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Purpose: The aim of this study was to assess the efficacy of platelet-rich plasma (PRP) vs
combined fractional CO, (Fr: CO,) laser with PRP in the treatment of stable nonsegmental
vitiligo (NSV) lesions.

Patients and methods: This prospective, randomized, intrapatient, comparative controlled
study was conducted between June 2014 and June 2016 at National Institute of Laser Enhanced
Sciences (NILES), Cairo University, Cairo, Egypt. Thirty NSV patients were treated with PRP,
Fr: CO, laser, and combined Fr: CO, laser with PRP. Intrapatient lesions were divide randomly
into four groups. Each group was treated by one modality. The fourth group served as a control.
Patients received six treatment sessions with 2-week interval for 3 months and were followed
up after 3 months.

Results: A highly significant reduction was demonstrated through vitiligo analysis by computer-
assisted grid (VACAG) in the combined Fr: CO, laser with PRP and in the PRP only groups than
other groups. These results were confirmed by mean improvement score by physician (MISP)
and by VAS with no statistical difference between them. The combined Fr: CO, laser with PRP
group showed minimal side effects. Regardless of the modalities, better improvement was seen
in the trunk than the face, extremities, and acral lesions with significant reduction in all regions.
Face showed maximum response with combined Fr: CO, laser with PRP. Trunk showed higher
response with PRP. Upper limbs showed highest response with combined Fr: CO, laser with
PRP. Lower limbs showed the highest improvement with Fr: CO, laser.

Conclusion: According to our study, combined Fr: CO, laser with PRP achieved superior
repigmentation than intradermal (ID) PRP. However, Fr: CO, alone showed poor improvement.
Combined ablative Fr: CO, laser and PRP therapy followed by sun exposure could be used
effectively and safely to treat refractory NSV.

Keywords: platelet-rich plasma, fractional carbon dioxide laser, melanoblasts, stem cells,
nonsegmental vitiligo, refractory vitiligo, vitiligo, undifferentiated stem cell

Introduction

Vitiligo is a skin disorder occurring in about 0.5%—2% of the population.' The treatment
of choice is still controversial. Several combination therapies have been introduced
to obtain better results and to reduce risks.? The prolonged duration of therapy is the
main reason for patient noncompliance.? Platelet-rich plasma (PRP) is composed of
high concentration of platelets with high concentration of growth factors (GFs).* This
may help in stimulation of the proliferation of melanocytes and repigmentation within
vitiliginous patches.® Ablative treatment options such as fractional CO, (Fr: CO,) laser
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were introduced as a treatment modality for vitiligo.®” After
Fr: CO, laser therapy, various types of cytokines and GFs
were secreted during the wound healing process.®

The aim of this study is to evaluate the effect of PRP vs Fr:
CO, and combined Fr: CO, with PRP followed by sun expo-
sure in the treatment of stable nonsegmental vitiligo (NSV).

Patients and methods

This is a prospective, randomized, intrapatient, comparative,
controlled study. It was conducted from June 2014 to June 2016
at National Institute of Laser Enhanced Sciences (NILES), Cairo
University, Cairo, Egypt. Ethical approval was obtained from
research ethical committee. The study protocol conformed to
the guidelines of the Declaration of Helsinki. A written and
informed consent was obtained from all the patients before study
enrollment for both participation and publication of images.

Eighty-three patients presented with NSV. They were
assessed for eligibility according to the defined inclusion
and exclusion criteria.”'° Thirty patients were eligible to par-
ticipate in this study. They were recruited from Dermatology
Outpatient Clinic, NILES, Cairo University, Egypt.

Patients were instructed to avoid using any other modali-
ties of treatment for NSV during the course of the study.
Patients included were older than 18 years, presenting with
more than four lesions of stable, nonprogressive NSV with
the absence of new lesions or enlargement of the preexist-
ing lesions for the past 12 months. Pregnant women and
patients on local medications or laser therapy 1 month prior
to their enrollment were excluded. Also, patients with bleed-
ing disorders, history of keloid formation, koebnerization,
photosensitivity, and seizure disorders were not enrolled
in the study.

