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ABSTRACT

Introduction: Although pulsed dye laser (PDL)
remains the gold standard for the treatment of
port-wine stains (PWS), hematoporphyrin
monomethyl ether photodynamic therapy
(HMME-PDT) is another treatment modality
that has been shown to be effective in the
treatment of PWS. This study aimed to observe
the clinical efficacy and therapeutic response of
HMME-PDT in the treatment of pediatric Chi-
nese patients with PWS and to analyze the
association between the efficacy of therapy and
the dermoscopic features of PWS.

Methods: Pediatric patients with PWS and
negative HMME skin test were enrolled between
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December 2017 and May 2021. Patients
received an intravenous injection of 5 mg/kg
HMME, and lesions were irradiated with
532-nm LED green light with a power density of
70-80 mW/cm? for 20-25min. Digital pho-
tographs and dermoscopic images were taken
before and after two treatment sessions, and the
clinical response was observed. The relationship
between the efficacy of HMME-PDT and the
dermoscopic features of PWS was retrospec-
tively analyzed.

Results: A total of 216 pediatric patients
(1-14 years) were recruited. Sixty-six patients
had the pink type, while 150 had the purple
type. After two HMME-PDT sessions, 55 patients
showed excellent efficacy (25.46%), 77 patients
showed good efficacy (35.65%), 69 patients
showed fair efficacy (31.94%), and 15 patients
showed no improvement (6.95%). Dotted and
globular vessels were highly associated with
excellent efficacy (41.82%); linear vessels were
mainly associated with good efficacy (54.55%);
reticular vessels were mainly associated with fair
(5§5.07%) and mixed vessels were mainly asso-
ciated with no improvement (26.66%).
Conclusion: HMME-PDT is an effective and safe
treatment for pediatric patients with PWS.
Dotted and globular vessels as well as linear
vessels showed better efficacy compared to the
other dermoscopic patterns in patients with
PWS. Dermoscopy can provide useful clinical
information about treatment outcomes.
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Key Summary Points

Why carry out this study?

Little is known about the efficacy of
HMME-PDT in pediatric patient with PWS

The main purpose of this study was to
evaluate the efficacy of HMME-PDT in
pediatric Chinese patients and analyze the
relationship between dermoscopic
features of PWS and treatment outcome

What was learned from the study?

HMME-PDT is an effective and safe
treatment modality for pediatric patients
with PWS

Some dermoscopic features were
associated with better treatment outcome

INTRODUCTION

Port-wine stains (PWS) are a subtype of low-flow
congenital capillary malformations that occur
at birth and affect < 1% of children. PWS grow
and become darker in color with age. In some
cases, they may present with varying degrees of
disfigurement as a result of local tissue hyper-
trophy [1]. The distribution of PWS is usually
unilateral and dermatomal; however, midline
involvement is also seen [2]. PWS vary in size,
location, color and thickness and are mainly
classified into pink or red flat, purple flat, or
nodular lesions [3]. About 75-85% of these
lesions occur on the face and neck, which cau-
ses social-psychological problems for patients
and their families [4]. In general, PWS have a
benign clinical course, with the exception of
cases with Sturge-Weber syndrome [1]. To date,
PDL remains the gold standard for the treat-
ment of PWS; however, up to 20% of PWS are
hardly lightened with PDL [2, 5]. Photodynamic

therapy (PDT) is an alternative, promising
treatment modality for PWS, which was first
applied to treat PWS by Gu Ying et al. in China
in 1991 [6]. Several studies have reported the
response rate of PDT in different types of PWS
and age groups [7-10]. This therapy is based on
a photochemical interaction among the pho-
tosensitizer, light and oxygen in the target tis-
sue leading to apoptosis and endothelial
destruction [11]. HMME is a new photosensi-
tizer characterized by strong fluorescence and
shorter post-treatment photosensitivity com-
pared with first-generation photosensitizers;
therefore, it has been the photosensitizer of
choice for PDT [7, 12]. Ultrasound imaging has
been used to diagnose and evaluate diseases of
the skin and its appendages [13]; for instance,
Khalaf et al. [14] recently reported that high-
frequency ultrasound can evaluate the clinical
efficacy of HMME photodynamic therapy. Der-
moscopy, on the other hand, is another non-
invasive, effective tool that can improve the

