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CHAPTER 4.1
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Twenty-year follow-up of childhood vitiligo treated with phototherapy

Vitiligo is a depigmenting skin disorder with an estimated prevalence of 1%.1 Childhood-
onset vitiligo occurs in approximately one-third of all cases.2 Early-onset childhood 
vitiligo tends to be a more extensive and progressive type of vitiligo.3 Narrowband 
ultraviolet B (NBUVB) phototherapy is an effective treatment option in active vitiligo 
and leads to >75% repigmentation in 14-75% of childhood cases.4,5 Unfortunately, no 
evidence is available whether this repigmentation is long-lasting. To date, no data are 
available on the long-term efficacy and safety of NBUVB in childhood vitiligo.

This study was designed as a long-term follow-up study after our prospective open 
uncontrolled clinical trial of 20 years ago in which 51 children with non-segmental vitiligo 
were treated with NBUVB twice weekly for a maximum period of 1 year.4 The objective 
of the current study was to assess the long-term outcome after NBUVB phototherapy 
in childhood vitiligo. The study was exempted from review by the Ethics Committee 
of our hospital (#W16_122#16.140). We attempted to retrieve medical files and last 
known addresses of all 51 patients of our previous study. All patients who participated 
in the previous study and from which a last known address was available received a 
questionnaire. Data were collected using a study-specific questionnaire comprised of 
questions concerning demographics, vitiligo-specific data, occurrence of melanoma or 
non-melanoma skin cancer and quality of life. Current affected body surface area was 
measured using the Self Assessment of Vitiligo Extent Score.6 Descriptive statistics were 
used to summarize the responses.

Of the 51 patients who participated in the previous study, 36 received the questionnaire, 
14 were not reachable due to unknown correct addresses and 1 patient was deceased due 
to a nondermatological cause. In total 18 patients returned a completed questionnaire, 
resulting in a response rate of 50%. The reason for nonresponse was unknown in all 
nonresponders. Median follow-up duration was 20 years and median current age 
32 years. Descriptive data are presented in Table 1. Compared to our previous study, 
more female (72.2% versus 60.7%) and fair skin type patients (66.7% versus 51.0%) 
responded.4 Current affected body surface area (mean 7.6%, median 2.7%) was lower 
than before inclusion in the first study (mean 15.9%).

Four patients received no additional treatment during follow-up. The other 14 patients 
were treated after the previous study with NBUVB (n=11, median duration 24 months), 
psoralen combined with ultraviolet A phototherapy (n=1, median duration 24 months) 
and topical treatment (n=6). Patients treated with additional NBUVB or topical treatment 
were satisfied with the repigmentation results in 36% and 33%, respectively.
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Table 1 - Descriptive data of respondents.

All patients Treatment No treatment

Demographics

Patients, n (%) 18 14 (77.8%) 4 (22.2%)

Male, n (%) 5 (28%) 3 (21.4%) 2 (50%)

Age (years), median (IQR) 32 (29-33) 31 (29-33) 32 (30-33)

Fitzpatrick skin type, n (%)
I
II
III
IV
V
VI

0 (0%)
5 (28%)
7 (39%)
1 (6%)

5 (28%)
0 (0%)

0 (0%)
3 (21%)
5 (36%)
1 (7%)

5 (36%)
0 (0%)

0 (0%)
2 (50%)
2 (50%)
0 (0%)
0 (0%)
0 (0%)

Vitiligo-specific data

Age at onset (years), median (IQR) 6 (4-9) 6 (4-9) 6 (2-10)

Age during previous study (years), median (IQR) 12 (9-13) 11 (9-13) 12 (10-14)

Duration in years (Δ onset - first NBUVB), median (IQR) 3.5 (1.0-9.5) 3.5 (2.5-7.5) 6.0 (0.3-11.8)

Localization before first NBUVB, n (%)
Head and neck
Trunk
Limbs
Groin

12 (67%)
11 (61%)
15 (83%)
10 (56%)