Intrapatient lesions were randomly divided into four
groups according to the treatment modality: PRP group,
combined Fr: CO, with PRP group, Fr: CO, group, and
control group. Patients received six treatment sessions with
2-week interval for 3 months and were followed up after 3
months.

PRP group

Thirty lesions were treated by Sterfile European Conformity
(CE) marked RegenLab® kit (Regen Lab SA, Le Mont-sur-
Lausanne, Switzerland). Eight milliliters of blood sample was
aspirated from the patient’s peripheral vein, and the sample
was centrifuged at 1,500 rpm for 5 minutes. A 30-G needle
was used for superficial intradermal (ID) microinjections (0.1
mL per injection and spaced about 1 cm apart).*

Fr: CO, group

Thirty lesions were treated by Fr: CO, laser (10,600 nm; KES
Corporation, Beijing, China). A test dose was done prior to
treatment, and the minimum energy (30-50 mJ) was chosen
to induce erythema. Scanner spot size was adjusted based on
the lesion size. Density selected was 0.6 in the static mode.
Two passes with minimal overlap were delivered. The laser
was applied to the vitiligo lesion and over a thin rim of healthy
skin (2 mm).!"! After the laser treatment, Fucidin cream®
(Fusidic 2%; LEO Pharmaceuticals, Ballerup, Denmark)
was applied twice daily for 1 week.

Combined Fr: CO, with PRP group
Thirty lesions were treated by Fr: CO,+ID PRP injection.

Control group
Thirty lesions were left as control.

All patients were asked to expose the treated lesions as
well as one of the control lesions to sun for 2 hours daily
(between 57 am and 4-6 pm). Also, they were asked to
notice and report any adverse effects.

Evaluation methods

Vitiligo analysis by computer-assisted grid (VACAG)
A transparent grid was used for the calculation of changes in
the vitiligo patch size. The number of intersections covering
the lesion was counted as shown in Figure 1.1

To obtain accurate measurement of localized vitiligo
lesions, the borders of the lesions were marked by manually
tracking the lesions onto the transparent graph paper. To
estimate the number of points, the number of intersections
hitting the area of interest was counted. The total area of
each lesion was estimated by multiplying the representative
area of a point on grid by total number of points counted
for the lesion.

This was performed on a computer assisted grid “point
counting and digital planimetry technique” by AutoCAD
2016, version 20.1 released on March 23, 2015, developed
and marketed by Autodesk Incorporation, USA.

Nikon D5300 camera (Nikon Corporation, Tokyo, Japan),
a 24.2 megapixels digital single-lens reflex (DSLR) camera
with 18-55 mm lens, was used. Photographs were obtained
at baseline, at each session, and at 3 months after the end of
the treatment for follow-up using identical camera settings,
lighting, background, and patient positioning to ensure the
consistency of images.
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Figure | (A) Point counting: example grid for vitiligo lesion. The total area of the lesion was estimated by multiplying 0. cm? by the number of points. (B) Digital planimetry
technique: calculation of changes in the vitiligo patch size by AutoCAD 2016, version 20.1.

Abbreviation: PRP, platelet-rich plasma.

Mean improvement score by physician
(MISP)

MISP was calculated by comparing the photographs. Physi-
cians’ clinical assessments were done by two blinded derma-
tologists using a quartile grading scale (grade 1: <25%, no or
minimal improvement; grade 2: 25%—49%, moderate; grade
3: 50%—74%, marked; grade 4: >75%-99%, excellent; and
grade 5: 100%, complete).6

Patient’s satisfaction

Patients rated their satisfaction at the end of the study for
overall rates of satisfaction and side effects of treatment using
a 10-point VAS (0-10; the 0 level was defined as “not satisfied
at all,” whereas the level of 10 was defined as “completely
satisfied”). Evaluation was done at baseline (VASO) and 3
months after the final session (VAS3m).5!13:14

Histopathological study

Punch biopsy specimens of 4 mm were taken from the lesion
sites before and after the end of treatment from each lesion
of 10 patients.