Table 1 Patient characteristics (z = 216)

Characteristics Value, 7 (%)
Female 118 (54.63)
Male 98 (45.37)
Location of PWS§
Face 180 (83.33)
Neck 14 (6.48)
Arm or leg 22 (10.19)
Type of PWS
Pink type 66 (30.56)
Purple type 150 (69.44)
Age at initial start therapy
1-3 84 (38.88)
3-6 47 (21.76)
6-9 33 (15.28)
9-12 29 (13.43)
12-14 23 (10.65)
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Table 2 Different characteristics of PWS and the efficacy of HMME-PDT
Variables Cases  Excellent  Good Fair No improvement  x’/Fisher P value
n (%) n (%) n (%) n (%)
Gender 1.620 0.655
Female 118 30 (25.42) 46 (38.98) 35 (29.66) 7 (5.94)
Male 98 25 (25.51) 31 (31.63) 34 (3469) 8 (8.17)
Age 20.293 0.062
1-3 84 9 (22.62) 37 (44.05) 22 (26.19) 6 (7.14)
3-6 47 13 (27.66) 19 (40.43) 12 (25.53) 3 (6.38)
6-9 33 12 (3636)  9(2727)  11(33.33) 1 (3.04)
9-12 29 4(1379)  8(2759) 16 (55.17) 1 (345)
12-14 23 7 (30.43) 4 (17.39) 8 (34.79) 4 (17.39)
Type 23.585 0.000
Pink 66 27 (40.91) 26 (39.39) 8 (12.12) 5 (7.58)
Purple 150 28 (18.67) 51 (34.00) 61 (40.67) 10 (6.66)
Location of PWS 29.076 0.000
Face 180 51(28.33) 65 (36.11) 56 (3L.11) 8 (4.45)
\%! 43 36 (83.72) 4 (9.30) 3 (6.98) 0 (0.00)
V2 39 6 (1538) 24 (61.54) 8(2052) 1 (2.56)
V3 51 7 (1373) 33 (6470) 10 (19.61) 1 (1.96)
Centra 47 2 (4.26) 4 (8.51) 35 (7447) 6 (12.76)
Arm or leg 22 0 (0.00) 4 (18.18) 1 (50.00) 7 (31.82)
Neck 14 4 (28.57) 8 (57.14) 2 (14.29) 0 (0.00)
Size 45.442 0.000
< 5cm” 45 19 (13.33) 12 (16.67) 12 (63.33) 2 (6.67)
>Sto<10em® 134 36 (8.57) 59 (20.00) 32 (65.71) 7 (5.71)
> 10 cm? 37 0 6 (1429)  25(7129) 6 (14.29)

diagnosis of vascular skin lesions and improve
the clinical assessment of PWS by determining
the depth of ectasia, which can help predict the
outcome of treatment [15-17]. Several studies
reported the association between dermoscopic
features and the efficacy of PDL [18, 19]. In
contrast, relatively little is known about the
association between dermoscopic features of

PWS and the efficacy of HMME-PDT. We
therefore evaluated the efficacy of HMME-PDT
in the treatment of PWS in pediatric patients
and analyzed the correlation between the der-
moscopy vascular pattern of PWS lesions and
treatment outcome.
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Table 3 Dermoscopic features of port-wine stains

