use of
s 3 £
EE § @ s topical SIRO may be a feasible approach to reduce the
= b c . . .
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4.1 | Facial PWS

Five studies involved centrofacial sites.®%%1%8 The
largest study by Fallahi et al. examined centrofacial
PWS lesions, with a sub-analysis of lateral and medial
lesions. They reported no significant difference in facial
PWS colourimetry between the placebo and SIRO
groups, however, subjective assessments showed
greater improvement in the SIRO treatment group.'®
Similarly another RCT by Marqués et al. showed topical
SIRO combined with PDL being a safe and effective
treatment for capillary vascular malformations.® How-
ever, the study mainly focused on adult subjects and
laterofacial sites were also used as control areas which
may be subject to treatment bias as previous studies
show these sites are more difficult to treat. Additionally,
smaller case studies that included centrofacial areas
noted improvement.®818

4.2 | Extrafacial PWS

Doh et al. found no significant difference in erythema,
colour difference, or blanching rate between PDL alone
and combined topical SIRO regimens.'* This suggests
the limited efficacy of the combination therapy for
extrafacial PWS, which is often characterized by
deeper vessels. Greveling et al., observed no statisti-
cally significant difference in colourimetric assessment
between PDL monotherapy and combined topical SIRO
regimens. However, patient satisfaction was highest
with PDL monotherapy.'® Thus, these findings indicate
that PDL alone may be more effective than combined
SIRO and PDL for extrafacial PWS.

4.3 | Effect of variation in sirolimus
formulations

Seven of the nine included studies evaluated a variety
of topical SIRO formulations ranging from 0.1% to 2% in
weight/volume proportions, which at some doses may
require compounding in the pharmacy. Two studies
evaluated oral SIRO in 0.5—-2 mg daily dose ranges. A
lack of standardization in dosing strength and formu-
lation type may make intra-study comparisons chal-
lenging and potentially account for differences in the
observed clinical outcomes.

Topical SIRO has minimal systemic absorption.
Three of the seven studies utilized topical SIRO with
similar or lower concentrations as compared to
commercially available SIRO 0.2%, while the remaining
four studies utilized higher topical concentrations. The
varying concentrations may contribute to differences in
statistically significant clinical efficacy, although all
studies revealed improved subjective clearance. Artzi
et al., used a 0.5%-1% SIRO cream and PDL

combined with a non-laser skin resurfacing system
(Tixel) to overcome limitations of low drug bioavail-
ability. Therefore, other permeation-enhancing tech-
niqgues may be a suitable option for deeper or more
hypertrophic-type PWS.

4.4 | Tolerability of PDL and sirolimus
PDL can induce temporary skin inflammation and
compromise the skin barrier, which may enhance the
irritant effects of topical SIRO. Although the topical
formulation is more favourable for targeted delivery,
appropriate dosage must be used to manage the po-
tential adverse effects of SIRO, which include skin
dryness and contact dermatitis.

Patients with Fitzpatrick phototypes IV-VI are more
susceptible to adverse events when undergoing PDL
treatment for PWS compared to patients with other skin
types.?® While PDL has shown improvements in PWS
in individuals with skin of colour, there is risk of hyper-
pigmentation, hypopigmentation, and scarring that
needs to be carefully considered.?®> The potential of
SIRO to reduce the number of treatment sessions
required for PWS blanching may be particularly ad-
vantageous for patients with skin of colour, as it may
minimize the risk of adverse effects associated with
prolonged or repeated PDL treatments.

4.5 | Limitations

The limitations of the reviewed studies include several
factors that may impact the interpretation and gener-
alizability of the findings. First, a small number of
studies met the inclusion criteria and most studies had
small sample sizes, with seven out of nine studies
having less than 10 participants. This reduces the sta-
tistical power and limits the ability to draw significant
conclusions.

Another consideration is the age distribution of the
participants. Although PWS are commonly observed in
children, the average age of the participants across the
studies was relatively higher. Five out of the nine
studies had participants in their 3rd decade of life, and
two studies included participants in their 5th to 6th
decade of life. This age discrepancy raises questions
about the potential impact of age on treatment out-
comes, specifically whether older individuals may
exhibit decreased angiogenesis that can significantly
impact treatment response and outcome measures.>*
Anatomic differences also pose limitations in the inter-
pretation of the findings. Centrofacial lesions tend to
respond less favourably to treatment compared to le-
sions in other locations.

Additionally, the cost of compounding high SIRO
dosages is a significant limitation in the reviewed
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studies. This cost factor should be taken into consid-
eration when evaluating the practicality and feasibility
of adjunctive SIRO therapy. The lack of standardization
in the formulation type and dosage may make inter-
study comparisons challenging. Exploring alternative
delivery vehicles may offer a potential avenue to
reduce compounding costs and enhance treatment
outcomes.

While this review suggests that adjunctive SIRO with
PDL therapy may subjectively improve PWS outcomes,
factors such as age, location of the PWS, and SIRO
concentration should be appraized to guide clinician
recommendations. Additional research exploring alter-
native drug delivery systems and treatment modalities is
warranted to enhance the safety and efficacy of PWS
therapies.

5 | CONCLUSION

This systematic review identified mixed efficacy of
adjunctive SIRO in the treatment of PWS with PDL.
Subjective clearance assessed through photographic
evaluation consistently demonstrated improved patient
satisfaction, however, statistical analysis frequently
exhibited no significant difference. Further research
with standardized protocols and larger patient cohorts
is necessary to fully understand the safety and efficacy
of SIRO and PDL treatment for PWS.
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