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Abstract
Background: Port-wine stain (PWS) is a congenital capillary malformation occurring commonly in the head
and neck. Left untreated, affected areas may darken and hypertrophy over time, resulting in pronounced
disfigurement, risk of spontaneous hemorrhage, and functional impairment. The burden of hypertrophic
facial PWS and the benefit of laser therapy have not heretofore been well characterized. Herein, the health
utility of these two states is assessed among naı̈ve observers.
Methods: Naı̈ve observers (n = 262) ranked the utility of four randomized health states (monocular blind-
ness, binocular blindness, hypertrophic facial PWS, and laser-treated facial PWS) by means of visual
analogue scale (VAS), standard gamble (SG), and time trade-off (TTO) techniques. Health states are pre-
sented using standardized facial photographs.
Results: Health utilities (VAS, SG, and TTO) were reported as follows (mean – standard deviation): monocular
blindness (0.73 – 0.21, 0.86 – 0.21, 0.87 – 0.18), binocular blindness (0.51 – 0.26, 0.72 – 0.27, 0.69 – 0.27), hy-
pertrophic facial PWS (0.71 – 0.24, 0.83 – 0.23, 0.83 – 0.21), and laser-treated facial PWS (0.87 – 0.16,
0.91 – 0.18, 0.92 – 0.16). Laser-treated facial PWS showed significantly higher utility measures than the un-
treated hypertrophic state ( p < 0.001, all measures), with a difference of 3.24 quality-adjusted life years. Lin-
ear regression analysis revealed that non-Caucasian race and higher level of education were associated with
lower SG and TTO utility scores for the hypertrophic facial PWS state among naı̈ve observers.
Conclusions: Societal-perceived utility of hypertrophic facial PWS is similar to that of monocular blindness.
Laser-treated facial PWS is perceived significantly more favorably than the untreated hypertrophic state.
These findings provide insight into the societal burden of facial PWS and impact of laser treatment, facili-
tating objective comparisons with other disparate disease states.

Introduction
Port-wine stains (PWSs) are congenital capillary malfor-

mations characterized by pink cutaneous macular patches

at an incidence of 3 per 1000 live births with no gender

predilection.1–3 Two-thirds of these malformations pres-

ent in the cervicofacial region, predominantly distributed

along the trigeminal nerve dermatomes.4,5 Although

initially pale, pink, and flat, PWSs left untreated grow

in size and depth over time. This progressive growth

leads to darkening and thickening of the lesion, result-

ing in nodule formation with risk of spontaneous hem-

orrhage, inflammation, and chronic infection,6–8 often

profoundly impacting the individuals’ psychosocial

life.9–12 Besides cosmetic disfigurement, PWS hyper-

trophy may functionally impair sight, speech, nasal

breathing, or hearing.13 Camouflage of lesions in the

head and neck is challenging, compelling many patients

to seek treatment.
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Pulsed dye laser (PDL) irradiation is the current

standard-of-care therapy for PWS.14 Using PDL, light

energy is selectively absorbed by hemoglobin in a

single-photon wavelength-dependent process known as

selective photothermolysis. The targeted hemoglobin co-

agulates within the ectatic PWS blood vessels sparing

injury to adjacent healthy tissues and preserving normal

tissue architecture.15 Such specificity has enabled PDL

therapy in infancy,16–18 where the response to PDL ther-

apy is more favorable than later in life.19 Mature PWSs

often require combination PDL therapy with alexandrite

laser (755 nm), a near-infrared laser that penetrates 50–

75% deeper into tissue than PDL,20 to selectively destroy

deeper PWS blood vessels while minimizing scarring.

Although concurrent PDL and alexandrite treatments

may achieve significant lightening and arrest of hypertro-

phic PWS maturation,21 the economic impact and per-

ceived burden of pre- and post-treatment health states

have not been investigated.