Variables Dots or Sausage-like Linear vessels Reticular Mixed White Whitish
globules vessels vessels vessels circles veil
n (%) n (%) n (%) n (%) n (%) n (%)
Total 31/216 (1435)  2/216 (0.93) 84/216 79/216 (3657)  7/216 (329)  4/216 (1.85) 9/216
(38.89) (4.12)
Pink 21/66 (31.82)  0/66 (0.00) 13/66 (19.70)  24/66 (3636)  5/66 (7.58)  3/66 (454)  0/66 (0.00)
Purple 10/150 (6.67)  2/150 (1.33) 71/150 55/150 (36.67)  2/150 (1.33)  1/150 (0.67)  9/150
(47.33) (6.00)
23.588 14.730 0.002 3.879 1.960 0.766
P values 0.000 1.000 0.000 0966 0.049 0.162 0.096
Age (years)
1-3 17/84 (2024)  0/84 (0.00) 39/84 (46.43) 20/84 (23.81)  2/84 (238)  2/84(2.38)  4/84 (476)
3-6 4/47 (8.51) 0/47 (0.00) 15/47 (31.91)  23/47 (48.94)  0/47 (0.00)  2/47 (426)  3/47 (6.38)
6-9 3/33 (9.09) 0/33 (0.00) 9/33 (2727)  19/33 (57.58)  1/33 (3.03)  0/33 (0.00)  1/33 (3.03)
9-12 1/29 (3.45) 1/29 (3.45) 11/29 (37.93) 16/29 (55.17)  0/29 (0.00)  0/29 (0.00)  0/29 (0.00)
12-14 6/23 (26.08) 1/23 (435) 10/23 (4348)  1/23 (4.35) 4/23 (1739)  0/23 (0.00)  1/23 (435)
U 1.323 3.901 1273 2.291 3.525 1249 0.539
P values 0250 0.048 0259 0.130 0.060 0.264 0.463
Location of PWS
Face 26/180 (1444)  1/180 (0.56) 71/180 70/180 (38.89)  3/180 (1.67) 4/180 (2.22) 5/180
(39.44) (2.78)
V1 9 (34.62) 0 (0.00) 11 (15.49) 21 (30.00) 1(3333) 0 (0.00) 1 (20.00)
V2 6 (23.08) 1 (100.00) 16 (22.54) 11 (15.71) 1 (33.33) 2 (50.00) 2 (40.00)
V3 9 (34.61) 0 (0.00) 24 (33.80) 16 (22.86) 0 (0.00) 0 (0.00) 2 (40.00)
Centra 2 (7.69) 0 (0.00) 20 (28.17) 22 (3143) 1(3333) 2 (50.00) 0 (0.00)
Non-facial
Arm o leg 0/22 (0.00) 1/22 (455) 5/22(2273)  9/22 (4091)  4/22 (1818)  0/22 (0.00)  3/22
(13.63)
Neck 5/14 (35.71) 0/14 (0.00) 8/14 (57.14)  0/14 (0.00) 0/14 (0.00)  0/14 (0.00)  1/14 (7.15)
0.008 0.140 2.495 5788 3.339
P values (facial vs non- 0931 0.306 0.708 0.114 0.016 1.000 0.068
facial)
METHODS treatment for PWS in the previous 4 weeks were

Study and Patients

Between December 2017 and May 2020, pedi-
atric patients with PWS who had normal renal
and hepatic function and no prior treatment
with laser, PDT, isotopes, topical or systemic

enrolled in this study [20]. Written informed
consent was obtained from the patients’ parents
or legal guardians before treatment. All inclu-
ded participants had skin type III-IV on the
Fitzpatrick Phototype Scale. Patients with
known allergy to HMME or its chemical ingre-
dients, scar diathesis and severe hepatic or renal
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Fig. 1 a Linear vessels pattern with excellent treatment
efficacy after two sessions of HMME-PDT. al-a2 Digital
photographs; a3-a4 dermoscopic images (pre- and post-
treatment). b Linear vessel pattern on patient’s arm

insufficiency were considered ineligible. This
study was approved by The Ethics Committee of
the First Affiliated Hospital of Guangxi Medical
University (015) and was conducted in accor-
dance with the Helsinki Declaration.

Dermoscopy and Clinical Images of PWS
Lesions

Patients received two sessions of HMME-PDT,
with a 2-month interval. Images were taken
before and after each treatment with a digital
camera (Canon EOS 700D, Japan), using a fixed
light source, position and camera parameters.
The dermoscopic images of PWS were obtained
before and after each HMME-PDT session using
one of the following systems: (1) Nanjing
Beining Medical Appliance Co., Ltd; (2) The
Design Development Production and Service of
Skin and Hair Visualizer BN-PFMF-8001. The
dermoscopic images were taken from the most
clinically relevant lesion, and in case of multi-
ple facial lesions, the largest lesion was selected.
Dermoscopic images were captured from dif-
ferent parts of the treatment area, and the

associated with no improvement in treatment after two
sessions of HMME-PDT; b1-b2 digital photographs;

b3-b4 dermoscopic images (pre- and post-treatment)

images were evaluated by three blinded derma-
tologists. The dermoscopic features were divi-
ded into (1) vascular morphology with dots or
globular vessels, sausage-like vessels, linear ves-
sels, reticular vessels and mixed vessels; (2)
nonvascular morphology with white circles and
a whitish veil [17].