9 (64%)
8 (57%)

11 (79%)
7 (50%)

3 (75%)
3 (75%)

4 (100%)
3 (75%)

Activity in the past year, n (%) 8 (44%) 7 (50%) 1 (25%)

Koebnerisation, n (%) 6 (33%) 6 (43%) 0 (0%)

Positive family history vitiligo, n (%) 5 (28%) 5 (36%) 0 (0%)

Affected body surface area (%, measured with SA-
VES), median (IQR)

2.7 (0.6-9.4) 5.3 (0.8-14.4) 0.6 (0.1-0.6)

Quality of life: DLQI, median (IQR) 1.0 (0.0-7.0) 2.0 (2.0-7.5) 0.0 (0.0-1.5)

Occurrence of NMSC or MSC, (%) 0 (0%) 0 (0%) 0 (0%)

Treatment, n (%)

NB-UVB 11 (61%) 11 (79%) -

PUVA 1 (6%) 1 (7%) -

Topical treatment 6 (33%) 6 (43%) -

IQR, interquartile range; SA-VES, Self-Assessment of Vitiligo Extent Score; DLQI, Dermatology Life Quality Index (scale 
0–30); NMSC, nonmelanoma skin cancer; MSC, melanoma skin cancer; NBUVB, narrowband ultraviolet B phototherapy; 
PUVA, psoralen combined with ultraviolet A phototherapy.
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To our knowledge, this is the first long-term follow-up study after NBUVB phototherapy 
in childhood vitiligo. We collected data of 18 children with early onset of vitiligo 
who were treated 20 years ago with NBUVB phototherapy. Hypothetically, treatment 
of vitiligo in the early phase of the disease could potentially lead to modification of 
underlying disease processes, which is the case in other autoimmune disorders such as 
rheumatoid arthritis. This hypothesis is supported by clinical data in which patients with 
recent onset of vitiligo achieved significantly higher repigmentation than patients with 
long-standing vitiligo after NBUVB.7

In our study, only a small percentage of patients (22%) did not receive any additional 
treatment after the first study. Patients who received treatment after the first study 
showed a larger affected body surface area (median 5.3%) than patients who received 
no additional treatment (median 0.6%). This may suggest that in 22% of cases, the 
vitiligo was not reactivated or only slowly progressed after the first NBUVB phototherapy 
treatment. However, the median duration between onset of vitiligo and first treatment 
with NBUVB was longer in the group without additional treatment. This suggests that 
also other factors may influence the disease process of vitiligo.

The European guidelines on vitiligo state that prolonged maintenance with NBUVB 
treatment is not recommended, because there is a potential risk of skin photodamage 
due to the higher susceptibility of vitiligo skin to sunburn.8 None of the patients 
reported occurrence of either melanoma or nonmelanoma skin cancer. However, we 
cannot draw conclusions concerning the safety of NBUVB phototherapy in childhood 
vitiligo. On the other hand, a recent study has shown that patients with vitiligo, even 
those who received phototherapy, have a lower risk on developing melanoma and non-
melanoma skin cancer compared to healthy controls.9 Limitations of this study are the 
small population size, retrospective uncontrolled design and low response rate. Our 
data suggest that NBUVB phototherapy may be a safe and effective treatment option 
in childhood vitiligo which in some cases may change the natural course of the disease. 
However, more long-term observational and controlled studies are needed to address 
these important issues.
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Randomized controlled trial on recipient-site preparations

ABSTRACT
Background: Autologous noncultured cell suspension transplantation is an effective 
treatment for repigmentation in segmental vitiligo and piebaldism. Full surface 
laser ablation is frequently used to prepare the recipient site before cell suspension 
transplantation, even though the optimal laser settings and ablation depth are 
unknown.

Objective: To assess the efficacy and safety of less invasive recipient-site preparations.