Health utility assessment allows for quantifying disease

severity and preferences for a given health state. The

‘‘utility’’ of a given health state is presented as a normal-

ized value between 0 (representing death) and 1 (perfect

health), assessed using visual analogue scales (VASs),

standard gamble (SG), and/or time trade-off (TTO)

techniques.22–24 Utilities are attractive tools in health eco-

nomic decision analysis, as they permit direct comparison

of disparate disease states. Furthermore, utilities can be

transformed into quality-adjusted life years (QALYs),25

a common measure used to inform health care resource

allocation decisions. Although utilities can be elicited

from a number of populations, values used in economic

evaluations are typically elicited from members of the

general population on the premise that allocation of public

funds is best guided by societal preference.26

In this study, the utilities of hypertrophic facial PWS

and laser-treated facial PWS states are assessed among

naı̈ve observers using standardized facial photographs.

Methods
This study was approved by the Massachusetts Eye and

Ear Institutional Review Board.

Research facility and survey tool
A computer-based health utility questionnaire was devel-

oped in REDCap27 and administered at the Harvard Deci-

sion Science Laboratory (HDSL; Harvard University,

Cambridge, MA). A group of trained research assistants

was available on site to provide experimental assistance

to participants during survey sessions.

Study participants
Over a 5-month enrollment period, adult volunteers in the

HDSL-managed participant pool were invited to enroll

in this study through an online advertisement. All volun-

teers signed an electronic informed consent form before

study commencement. Participants completed a question-

naire that involved rating the utility of four health states:

monocular blindness, binocular blindness, hypertrophic

facial PWS, and laser-treated facial PWS followed by

an anonymous demographic survey. The order of health

state descriptions was randomized to limit response-shift

bias. Participant responses were captured and recorded

in the REDCap database hosted behind a secure firewall.

Health state narratives
Health state descriptions of hypertrophic facial PWS and

laser-treated facial PWS were constructed based on clini-

cal experiences of patients treated at Massachusetts Eye

and Ear and expert opinion (O.T.T.). Monocular and

binocular blindness health states were included as internal

controls to assess individual comprehension and risk toler-

ance. Clinical narratives were limited to 60 words or fewer

to limit respondent fatigue. Each narrative was accompa-

nied by a single image of either a blindness or PWS health

state (Fig. 1) to limit repeated measures effect.

The hypertrophic facial PWS narrative depicted a 46-

year-old man with an untreated nodular PWS distributed

in the right maxillary nerve dermatome. The lesion in-

volved the right cheek, temple, eyelids, upper lip, nose,

and pinna. The patient reported several prior episodes of

spontaneous ulceration and hemorrhage. His case was

chosen to illustrate the natural evolution of a facial PWS

left untreated by the fifth decade of life (Fig. 1A).

The laser-treated facial PWS narrative depicted a 36-

year-old woman with a lightened PWS on the left side

of her face, distributed in the left maxillary dermatome

involving the temple, eyelids, upper lip, and nose. This

patient received 90 dual-laser treatments averaging one

treatment every 2 months between the ages of 15 and

36 years. Her case was chosen to illustrate the typical

ability of a combination of PDL (595 nm) and alexandrite

(755 nm) laser treatments to reduce the PWS lesion se-

verity over time (Fig. 1B).

KEY POINTS

Question: How does society evaluate the health utility of
hypertrophic facial port-wine stain (PWS) and laser-treated
facial PWS?

Findings: In this prospective observational study of 262 naı̈ve
observers, the health utility of hypertrophic facial PWS was
significantly reduced and approached scores of monocular
blindness. Laser-treated facial PWS had significantly higher
health utility scores across visual analogue scale, standard
gamble, and time trade-off measures compared to that of
the hypertrophic facial PWS state.

Meaning: Health utility assessment may be a useful objective
measure to inform society of the perceived burden of hypertro-
phic facial PWS and the advantages of laser treatment.
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The pictorial supplements for monocular blindness and

binocular blindness are shown in Figure 1C and D. These

supplements have becomestandardvisual aids todepict mon-

ocular and binocular blindness in health utility studies.28,29

Health state utility assessment
Health utilities were measured using standard and widely

employed VAS, SG, and TTO measures.30 Participants

were asked to imagine themselves as the described pa-

tients in each health state, as has been done for numerous

published health utility studies.28,29,31,32

The VAS component was administered according to

previously published practices,28,29,31,32 consisting of a

continuous sliding scale with death and perfect health an-

chored at opposite ends (see Supplementary Data—Top

Frame Figure, which illustrates the VAS). In this method,

participants were asked to rate their perceived health in

the given state using a sliding bar scale, consisting of

1-point increments between 0 (death) and 100 (perfect

health). The following formula was used to calculate

the VAS score: VAS/100.