Biopsies were obtained to evaluate histological findings
and were stained with H&E and HMB45 for each treatment
modality. Prominent melanin pigmentation and expression
of HMB45 were assessed.

Ethics statement

The patients provided written informed consent for the pub-
lication of the images. Also informed consent was obtained
from all individual participants included in the study, and

the study was approved by the ethical committee of the
Dermatology Department.

Statistical analyses

Data were coded and entered using the SPSS version 24. Data
were summarized as median and IQR for quantitative data
and as frequency (count) and relative frequency (percentage)
for categorical data. Comparisons between quantitative vari-
ables were done using the nonparametric Kruskal-Wallis and
Mann—Whitney tests. For comparison of paired measurements
within each patient, the nonparametric Friedman test and
Wilcoxon signed-rank test were used.'s Correlations between
quantitative variables were done using Spearman correlation
coefficient.'® Testing for interrater reliability was done using
the intraclass correlation coefficient (ICC) and Cronbach’s
alpha reliability coefficient with their 95% CIs.!” P-values
less than 0.05 were considered as statistically significant.

Results

Thirty patients participated in this study: 22 (73.4%) female
patients and eight (26.7%) male patients. Their ages ranged
from 18 to 59 years (meantSD, 32.031£12.29 years). The
disease duration ranged from 6 to 120 months (median, 12
months). The descriptive data of patients and NSV lesions
are shown in Table 1.

Variable results of improvement were obtained in the
four groups. Both the combined Fr: CO, with PRP group
and PRP group showed the highest significant improvement
when compared to other modalities (P<0.001; Table 2). There
was a dramatic decrease in the surface area of vitiligo in
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Table | Demographic data of patients and lesions
Demographic data
Age (years) From To MeantSD
18 59 32.03£12.29
Sex Description n %
Female 22 734
Male 26.7
Site Description %
Face 40 333
Trunk 12 10
Upper limb 46 38.3
Lower limb 22 18.3
Duration (months) From To MeantSD Median First quartile Third quartile
6 120 22.53+23.75 12.00 10.00 24.00
Skin type Description n %
1l [ 3.3
1l 20 66.7
v 9 30
Table 2 Results of VACAG, MISP, and VAS
MeantSD Median First Third Kruskal-Wallis test
quartile quartile P-value Significance
Surface area reduction
PRP of reduction 57.01+£29.67 53.05 31.45 91.63 <0.001 H significant
CO,+PRP of reduction 54.22+37.08 56.83 21.99 88.89
CO, of reduction 38.08+36.43 38.12 19.49 61.12
Control of reduction 13.79+40.32 2.95 —0.48 38.97
MISP MeantSD Median First Third Intraclass
quartile quartile correlation
coefficient
PRP 2.97+1.16 3.00 2.00 4.00 0.957 <0.001 H significant
CO_+PRP 3.20£1.27 3.50 2.00 4.00 0.964
CO, 2.30£1.27 2.00 2.00 3.00 0.940
Control 1.20+0.55 1.00 1.00 1.00 0.869
VAS MeantSD Median First Third
quartile quartile
PRP 6.67+2.37 7.00 5.00 9.00 <0.001 H significant
CO,+PRP 6.871+2.65 7.50 5.00 9.00
CO, 4.87+2.19 5.00 4.00 6.00
Control 1.30+1.91 0 0 2.00

Abbreviations: H, highly; MISP, mean improvement score by physician; PRP, platelet-rich plasma; VACAG, vitiligo analysis by computer-assisted grid.

the group treated with combined Fr: CO, with PRP. On the
other hand, the PRP group showed moderate improvements.
Unexpectedly, mild improvements were observed in the Fr:
CO, group (Figure 2).

There was a statistically significant difference in repig-
mentation grade, MISP, and VAS among the combined Fr:
CO, with PRP group, the PRP group, and other groups
(P<0.001; Kruskal-Wallis test).

Regarding the site, the most significant improvement was
observed in the trunk followed by the face, the upper limb
(UL), and the lower limb (LL), which was the most resistance
site (Figure 3).