Methods: In a randomized, observer-blinded, controlled trial we compared different 
recipient-site preparations before cell suspension transplantation in segmental vitiligo 
and piebaldism. In each patient, we randomly allocated three CO2  laser recipient-site 
preparations (209 and 144 μm full surface, and fractional) and a control (no treatment) 
to four depigmentations. After 6 months we assessed repigmentation and side-effects.

Results: We included 10 patients with vitiligo (n = 3) and piebaldism (n = 7). Compared 
with the control site, we found more repigmentation after full surface ablation at 209 μm 
(median 68·7%, P = 0·01) and 144 μm (median 58·3%, P = 0·007), but no repigmentation 
after fractional ablation (median 0·0%, P = 0·14).

Conclusion: Superficial full surface ablation with a depth of 144  μm is an effective 
recipient-site preparation before cell suspension transplantation, while fractional 
CO2 laser is not.
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INTRODUCTION
Vitiligo and piebaldism are depigmenting skin disorders that can significantly alter 
physical appearance and impair quality of life.1,2 Autologous noncultured cell suspension 
transplantation (CST) is an effective treatment for repigmentation in segmental vitiligo 
and piebaldism.3,4 The CST technique involves the transplantation of autologous 
epidermal cells, suspended in a fluid medium, from pigmented skin to depigmented 
recipient sites. Recipient-site preparation before CST is required to allow access to the 
underlying structures necessary for melanocyte adherence.5 Full surface ablation is 
generally used as recipient-site preparation in CST. Unfortunately, this technique can be 
uncomfortable and may result in persistent side-effects such as scarring and erythema.6 
Furthermore, the optimal depth of full surface ablation for melanocyte adherence is 
unclear.

In a previous study, we found 78% repigmentation after full surface CO2 laser ablation 
to an estimated depth of 209 μm.7 However, if less invasive recipient-site preparations 
are at least as effective in repigmentation, patients could be effectively treated more 
comfortably and with potentially fewer side-effects. Less invasive techniques are 
for example ablative fractional laser and superficial full surface ablation. In ablative 
fractional pre-treatment an array of microscopic ablation channels is created.8 Less 
invasive techniques may result in minimized side effects, such as persisting erythema 
and scars, and provide faster healing.8-10

The aim of this study was to assess the efficacy and safety of fractional and superficial 
full surface CO2-laser ablation of the recipient sites before CST in segmental vitiligo and 
piebaldism.

MATERIALS AND METHODS
This prospective, randomized, observer-blinded, within-subject, controlled trial 
was approved by the medical ethical committee of the Academic Medical Centre, 
Amsterdam (#NL49720.018.14). This study is registered at the U.S. National Institutes of 
Health (ClinicalTrials.gov) as trial NCT02458417. We recruited and treated the patients at 
the Netherlands Institute for Pigment Disorders between May 2015 and February 2016. 
Eligible patients were 18 years or older, diagnosed with either stable segmental vitiligo 
or piebaldism and able to give written informed consent. Stable segmental vitiligo was 
defined as the absence of new lesions or enlargement of existing lesions for 12 months 
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without treatment. Furthermore, eligible patients had at least four depigmented lesions 
of 3x3 cm or one large lesion of at least 12x3 cm on the trunk or extremities. Patients 
with Fitzpatrick skin type I, recurrent herpes simplex virus infections, hypertrophic 
scarring, keloids, cardiac insufficiency, history of ultraviolet hypersensitivity, allergy 
for local anesthetics and/or clarithromycin, medical history with (non)melanoma skin 
cancer, atypical nevi and patients who were breastfeeding or pregnant were excluded 
from participation.

Interventions
Cell suspension preparation
We infiltrated the donor area with lidocaine 2% and harvested a split-thickness skin 
sample of approximately 4 cm2 with a depth of 0.2 mm from the hip with an electric 
dermatome (D42 Dermatome; Humeca, Beverwijk, The Netherlands). The skin sample 
was then placed in a cell harvesting device (ReCell®; Avita Medical, London, U.K.). 
Following previous studies7,11-13 and manufacturer’s instructions, the skin sample was 
placed for approximately 15-20 minutes in a heated well containing an enzyme solution. 
Subsequently, the sample was rinsed in a sodium lactate solution, and disaggregation 
of cells from the epidermis and dermis was performed using a scalpel. Lastly, the 
suspension was drawn up in a syringe.