HMME-PDT Procedure

All patients received HMME-PDT as previously
described [20]. Briefly, the dosage of photosen-
sitizer was calculated (5 mg/kg), and the sur-
rounding normal skin was covered with two
layers of black fabric. After general anesthesia,
patients received a slow injection of hemo-
porfin (Shanghai Fudan Zhangjiang Bio-Phar-
maceutical Co. Ltd., Shanghai, China) via a
venous pump for 10 min. The lesions were then
irradiated with 532-nm LED green light (Wuhan
YaGe LED-3 modified machine, Wuhan YaGe
Photoelectric Technology Co., Ltd.) at a power
density of 70-80 mW/cm? for 20-25 min. The
irradiation dose and time were selected accord-
ing to the location and type of PWS.
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Fig. 2 a Reticular vessels pattern with good efficacy after
two sessions of HMME-PDT; al-a2 digital photographs;
a3-a4 dermoscopic images (pre- and post-treatment).

b Reticular vessel pattern with fair efficacy after two
sessions of HMME-PDT; bl-b2 digital photographs;
b3-b4 dermoscopic images (pre- and post-treatment)

Post-treatment Care and Follow-Up

Immediately after treatment, a cold ice pack was
applied to the treated area. Mild topical corti-
costeroid cream was precribed for 3-7 days, and
parents/guardians were advised to have the
children avoid strong light and sun exposure
and to use sunscreen for at least 14 days after
treatment. Follow-up was performed via an
online messaging platform where par-
ents/guardians could report any post-treatment
reactions, such as burning sensation, pain,
pruritus, numbness, edema, purpura, blistering,
crusting, hyperpigmentation and hypopigmen-
tation at the treatment site. Laboratory tests
were also performed at baseline and every
month for 3 months to monitor adverse events.
Patients were scheduled for a general evaluation
every 3 months for at least 1 year.

Clinical Efficacy Evaluation

After two treatment sessions, three blinded
dermatologists independently reviewed the
clinical and dermoscopic images before and
after treatment. According to the degree of color
blanching from baseline, efficacy was assessed

as follows: excellent efficacy: the color had
almost or completely faded (> 90% improve-
ment); good efficacy: the color had significantly
faded (> 60% to < 90% improvement); fair: the
color had partially faded (> 20% to < 60%
improvement); no improvement: the color was
mostly unchanged (<20% improvement)
(20, 21].

Statistical Analysis

SPSS22.0 statistical software was used for data
analysis. The 4 test and Fisher’s exact test were
used to compare response rates between groups.
Descriptive statistics were used to analyze the
median age and interquartile range of cases. The
Mann-Whitney U test was used to compare
mean age between groups. P < 0.05 was con-
sidered statistically significant.

RESULTS

Patients

A total of 216 pediatric patients with an average
age of 6.97 (1-14) years were included in the
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Fig. 3 Globular vessel pattern associated with excellent efficacy after two sessions of HMME-PDT; a, b digital photographs;

¢, d dermoscopic (pre- and post-treatment)

study; 54.63% of them were female (118/216).
Based on clinical examination of the lesion,
PWS were of flat purple and pink type (150 and
66 patients, respectively) (Table 1); 83.33% of
the lesions were on the face (180 patients),
including 43 on the first branch of the trigem-
inal nerve (V1), 39 on the second branch (V2),
51 on the third branch (V3) and 47 in the center
of the face (upper eyelid, medial side of the
cheek, nose, chin and upper cutaneous lip).
Twenty-two patients had lesions on the arms or
legs, and 14 had lesions on the neck. Most
patients had lesions 5-10cm? in size (134
patients) (Table 2).

Clinical Efficacy

After two HMME-PDT sessions, 55 showed
excellent efficacy (25.46%), 77 showed good
efficacy (35.65%), 69 showed fair efficacy
(6.95%)

(31.94%), and 15 showed no

improvement. Purple-type lesions showed bet-
ter overall efficacy than pink-type lesions
(P <0). There was no significant difference
between treatment response and patient sex
(P =0.655) or with age (P =0.062). However,
there was a significant difference between the
site of the lesion and efficacy. Lesions on the
face and neck responded better than those on
the extremities (P < 0). While excellent efficacy
was more likely to be observed in PWS on the
first branch of the trigeminal nerve (V1:
83.72%), good efficacy was seen more in PWS
on the third branch of the trigeminal nerve (V3:
64.70%). Most lesions located on the center of
the face showed fair response (74.47%)
(Table 2).