The mean values of VACG, MISP, and VAS in each group
are summarized in Table 2.

In combined Fr: CO, with PRP group, the median values
of repigmentation, MISP, and VAS were 56.83, 3.50, and
7.50, respectively.

Lesions over the face showed best response followed by
acral lesions and truncal lesions. Feet and LL lesions showed
less response (Table 3).

Regarding PRP group, the median values of repigmenta-
tion, MISP, and VAS were 53.05, 3.00, and 7.00, respectively.
Lesions over the trunk showed best response followed by
lesions over face and acral. Extremities and LL lesions
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Figure 2 Variable results of improvement of vitiligo.
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Notes: (A) A 22-year-old female patient, skin type Il with 3 years duration of vitiligo lesions. Pretreatment and posttreatment images showing lower left chin treatment
with combination of Fr: CO,+ PRP. (B) A 38-year-old female patient, skin type Il with 12 months duration of vitiligo lesions. Pretreatment and posttreatment images showing
upper forehead treatment with PRP. (C) A 2|-year-old female patient, skin type Il with 26 months duration of vitiligo lesions. Pretreatment and posttreatment images showing
right elbow treatment with CO,. (D) A 26-year-old male patient, skin type Ill with 14 months duration of vitiligo lesions. Pretreatment and posttreatment images showing

back with PRP+CO,.
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Figure 3 Relationship between degree of improvement and sites in all groups
together.
Abbreviations: LL, lower limb; UL, upper limb.

showed no response. In laser group, the median values of
re-pigmentation, MISP, and VAS were 38.12, 2.00, and 5.00,
respectively. Lesions over the trunk showed best response
followed by lesions over extremities and face. Acral lesions
showed no response.

All modalities showed agreement between physicians
and confirmed by interrater reliability agreement, ICC, and
Cronbach’s alpha.

The correlation between the percent of the reduction
of surface area and different variable “sex, age, skin type
and duration of the disease” were done. Inverse significant
correlation was found between the disease duration and the
percentage of reduction confirmed by P-value and correla-
tion coefficient.

Side effects
The most common adverse event was pain. It was observed
more commonly in the Fr: CO, group and the PRP group
(33.3%) compared with that in the combined Fr: CO, with PRP
group (23.33%). Hyperpigmentation occurred in the Fr: CO,
(26.66%) and combined Fr: CO, with PRP groups (6.66%).
Other less common side effects included inflammation
that developed in the Fr: CO, group and the combined Fr:
CO, with PRP group. Ecchymosis in the PRP and combined
Fr: CO, with PRP groups lasted for 3—5 days. None of the
study subjects developed koebnerization. No patients showed
recurrence.
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Histopathological evaluation

Before treatment, sections stained with H&E revealed com-
plete absence of melanin pigmentation. However, after the
end of treatment with PRP and combined Fr: CO, with PRP,
the H&E-stained sections revealed the expression of promi-
nent melanin pigment (Figure 4A—C). After the treatment
with Fr: CO,, histopathological examination revealed weak
melanin pigmentation as shown in Figure 4D.

Before treatment, H& E-stained sections revealed negative
expression for HMB45. However, after the end of treatment
with PRP and combined Fr: CO, with PRP, histopatho-
logical specimens revealed marked expression of HMB45
(Figure 4E-G). After treatment with Fr: CO,, histopathologi-
cal examination revealed moderate melanin expression as
shown in Figure 4H.

Discussion
None of the current modalities of treatment can improve
NSV completely. Currently, available modalities specifically
target the NSV and elicit high response rates. However, the
majority of patients eventually develops progressive course.
The mechanism of the new modalities such as Fr: CO, and
PRP is not well evaluated yet in recalcitrant NSV treatment.
Introduction of these new treatments of NSV might be an
alternative to current available therapies. Hence, a new treat-
ment and a combined approach are required.®

This study demonstrated that Fr: CO,+PRP had the best
results in repigmentation. PRP treatment was ranked second
in efficacy, whereas the Fr:CO2 was last.