Recipient-site preparation
For recipient-site preparation, we used a 10,600 nm ablative CO2 laser (Ultrapulse; 
Lumenis, Santa Clara, CA, U.S.A.) with a scanner handpiece suitable for full surface 
ablation (ActiveFx handpiece) and a handpiece for fractional ablation (DeepFx 
handpiece). In each patient, we randomly allocated four depigmented lesions of 4 cm2 
on the trunk or extremities to one of the following recipient-site preparations:  (i) full 
surface ablation with an estimated depth of 209 μm (ActiveFx, one pass at 200 mJ, 60 
W, density 3); (ii) full surface ablation with an estimated depth of 144 μm (ActiveFx, one 
pass at 150 mJ, 60 W, density 3); (iii) fractional laser ablation with an estimated depth of 
225 μm (DeepFx, one pass at 7.5 mJ/microbeam, 20% density, 120 μm diameter) or (iv) 
untreated control site (no recipient site preparation and no CST).

After infiltration of the treatment sites with lidocaine 2%, the recipient sites were 
prepared and the necrotic debris on the skin was removed with saline-soaked gauze. 
The cell suspension was applied on the recipient sites, with exemption of the untreated 
control site. We used a ratio of one to four or five (donor to recipient site), and the cell 
suspension was also applied to the donor site. The recipient-site preparations and CST-
procedures were performed by the same physicians.
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Post-operative care
We covered the recipient and donor sites with a nonadherent, small-pore dressing 
(Telfa Clear; Covidien, Dublin, Ireland) and a secondary dressing with paraffin gauzes 
(Jelonet; Smith and Nephew, Hamburg, Germany) for seven days. Furthermore, patients 
were advised to take clarithromycin 500 mg once daily for 7 days after CST to prevent 
infections. To make the repigmentation more visible, patients were advised to start with 
ultraviolet A treatment on all treatment sites twice weekly with a facial tanner (GB9212; 
Eurosolar, Bonn, Germany) from 4 weeks to 6 months after the CST.

Randomization and allocation concealment
Randomization was based on a digitally generated randomization list not known to 
any of the involved investigators (Graph Pad Software Inc., La Jolla, CA, U.S.A.). After 
inclusion, treatment regions were assigned, and numbered, opaque, sealed envelopes 
containing cards with the allocation were opened in ascending order. The randomization 
and allocation was concealed for the blinded assessor. The patient and the treating 
physician were not blinded as this was practically impossible.

Outcomes
Primary outcome
The primary outcome of our study was the percentage of repigmentation per treatment 
site. This was measured by comparing surface areas of repigmentation copied on 
transparent sheets (baseline vs. 6 months) using a digital image analysis system (Image 
J; https://imagej.nih.gov/ij/).

Secondary outcomes
One week after CST, re-epithelialization (0-100%) and pain (on a visual analogue scale) 
per treatment site were assessed separately by the physician and patient. Six months 
after CST, a blinded independent physician assessed the repigmentation and side-
effects (i.e. erythema, hyperpigmentation, hypopigmentation, scarring) per treatment 
site. Furthermore, color matching with normal skin was measured using a reflectance 
meter (DermaSpectrometer; Cortex Technology ApS, Hadsund, Denmark). Patients and 
physicians were asked to evaluate the global outcome per treatment site measured on 
a four-point scale (poor, moderate, good or excellent).
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Statistical analyses
Statistical analyses were performed using SPSS (version 23; IBM Corp., Armonk, NY, 
U.S.A.). The Wilcoxon signed-rank test was used to compare the repigmentation 
percentages between recipient sites and significance level was set at α=0.05. All patients 
were included in the statistical analyses. Non-normally distributed data are presented as 
medians with their interquartile ranges (IQRs).