The SG component was assessed by asking partici-

pants to imagine themselves in the given health state

and choose either to remain in that health state or take

a chance in choosing treatment that held some probability

of failure (death) and some probability of success (perfect

health) (see Supplementary Data—Middle Frame Figure,

which illustrates the SG technique). A six-level iterative

ping-pong method was employed in which the risk of tak-

ing treatment varied from 1% to 97.81%, whereas the

corresponding chance of survival varied from 99% to

2.19%, respectively. An asymmetric titration search rou-

tine generated up to six different iterations of risk-taking

scenarios until a final inflection point of accepted risk was

found. The following formula was used to calculate the

SG score: (100 – percent risk of death at the point of in-

difference)/100.

In the TTO component, participants were asked to

choose between ‘‘trading off’’ a certain number of years

of life to live in perfect health or to live a specific number

of years in the described health state (see Supplementary

Data—Bottom Frame Figure, which illustrates the TTO

Fig. 1. (A) Hypertrophic
facial PWS health state.
Imagine yourself like George.
George has a facial birthmark
on one side of his face, as
shown in the picture. (B) Laser-
treated facial PWS health state.
Imagine yourself like Sarah.
Sarah was born with a
birthmark on the left side of
her face. She undergoes
regular treatment to clear the
birthmark. The treatment
involves laser therapy to her
left face for 20 minutes every 2
months. The procedure is
moderately painful. Look at
the photograph to see what
Sarah looks like now. (C)
Monocular blindness health
state. Imagine yourself like
Paul. Paul is completely blind
in one eye. His peripheral
vision is limited on that side. It
is difficult for him to judge
distances. (D) Binocular
blindness health state.
Imagine yourself like Eric. Eric
is completely blind in both
eyes. He cannot see anything.
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technique). In each health state scenario, 36 years of life

was designated as the fixed time horizon, which correlated

with average life expectancy (*80 years) and the develop-

ment of localized hypertrophy and nodularity in facial

PWS patients by the fifth decade of life.33 In a manner sim-

ilar to the SG method, a six-level iterative ping-pong

method was employed in which years traded-off varied

from 1 to 35.81, whereas corresponding years kept in a

state of perfect health varied from 35 to 0.19 until an indif-

ference point was found. The following formula was used

to calculate the TTO score: (36 years – number of years

traded off at the point of indifference)/36 years.

Statistical analysis
Utility scores were normalized to a standardized utility

scale ranging from 0 (death) to 1 (perfect health) and

assessed for normality and homogeneity using the Shapiro–

Wilk test and Levene statistic, respectively. Responses in

which a participant rated monocular blindness as having

a higher utility than binocular blindness across one or

more of VAS, SG, or TTO measures, or provided identi-

cal utility ratings across all health state scenarios, were

excluded from analysis. Means and standard deviations

(SDs) of VAS, SG, and TTO scores were calculated and

one-way analysis of variance (ANOVA) with post hoc

pairwise comparison using Scheffe’s method was used

for intergroup comparisons.

Simple linear regression and ANOVA models were

employed to assess univariate associations between ob-

server demographic variables (e.g., age, gender, race/

ethnicity, income, education, and marital status) and

each of the utility scores (VAS, SG, and TTO) for the

different health states. Multivariable linear regression

models were then used to determine which demographic

variables remained significant predictors of utility scores

while adjusting for other variables. To adequately control

for the balance of variables and avoid significant multicol-

linearity issues, a stepwise regression approach was used

to optimally add or remove variables ( p < 0.05 for addi-

tion, p > 0.10 for removal) from the models. Regression

models were checked for multicollinearity and violations

of model assumptions by examining variance inflation fac-

tors and residual plots, respectively. All tests were per-

formed using IBM SPSS Statistics commercial software

(v25; IBM Corp., Armonk, NY), with significance level

(a) set at 0.05 (two-tailed) with Bonferroni correction.