In addition, we faced two difficulties with our patients
in obtaining variable degree of repigmentation. The first

Table 3 Relationship between degree of improvement and sites related to each group

Percent PRP PRP+CO, co,
reduction Median | First Third Median | First Third Median | First Third P-value
quartile | quartile quartile | quartile quartile | quartile

Location Face 62.20 31.22 93.01 77.88 29.88 94.58 42.11 29.50 59.67 0.331
LL 43.63 38.15 72.03 33.10 20.12 59.78 59.69 41.07 78.31 0.351
Trunk | 91.79 91.79 91.79 70.45 35.69 88.89 59.94 11.42 92.18 0.453
UL 46.12 23.66 69.32 70.79 30.83 90.00 21.18 -3.49 51.47 0.067

Abbreviations: LL, lower limb; PRP, platelet-rich plasma; UL, upper limb.
A B C D

Figure 4 H&E staining and HMB45.

Notes: (A) Absence of melanin pigmentation (H&E, X200) before treatment. (B) Prominent melanin pigmentation (H&E, x200) after treatment with PRP. (C) Prominent
melanin pigmentation (H&E, x200) after treatment with CO_+PRP. (D) Weak melanin expression (H&E, X200) after treatment with CO, alone. (E) Mild expression of HMB45
(PAP, x200) before treatment. (F) Marked expression of HMB45 (PAP, x200) after treatment with PRP. (G) Marked expression of HMB45 (PAP, x200) after treatment with
CO,+PRP. (H) Moderate expression of HMB45 (PAP, x200) after treatment with CO,.

Abbreviation: PAP, Papanicolaou stain; PRP. platelet-rich plasma
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difficulty was the resistance of the patients to any other
treatment modality. The second difficulty was the resistance
of lesions on the hands and feet.

Regarding evaluation methods for the measurement of local-
ized vitiligo lesions, the borders of the lesions were marked by
manually tracing the lesions onto the transparent graph paper.
Variations can occur originating from the thickness of the per-
manent marker pen, and a piece of transparent sheet is super-
imposed and placed over the lesion. To estimate the number of
points, the number of intersections hitting the area of interest was
counted. The total area of each lesion was estimated by multiply-
ing the representative area of a point on grid by total number
of points counted for the lesion and compared to planimetry.

Considering our results and potentiality of PRP, PRP can
be applied as an alternative treatment modality in some recal-
citrant vitiligo patients. It can also be suitable for relatively
large areas of vitiligo at any site.

To the best of our knowledge, eight trials used only abla-
tive Fr: CO, laser in the treatment of vitiligo.®”!*!*! One
study had evaluated the effects of PRP.> However, only one
study evaluated the effects of PRP and combined Fr: CO,
with PRP on vitiliginous lesions.

Many mechanisms may contribute to the improvement
of vitiligo after CO, laser sessions. It produces immediate
tissue retraction due to the denaturation of collagen bundles.
This shrinkage over treated skin surface may contribute to
the narrowing of the vitiligo lesions.?

In 2016, Yuan et al found that ablative Fr: CO, laser is
more effective than the nonablative fractional laser in the
treatment of NSV’

The repigmentation in vitiligo is initiated by the activa-
tion, proliferation, and migration of melanoblasts from the
outer root sheath of hair follicles. Moreover, the melanocytes
migrate from the border area of vitiligo lesions into the depig-
mented epidermis. Based on this mechanism, we performed
the technique of extension of ablative laser treatment few
millimeters beyond the lesion borders. !

Further explanation of the good results of repigmentation
in this study was based on the enhancement of the ultraviolet
(UV) effect as the superficial layer of the skin was removed.?