RESULTS
We included 10 patients with either segmental vitiligo (n=3) or piebaldism (n=7). The 
median age was 22.5 years and the ratio male to female was 4:6. None of the patients 
was lost to follow-up. The baseline characteristics are presented in Table 1.

Table 1 - Patient characteristics.

Patient Sex Age (years) Diagnosis Disease duration Treatment location

1 Female 20 P > 10 years Lower leg (proximal)

2 Male 40 P > 10 years Knee

3 Female 42 SV > 10 years Upper arm (proximal)

4 Female 18 P > 10 years Lower leg (proximal)

5 Male 18 P > 10 years Lower leg (distal)

6 Male 62 P > 10 years Lower abdomen

7 Female 24 P > 10 years Knee

8 Male 19 SV 5-10 years Upper arm (proximal)

9 Female 21 SV > 10 years Lower abdomen / side

10 Female 35 P > 10 years Lower leg (proximal)

P, piebaldism; SV, segmental vitiligo

Repigmentation
Repigmentation percentages per recipient site are presented in Figure 1. The median 
repigmentation after 209-μm (68.7%, IQR: 12.7-100.0, p=0.011) and 144-μm (58.3%, IQR 
14.3-100.0, p=0.007) full surface ablation were significantly higher than at the control site 
(0%, IQR: 0-0%). No significant differences between fractional recipient-site preparation 
(median 0%, IQR: 0-11.9) and the control site were found (p=0.14). Repigmentation was 
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significantly higher for 209-μm (p=0.012) and 144-μm (p=0.008) full surface ablation 
than for fractional ablation. Furthermore, no significant difference in repigmentation 
was found between 209-μm and 144-μm full surface ablation (p=0.89).

Figure 1 – Box plots with percentage of repigmentation per recipient-site preparation.

*  p<0.05 vs. control recipient site evaluated using the Wilcoxon signed-rank test.

More than 75% repigmentation was found in 50% and 40% of the 209-μm and 144-μm 
full surface ablated recipient sites, respectively. The global assessment of repigmentation 
corresponded with the repigmentation percentages measured on transparent sheets in 
31 of 40 recipient sites. The outcome after 209 μm full surface, 144 μm full surface and 
fractional ablation was scored by the patients as good to excellent in 60%, 50% and 
0% of recipient sites, respectively. The outcomes of all control sites were scored by the 
patients as poor. The independent physician scored the outcome of the CST as good to 
excellent in 50% of the full surface ablation and in 10% of the fractional ablated recipient 
sites. Figure 2 presents a case with excellent responses in the full surface ablation sites.
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Side effects
One week after the CST procedure, 100% re-epithelialization was reached in 30% (209 
μm), 60% (144 μm), 100% (fractional) and 100% (control) of the lesions. None of the 
donor sites was 100% re-epithelialized after 1 week (median 5%, IQR: 0-50). Pain 1 week 
post-treatment was scored as low to absent in all recipient sites.

After 6 months, mild-to-moderate persisting erythema was more frequent in lesions 
pretreated with full surface ablation with a depth of 209 μm (70%) vs. 144 μm (50%).  Mild 
hyperpigmentation, scored by the blinded physician, was seen in 10% of all full surface 
ablated lesions and not in fractional or control recipient sites. Objective measurement 
of the hyperpigmentation with a reflectance meter showed that 10% of the full surface 
(209 and 144 μm) and 0% of both fractional and control sites was darker (> 10% 
difference in melanin index) than surrounding healthy skin. No hypopigmentation or 
scarring of recipient sites was observed. Mild hypertrophic scarring of the donor site 
occurred in two patients.

Figure 2 – Images of a patient with excellent responses in the full surface ablation sites.
(a) before and (b) 6 months after treatment.