Results
Demographics
During a 5-month enrollment period, 327 volunteers were

recruited and completed the survey at the HDSL. Of the

327 sets of individual responses, surveys from 262 partic-

ipants (mean [SD] age, 31.6 [13.5] years; 126 women

[48.1%]; 131 men [50.0%]; 5 unknown [1.9%]) met a

priori inclusion criteria and were included in the final

analysis. Sixty-five surveys were excluded given that in-

dividual participants—in ranking binocular blindness as

higher than, or equal to, monocular blindness (on any

one or more of VAS, SG, or TTO measures)—exhibited

failure to comprehend the survey tools. The median

household income distribution of included participants

($50,001–$75,000) was representative of the U.S. popu-

lation,34 while demographics skewed toward younger in-

dividuals with a higher level of education. Demographic

characteristics of study participants are summarized in

Table 1.

Health utility outcomes
Health utility values ranged from 0 (death) to 1 (perfect

health with no facial PWS) and are reported in Table 2.

Mean – SD utility scores (VAS, SG, and TTO) for hyper-

trophic facial PWS (0.71 – 0.24, 0.83 – 0.23, 0.83 – 0.21)

Table 1. Demographic characteristics of study
participants (N = 262)

Characteristic No. (%) of participants

Age, mean – SD 31.6 – 13.5
Gender

Female 126 (48.1)
Male 131 (50.0)
Unknown 5 (1.9)

Race/ethnicity
Caucasian 122 (46.6)
Asian/Pacific Islander 47 (17.9)
African American 28 (10.7)
Mixed race 15 (5.7)
Latino or Hispanic 22 (8.4)
Arab 0 (0.0)
Bangladeshi, Pakistani, Indian 14 (5.3)
Native American/Aleut/Aboriginal 0 (0.0)
Other 7 (2.7)
Decline to answer 7 (2.7)

Education level
Some high school 3 (1.1)
High school diploma or GED 21 (8.0)
Some college 50 (19.1)
Associate’s degree 9 (3.4)
Bachelor’s degree 81 (30.9)
Some graduate school 26 (9.9)
Graduate or professional degree 63 (24.0)
Professional certification 5 (1.9)
Decline to answer 4 (1.5)

Annual household income
<15,000 32 (12.2)
$15,001–$25,000 18 (6.9)
$25,001–$35,000 13 (5.0)
$35,001–$50,000 35 (13.4)
$50,001–$75,000 46 (17.6)
$75,001–$100,000 30 (11.5)
>$100,001 43 (16.4)
Decline to answer 45 (17.2)

Marital status
Single 157 (59.9)
Committed relationship 46 (17.6)
Married 44 (16.8)
Separated 1 (0.4)
Divorced 6 (2.3)
Decline to answer 8 (3.1)

GED, general education development; SD, standard deviation.
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ranked significantly higher (were more favorable) than

scores for binocular blindness (0.51 – 0.26, 0.72 – 0.27,

0.69 – 0.27; p < 0.001, all measures), while approaching

scores for monocular blindness (0.73 – 0.21, 0.86 – 0.21,

0.87 – 0.18). Post hoc comparisons demonstrated that

laser-treated facial PWS (0.87 – 0.16, 0.91 – 0.18, 0.92 –
0.16) significantly improved health utility across VAS,

SG, and TTO measures ( p < 0.001, all measures) when

compared with the hypertrophic facial PWS health state

(Table 3).

Linear regression
Simple linear regression showed no univariate associ-

ations between observer income or marital status and

utility scores (VAS, SG, and TTO) for the hypertrophic

facial PWS health state (Table 4). Thus, observer age,

gender, race/ethnicity (dichotomized into Caucasian

and non-Caucasian cohorts), and education level, all var-

iables significant in simple linear regression analysis,

were entered as predictor variables in a stepwise manner

in the multivariable regression models for VAS, SG, and

TTO scores (Table 5). Observer gender was the only sig-

nificant predictor of the VAS score, with males report-

ing lower scores on this measure (b =�0.060, 95% CI:

�0.118 to �0.002, p = 0.041) than their female counter-

parts. Observer race/ethnicity was a significant predictor

of SG and TTO scores for hypertrophic facial PWS, with

Caucasians reporting higher scores for SG (b = 0.075,

95% CI: 0.019–0.130, p = 0.009) and TTO (b = 0.057,

95% CI: 0.007–0.106, p = 0.025) than their non-Caucasian

counterparts. Finally, level of education showed a nega-

tive correlation with scores for SG (b =�0.221, 95%

CI: �0.373 to �0.068, p = 0.005) and TTO (b =�0.180,

95% CI: �0.316 to �0.045, p = 0.009) for the hypertro-

phic facial PWS state. The models fit the assumptions

of linear regression and variance inflation factors were

low, indicating multicollinearity was insignificant.