Also, Hélou et al® in 2014 found similar results to those
of our study and concluded that Fr: CO, laser followed by
sun exposure could be considered as an alternative modality
for the treatment of refractory vitiligo, especially in sunny
regions. They explained this finding by the fact that inter-
leukin (IL)-17, matrix metalloproteinase (MMP)-2, MMP-9,
various types of cytokines, and GFs enhance migration
and mitogens of melanocytes." Fr: CO, laser significantly

increases the activity of melanocytes and their regeneration
in vitiligo.!42023-25

Besides, in a study performed by Cunha et al'® in 2016,
the use of Fr: CO, laser combined with betamethasone and
salicylic acid solution could be a new therapeutic approach
for the treatment of refractory vitiligo. In 2016, Vachiramon
et al’ found higher improvement of repigmentation when they
used combined Fr: CO, laser, narrow band-ultra violet B,
and topical steroids in the treatment of recalcitrant vitiligo
on hands. On the contrary, El-Zawahry et al* found that the
use of combined Fr: CO, and NB-UVB did not show any
significant advantage over the treatment with NB-UVB alone.

Limitations of the study by El-Zawahry et al were
minimum number of sessions of Fr: CO, (ie, two sessions on
monthly base), small number of patients (20 patients), lack
of follow-up, and lack of PRP combination. El Mofty et al*
in 2017 studied the effect of Fr: CO, laser on vitiligo lesions.
It was not associated with satisfactory clinical response, and
it is too costly especially if used on large vitiligo areas.

Limitations of the study by El Mofty et al were the high
cost on large vitiligo area, limited number of sessions (ie, four
sessions on weekly base), low parameters, and small number
of patients (10 patients) with no follow-up evaluation. Also,
they could not decide whether the repigmentation was due
to trauma or inverse koebener phenomenon. The lack of PRP
combination is a contra verse.

PRP elicited dramatic decrease in the surface area of
vitiligo with a 53.05% (median) of repigmentation.

In 2016, Ibrahim et al ascertained the effect of PRP injec-
tion on the outcome of NB-UVB therapy in NSV. There was a
high statistically significant improvement in the repigmenta-
tion of the combined group (PRP with NB-UVB) compared
with that in the NB-UVB group. Besides, there was a clini-
cal variation in the degree of improvement. The difference
between our results and the results of the study by Ibrahim
et al® was due to the use of combined PRP and narrow band.

Similar to our study, Abdelghani et al in 2017 compared
Fr: CO+PRP, Fr: CO,, and PRP. They concluded that the
combined treatment was superior to PRP and Fr: CO,, espe-
cially in difficult-to-treat areas and refractory cases such as
face and ULs."

Limitations of this study were the small sample size (20
patients), lack of control lesions, short follow-up period,
using only skin types III and IV, and limited number of ses-
sions (four Fr: CO, sessions). They used different schedules
of sessions.'?

Several mechanisms may contribute to the improvement
of vitiligo lesions after PRP sessions as it contains fibrin,
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fibronectin, and vitronectin. These proteins are capable of
enhancing cell adhesion between keratinocyte and fibroblast
and melanocyte and act like a matrix for the formation of
the epithelium.?**

Moreover, the anti-inflammatory effect of PRP limits the
release of cytokine. Subsequently, the melanocyte activity
will be released and attached well to keratinocytes.’

The deficiency in unidentified GFs such as fibroblast
and keratinocyte may be responsible for weakening of mela-
nocytes attachment leading to the detachment that leads to
transepidermal elimination and chronic melanocytorrhagy.?

Likewise, PRP therapy with high concentration of trophic
factors in vitiligo leads to repigmentation. It acts through
stimulation of proliferation, interaction of both keratinocyte
and fibroblast with melanocytes, attraction, and stimulation
of undifferentiated stem cells.?**

The limitation to this study was the lack of immunohis-
topathological studies. The follow-up of patients was for 12
weeks for repigmentation. Hence, longer follow-up of patients
is needed. Further researches are needed to evaluate Fr: CO,
and PRP in vitiligo using Fitzpatrick skin types V and VL.

Conclusion

This study suggests that the combined Fr CO, laser with
PRP with sun exposure could be used effectively and safely
to treat refractory NSV. Limitations of this study were the
small sample size and short follow-up period. Further intra-
individual studies with larger sample size, longer follow-up
periods, and immunohistochemical examinations are recom-
mended to obtain the optimal results.

Disclosure
The authors report no conflicts of interest in this work.
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