I, fractional laser; II, 209-μm full surface ablation; III, control site; IV, 144-μm full surface ablation. The full 
surface ablation sites show 100% repigmentation and persistent erythema. After Wood’s lamp examination 
the excellent (100%) repigmentation was confirmed.
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DISCUSSION
We investigated different depths and types of ablation of the recipient site before cell 
suspension transplantation in segmental vitiligo and piebaldism. The results of our 
study suggest that more superficial CO2 laser full surface ablation is effective, while 
fractional CO2 laser ablation with the settings used in this study is not.

Previous clinical studies of noncultured CST show varying repigmentation results.3,14 
The reasons for this variation remain unclear, but recipient-site preparation is one 
potential determinant. The optimal depth of ablation is not known and most studies 
do not report the depth of ablation. Most techniques for recipient-site preparation, 
such as dermabrasion, microneedling and ablation with liquid nitrogen, are difficult to 
standardize and not suitable for large or concave surfaces. 5,6,15 Laser settings are easy to 
standardize and therefore the use of ablative lasers as recipient-site preparation in CST 
is preferable.6

Repigmentation after full surface CO2 laser ablation with a depth of approximately 
209 μm was similar to that in other studies using the same depth of ablation.6,7 In our 
current study, we found comparable repigmentation percentages after superficial 
and deeper full surface ablation (144 vs. 209 µm ablation). The superficial full surface 
ablation resulted in faster re-epithelialization and less persistent erythema than deeper 
full surface ablation. Therefore, superficial ablation seems a better option for recipient-
site preparation than deeper full surface ablation. Furthermore, superficial ablation may 
require only topical rather than infiltration anesthesia, which is much more comfortable 
for patients.

To our knowledge, this was the first study to assess superficial CO2 laser and fractional 
CO2 laser as recipient-site preparations in CST. A recent prospective study of Silpa-
Archa et al. compared dermabrasion and full surface CO2 laser ablation as recipient site 
preparations.6 Silpa-Archa et al. classified their CO2 laser settings as fractional. However, 
we consider that their settings are more accurately classified as nonfractional, as the 
high density (82%) of the ablation channels effectively leads to a full surface ablation.16  
In our study, the recipient sites pretreated with fractional ablation did not show 
satisfactory repigmentation. This is contradictory to preclinical data suggesting that 
fractional CO2 laser results in adequate penetration and adherence of cells.5,17 On the 
other hand, fractional CO2 lasers are known to produce a necrotic eschar that surrounds 
each ablation channel. Due to this eschar, oozing of exudate is minimized, but it may 
theoretically also impair permeation and adherence of the cell suspension. As this is 
the first clinical study investigating ablative fractional laser therapy as recipient-site 
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preparation for CST, the optimal settings are still unknown. The fractional laser pulse 
energy settings in the current study were chosen based on expected ablation depth. 
The optimal depth of ablation is not known. Hypothetically, other CO2 laser settings 
(e.g. pulse energy, density, depth and diameter of ablation channels) or the use of a 
different type of fractional laser may be more effective. Fractional erbium-doped yttrium 
aluminium garnet lasers usually create less necrotic eschar, and micro-needling creates 
none, hypothetically leading to better permeation of the cell suspension.18 However, 
they are also associated with more exudate and bleeding, which possibly leads to 
washing out the cell suspension before melanocyte adherence occurs.

Previous studies in non-segmental vitiligo have shown repigmentation after laser 
ablation alone without cellular grafting. 19,20 However, in piebaldism and segmental 
vitiligo residual follicular melanocytes are generally lacking. This is the reason why 
unspecific induction of repigmentation is very unlikely in segmental vitiligo and 
piebaldism. Furthermore, we previously reported lack of repigmentation after CO2 
laser alone in a similar population.7 Therefore, we assume that the contribution of laser 
ablation on the repigmentation is minimal in our study.