Dermoscopic Features

Linear vessels were the most common vascular
pattern seen in the PWS lesions [n =84

Fig. 4 Whitish veil pattern associated with no improvement after two sessions of HMME-PDT; a, b digital photographs; c,

d dermoscopic images (pre- and post-treatment)
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Fig. S Mixed vessels pattern associated with no improvement after two sessions of HMME-PDT; a, b digital photographs;

¢, d dermoscopic images (pre- and post-treatment)

Fig. 6 White circles pattern associated with good after
d dermoscopic images (pre- and post-treatment)

two sessions of HMME-PDT; a, b digital photographs; c,

Fig. 7 Sausage-like vessels pattern associated with fair treatment after two sessions of HMME-PDT; a, b digital
photographs; ¢, d dermoscopic images (pre- and post-treatment)

(38.89%)], followed by reticular vessels in 79
cases (36.57%), dots or globules vessels in 31
(14.35%), whitish veil in 9 (4.12%), mixed ves-
sels in 7 (3.29%) and white circles vessels in 4
(1.85%), and 0.93% had sausage-like vessels
(n = 2) (Table 3).

In the 84 lesions with linear vessels, 17 cases
showed excellent efficacy (shown in Fig. 1a),

good efficacy in 42 cases, fair efficacy in 22 cases
and no improvement in 3 cases (shown in
Fig. 1b). Among the 79 lesions with reticular
vessels, 14 cases showed excellent efficacy, 21
cases showed good efficacy (shown in Fig. 2a),
38 cases showed fair (shown in Fig. 2b), and 6
cases showed no improvement. Of the 31
lesions with dotted and globular vessels, 23
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Table 4 The relationship between the dermoscopy pattern and the efficacy of HMME-PDT
Efficacy Dots or Sausage-like Linear Reticular Mixed White Whitish
globules vessels vessels vessels vessels circles veil
n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Excellent 23/55 (41.82)  0/55 (0.00) 17/55 14/55 (25.45) 0/55 (0.00) 0/55 (0.00) 1/55
(30.91) (1.82)
Good 8/77 (1039)  0/77 (0.00) 42/77 21/77 (2727) 1/77 (1.30) 1/77 (1.30) 4/77
(54.55) (5.19)
Fair 0/69 (0.00)  1/69 (1.45) 22/69 38/69 (55.07) 2/69 (2.90) 3/69 (435) 3/69
(31.88) (435)
No 0/15 (0.00)  1/15 (6.67) 3/15 6/15 (40.00)  4/15 0/15 (0.00) 1/15
improvement (20.00) (26.66) (6.67)
Fisher 77485
P values 0.000
cases showed excellent efficacy (shown in Fig. 3) DISCUSSION

and 8 cases showed good efficacy. For the nine
lesions with a whitish veil, one case showed
excellent efficacy, four showed good efficacy,
three showed fair, and one showed no
improvement (shown in Fig. 4). Also, one case
of the mixed vessels pattern showed good effi-
cacy, two had fair efficacy, and four had no
improvement (shown in Fig. 5). Of the lesions
with white circles, one showed good efficacy
(shown in Fig. 6), whereas three showed fair
efficacy. For the remaining two lesions with
sausage-like vessels, one case showed fair
(shown in Fig. 7) and one showed no improve-
ment (Table 4).

Post-treatment Side Effects

All patients reported varying degrees of mild
edema. Thirty-nine patients had pruritus, pus-
tules and crusts. One patient had scar forma-
tion. No other local or systemic side effects were
observed.

We retrospectively analyzed the efficacy of
HMME-PDT in a large group of pediatric
patients. The treatment was shown to be an
effective and safe modality in children with
minimal or no side effects. We observed an
overall high excellent and good response rate
(25.46% and 35.65%, respectively), consistent
with previous studies on the same age group
[10, 11, 22]. We did not observe statistical dif-
ferences between sex groups or age and
response to treatment. However, there was a
significant difference among lesion site, size
and therapeutic response (P = 0). Lesions loca-
ted on the face and neck appeared to respond
better to HMME-PDT than lesions on the
extremities. In addition, PWS on the first
branch of the trigeminal nerve (V1) were asso-
ciated with a significantly higher response than
lesions located on the second and third bran-
ches (V2); these results were similar to those
previously reported [8, 23].