Discussion
Facial PWS is a debilitating condition that has significant

functional and psychosocial impact on affected individu-

als. Although prior studies have demonstrated quality-of-

life impairment secondary to facial PWS,35–37 this is the

first study to objectively quantify the utility of hypertro-

phic and laser-treated facial PWS health states among a

convenience sample of community volunteers. One pre-

vious study investigated TTO and willingness to pay

for laser therapy among patients who had already under-

gone treatment for facial PWS, but was limited by a small

sample size and preclusion of VAS and SG methods.38

Thus, the health state burden of hypertrophic facial PWS

and the benefit of laser treatment as assessed from the

public’s perspective remain uninvestigated and highly

relevant. Herein, societal-derived utility of these health

states was measured objectively using standardized and

well-established methods (VAS, SG, and TTO)39,40

among naı̈ve observers.

Several studies have shown that patients’ quality of

life, psychosocial adjustment, and self-esteem are nega-

tively impacted by a facial PWS,35–37,41 with emotional

distress correlating with size and darkness of the PWS,

resulting from progressive dilation of the ectatic vascula-

ture. Our study has demonstrated that a sample of naı̈ve

observers equates the burden of living with hypertrophic

facial PWS (0.71 – 0.24, 0.83 – 0.23, 0.83 – 0.21) to that

of monocular blindness (0.73 – 0.21, 0.86 – 0.21, 0.87 –
0.18), a recognized functional impairment associated

with known utility decrements. Participants were willing

to theoretically undergo treatment that carried a 17%

chance of death and sacrifice 17%, or 6.12 years, of

their remaining 36 years of life to attain perfect health

(e.g., normal facial appearance with no PWS). Based

on these reported health utility scores, hypertrophic facial

PWS is perceived to be comparable with other aestheti-

cally and functionally compromised conditions such as

cleft lip and palate (SG: 0.84; TTO: 0.85)42 and unilateral

microtia with deafness (SG: 0.86; TTO: 0.83),43 but less

burdensome than unilateral flaccid facial palsy (SG: 0.79;

TTO: 0.78),31 including flaccid facial palsy (SG: 0.71;

TTO: 0.72) and postparalytic facial synkinesis (SG:

0.75; TTO: 0.74).28

Table 2. Health utility outcome scores (N = 262)

Health utility scoresa

Method
Monocular
blindness

Binocular
blindness

Hypertrophic
facial PWS

Laser-
treated

facial PWS pb

VAS 0.73 – 0.21 0.51 – 0.26 0.71 – 0.24 0.87 – 0.16 <0.001
SG 0.86 – 0.21 0.72 – 0.27 0.83 – 0.23 0.91 – 0.18 <0.001
TTO 0.87 – 0.18 0.69 – 0.27 0.83 – 0.21 0.92 – 0.16 <0.001

aValues are reported as mean – SD.
bOne-way ANOVA (bold indicates significant at a = 0.05).
ANOVA, analysis of variance; PWS, port-wine stain; SG, standard gam-

ble; TTO, time trade-off; VAS, visual analogue scale.

Table 3. Post hoc pairwise comparisons between health
utility states

Health utility compared with hypertrophic facial PWS

Comparison health state Method Mean difference (95% CI) pa

Monocular blindness VAS +0.02 (�0.04 to 0.08) 0.912
SG +0.03 (�0.02 to 0.09) 0.613
TTO +0.04 (�0.01 to 0.09) 0.381

Binocular blindness VAS �0.20 (�0.25 to �0.14) <0.001
SG �0.11 (�0.17 to �0.06) <0.001
TTO �0.14 (�0.19 to �0.09) <0.001