A limitation of this study is the small number of patients who were treated. Furthermore, 
treatment with CST was limited to the trunk and extremities while other body parts may 
react differently. The study is also limited by including both piebaldism and segmental 
vitiligo, which are different depigmenting skin disorders. On the other hand, both have 
the same natural stable course without a persisting auto-immunity against melanocytes, 
such as in non-segmental vitiligo. Various steps in the cell suspension transplantation 
process, such as harvesting of the skin sample, disaggregation of the epidermal cells 
and application of the cell suspension, are performed manually. This might impose 
another source of variation, possibly explaining the differences in repigmentation 
between individual patients. Another limitation is that some core outcome domains for 
vitiligo, such as maintenance of repigmentation and tolerability with treatment, were 
not measured.21  No consensus is available on which measurement instruments should 
be used for target lesion assessment in vitiligo. We used the transparent sheet method 
that was used in our previous study and that was previously validated by Van Geel et 
al.7,22

In conclusion, we recommend that the recipient site before CST is prepared with full 
surface ablation with a depth of approximately 144 μm. Fractional CO2 laser with the 
settings used in this study is not as effective for recipient-site preparation. Further 
research on different laser types and optimal settings is needed.
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ABSTRACT
Vitiligo is frequently treated with the combination of phototherapy and melanocyte 
transplantation. However, the additional benefit of phototherapy is unclear. Moreover, 
the optimal type and regimen of phototherapy is unknown. The objective of this 
systematic review was to identify whether phototherapy improves the outcome of 
melanocyte transplantation in vitiligo. We searched and screened for eligible studies 
in the databases of MEDLINE, EMBASE and CENTRAL. We included all clinical studies 
investigating melanocyte transplantation combined with phototherapy. After 
screening and selection of abstracts and full-texts, we found 39 eligible clinical studies 
with 1624 patients. The eligible studies investigated several phototherapy modalities, 
such as NBUVB (n=9), PUVA (n=19), UVA (n=1), MEL (n=4) and active sunlight exposure 
(n=9). Four studies directly compared phototherapy versus no phototherapy and 
two studies confirmed the benefit of phototherapy for melanocyte transplantation. 
We found no significant differences in repigmentation in studies directly comparing 
phototherapy modalities. The overall quality of the studies was moderate to poor 
and high heterogeneity between studies was found. We found limited evidence that 
phototherapy improves the outcome of melanocyte transplantation in vitiligo. There 
is insufficient evidence to recommend a specific type or regimen of phototherapy. 
More studies should be performed investigating the additional benefit of different 
phototherapies and the preferred moment of phototherapy.
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INTRODUCTION
Vitiligo is a common depigmenting skin disorder with a worldwide prevalence of 0.5-
1%.1 Stable vitiligo lesions are treated with various surgical melanocyte transplantation 
techniques.2 Melanocyte transplantation in stable vitiligo is frequently combined with 
subsequent phototherapy. Total repigmentation after melanocyte transplantation is 
uncommon and phototherapy can potentially have a beneficial effect on the outcome.3 
Phototherapy can enhance the repigmentation after melanocyte transplantation by its 
anti-inflammatory properties and by inducing melanocyte proliferation and migration. 
However, phototherapy also has side-effects such as increased risk of skin cancer and 
premature skin aging.4 To date, there is no consensus on the role of phototherapy in the 
surgical treatment of vitiligo.5

The objective of our study was to identify whether phototherapy improves the outcome 
of melanocyte transplantation in vitiligo. Therefore, we designed a systematic review to 
summarize and review the evidence of the combination therapy of phototherapy and 
melanocyte transplantation.