In our study, we generally observed minimal
or no post-treatment reactions, as most patients
experienced pain, pruritus and edema of vary-
ing degrees that resolved with general
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management. Of the 39 patients who experi-
enced crust formation, only 1 healed with a
scar. Fortunately, we did not observe post-
treatment hypo- or hyperpigmentation.

Currently, the dermoscopic features of PWS
include: mixed vessels, blobs and rings, sausage-
like vessels, dots or globules vessels, curved
vessels, short clubbed vessels, linear vessels,
whitish veil, reticular vessels, white circles and
thin long parallel vessels [17]. Seven dermo-
scopic features were noted in our study. Linear
vessels were the most frequently observed der-
moscopic feature, followed by reticular vessels,
dots or globules vessels, whitish veil, mixed
vessels and sausage-like vessels.

The dermoscopic features of dot or globule
vessels (also known as type I) represent vertical
capillaries located superficially in the papillary
dermis and are associated with a strong
response to laser treatment compared with
other patterns [15, 24, 25]. In our study, most
dots or globule vessels were seen in the facial
lesion and were associated with high excellent
and good response. Similar results have been
reported in previous studies [26, 27].

The sausage-like vessels are considered to be
superficially located vessels similar to those of
dots or globules and response well to laser
treatment [28]; however, this pattern was
observed in only two cases and was associated
with fair or no improvement.

Linear and reticular vessels (also known as
type II) were the most common vascular pattern
found in our study. Although they are consid-
ered deeply located vessels and more difficult to
treat than those of dot or globules pattern [18],
interestingly, they were associated with excel-
lent and good response in the current study.
Furthermore, fair response (> 20% to < 60%
improvement) was also common in these two
vascular patterns. Contrarily, these two patterns
showed lower response rates to HMME-PDT in
previous reports [26, 27]. However, this could be
due to the small number of patients in other
dermoscopic patterns. We also hypothesize that
the vessels of younger patients are more super-
ficial and more easily destroyed, especially since
most patients with linear vessels (39 of 84) were
young children aged 1-3 years. It is therefore

recommended that treatment be started at an
early age.

Mixed vessels (also known as type III) are
associated with poor response to laser treatment
compared with the above patterns [25, 29]. This
pattern was observed in only seven patients in
our study, five of whom had pink type and had
fair or no response to treatment.

White circles and whitish veils are nonvas-
cular dermoscopic features observed in our
study. Whitish veil was observed in nine
patients with purple type and white circles in
four patients, three of whom had pink type.
Although these patterns usually predict poor
response to laser treatment [19], notably, both
patterns showed good and fair response, and
one case with a whitish veil showed excellent
response to HMME-PDT. We observed a signifi-
cant difference in the treatment outcome
between the different patterns of dermoscopic
features of PWS with P = 0.000 (Table 4); how-
ever, this might be due to the small sample size
in some dermoscopic patterns.

Our study has some notable limitations. One
is that the dermoscopic images in our study
were taken from the most clinically relevant
lesion, which could lead to possible dermo-
scopic misclassification, especially because a
single lesion may sometimes have different
dermoscopic features. In addition, this is a ret-
rospective study that lacks objective assessment
tools, which is the main limitation of our study.
Therefore, the use of objective instruments such
as the chromameter is needed in future
prospective studies with larger sample sizes.

CONCLUSION

Notwithstanding its limitations, our study sug-
gests that HMME-PDT is a safe and effective
treatment for PWS in pediatric patients and
provided further evidence that dermoscopy is
no longer exclusively used for malignant skin
tumors but is also of great benefit in benign and
inflammatory pathologies. In addition, der-
moscopy can be used as a monitoring tool for
dermatologic treatments, especially physical-
type treatments. However, it should be evalu-
ated with multivariate analysis, as other factors
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such as lesion location and thickness could also
influence therapeutic outcomes. HMME-PDT
showed an overall good to fair response in all
dermoscopic patterns observed in our study. In
addition, V1 involvement and dermoscopic
pattern of dots or globules are indicators of
favorable treatment outcome.
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