Laser-treated facial PWS VAS +0.16 (0.11 to 0.22) <0.001
SG +0.09 (0.03 to 0.14) <0.001
TTO +0.09 (0.04 to 0.15) <0.001

aPost hoc Scheffe test for pairwise comparisons (bold indicates signifi-
cant at a = 0.05).
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The significantly higher utility scores reported for the

laser-treated facial PWS state than those reported for

the hypertrophic facial PWS state (VAS: +0.16; SG:

+0.09; TTO: +0.09; p < 0.001 all measures) lend support

to the societal benefit of laser treatment over observation in

this disease. Assuming laser treatment increases the utility

state of hypertrophic facial PWS by 0.09 over a remaining

average life expectancy of 36 years, it would comprise a

gain of 3.24 QALYs. Using a cost-effectiveness threshold

of $100,000 per QALY,44 laser treatment of hypertrophic

facial PWS would be cost-effective at $324,000, assum-

ing treatment achieved 100% blanching results without

adverse complications. Although not a formal cost-

effectiveness study, there is value in applying these

findings toward understanding how the general U.S. popu-

lation perceives and valuates the effectiveness of laser

treatment in lessening the burden of facial PWSs.

This study possesses significant limitations. Most im-

portantly, clinical vignettes comprised different adult pa-

tient examples for each health state, which may limit the

generalizability of our results to a wide spectrum of facial

PWS patients. Although effort was made to minimize po-

tential confounders through selection of a common race,

defect size, and location, the latter of which are known to

naturally influence observer perceptions and ratings of

facial stimuli,45 factors such as age, race, gender, and

perceived attractiveness were not accounted for. Patient

positioning, expression, lighting, and inclusion of both

sides of the face were not standardized, nor were a series

of demographically balanced photograph pairs employed,

which would have yielded better representation of the

treated and untreated health states. The fact that the two

PWS viewpoints demonstrate pathology on opposite

sides of the face, and that only the right face is shown

in the untreated scenario, introduced another important

confounder since research supports that the left and

right facial hemispheres may be perceived differently.

Other weaknesses include the fact that, although study

participants represent a socioeconomically diverse sam-

pling of the U.S. population, our sample was largely com-

prised of younger, highly educated individuals recruited in

a single city, which is not representative of the whole of

society. Herein, only societal preferences were assessed,

which may differ from patient-assessed utilities of various

PWS disease states. Prospective studies are currently un-

derway to gain deeper insight into how facial PWS patients

valuate the impact of their disease.

Furthermore, the ‘‘ideal’’ study design would be to

include the same patient—before and after laser

treatments—to eliminate all of the aforementioned vari-

ables. However, most patients with access to laser ther-

apy begin treatments in infancy, and the only mature

nodular birthmarks are those wherein patients have not

had access to laser and surgical therapies. Laser treat-

ments are also delivered over decades, and not all PWSsT
a
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develop morphologically at the same rate, nor do all de-

velop mature nodular lesions.

The final VAS, SG, and TTO multivariable models

explained only 3.6%, 6.1%, and 4.8% of the observed

variance between demographic factors, respectively, sug-

gesting that disfigurement of hypertrophic facial PWS

was universally perceived as similar across disparate de-

mographic groups in this study. In future research, ran-

dom selection of multiple patients with varying degrees

of facial PWS could be employed to control for inherent

sources of variance within this dermatological condition.

Furthermore, although this study’s findings provide in-

sight into the societal-perceived burden of untreated

and laser-treated hypertrophic facial PWS states and

have a high potential for use in health economic evalua-

tions, readers should assess the suitability of applying our

findings to their own population.

Conclusions
Societal health utility evaluation of hypertrophic facial

PWS appears similar to that of monocular blindness,

with observers willing to sacrifice 6.12 years of remain-

ing life, or undergo treatment carrying a 17% chance of

death, to reverse the condition. Laser-treated facial PWS

demonstrates significantly higher naı̈ve-observer assessed

utility in comparison with a hypertrophic facial PWS

state. Future studies are required to verify this prelim-

inary finding in a larger sample of treated and untreated

states, using standardized views, photographic lighting

conditions, and same sidedness. It will also be impor-

tant to further clarify the burden of varying manifesta-

tions of facial PWSs and cost-effectiveness of available

therapies.
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