MATERIALS AND METHODS

Search strategy and selection
We designed our systematic review with the use of the PRISMA Guideline and registered 
our study in the PROSPERO database under #53500.6 Our search strategy comprised main 
keywords on vitiligo and melanocyte transplantation (Supplements S1). We performed 
a literature search for relevant studies from inception up to June 2016 of MEDLINE, 
EMBASE and Cochrane Central Register of Controlled Trials (CENTRAL). Subsequently, 
screening for other relevant articles in the reference lists of the identified studies was 
performed. We used Endnote (version X7.7.1) for reference management and duplicate 
finding. We conducted a first selection based on title and abstract. This was followed 
by screening for eligibility of the full text copies of selected studies. The selection 
procedure and the details for exclusion per study were systematically documented in 
a PRISMA flow diagram.7



125

Role of phototherapy in the surgical treatment of vitiligo

Eligibility criteria
Studies were found eligible when they met the following pre-specified inclusion 
criteria: ≥10 vitiligo patients, intervention study with melanocyte transplantation 
and phototherapy, quantitative repigmentation as outcome measure and English 
language. Phototherapy was defined as the administration of any type of light before 
or after melanocyte transplantation. Quantitative repigmentation included mean or 
median repigmentation, pigment spread and ordinal repigmentation measurement 
instruments. Furthermore, studies were only included when the results per 
phototherapy modality were provided separately. Eligible transplantation techniques 
included punchgrafting (PG), suction blister grafting (SBG), non-cultured autologous 
melanocyte transplantation (NCAMT), cultured autologous melanocyte transplantation 
(CAMT), split-thickness grafting (STG) and hair follicle transplantation (HFT).

Quality assessment
We assessed the quality of the clinical trials with the Risk of Bias assessment tool of the 
Cochrane Collaboration.8 We evaluated per randomized controlled trial (RCT) or (non-
randomized) clinical trial the risk of bias (low, unclear, high) of the random sequence 
generation, allocation concealment, blinding of participants and personnel, blinding of 
outcome assessment, incomplete outcome data and selective outcome reporting. The 
quality assessment of the eligible case series was performed with the Quality Appraisal 
Tool for Case Series. 9 This tool comprises 18 questions on quality appraisal and we 
added specific assessment criteria to 6 questions in order to adapt the checklist to our 
specific research question (Supplement S2).

Data extraction and analyses
We included from each study pre-specified data (author, year of publication, study 
design, patient characteristics, type of surgical treatment, follow-up duration, 
quantitative repigmentation measures and outcome).  Furthermore, from each study 
we extracted per phototherapy modality the moment of initiation, frequency, duration, 
initial dose, dose adjustment and cumulative dose of phototherapy. Two assessors (JL 
and SU) performed the selection, quality assessment and data extraction independently. 
Disagreements were resolved by discussion with these two assessors and a third 
assessor (AW).
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RESULTS

Literature search
The search strategy generated a total of 1815 unique hits of which 39 articles met the 
inclusion criteria. The PRISMA flow diagram with the screening and selection procedure 
with reasons for exclusion is presented in Fig. 1. From these 39 studies, 7 studies compared 
one phototherapy with another or with no phototherapy as an addition to the surgical 
treatment in vitiligo; these studies were marked as ‘comparative’.10-16 Furthermore, in the 
other 32 studies the results of only one phototherapy were presented; these studies 
were marked as ‘non-comparative’.17-48 In all studies, a total of 1624 patients with vitiligo 
were evaluated. The study characteristics of the eligible studies are presented in Table 1. 
In the eligible studies the following phototherapy modalities were studied: narrowband 
ultraviolet B (NBUVB, n=9), psoralen combined with ultraviolet A (PUVA, n=19), 
ultraviolet A (UVA, n=1), monochromatic excimer light or laser (MELi and MELa, n=4) 
and active sunlight exposure (n=9). The specific characteristics of the phototherapy per 
study can be found in the supplements.

Quality assessment
The risk of bias assessment of the RCTs and quality assessment of the case series are 
summarized in Table 2. We used the risk of bias tool in 13 RCTs and 1 clinical trial. We 
identified 25 case series which we critically appraised with the Quality Assessment 
Checklist of case series (Supplement S3).

Comparative studies
These studies investigated the effect of different phototherapy regimens on the outcome 
of PG (n=4), SBG (n=1), CAMT (n=1) and NCAMT (n=1). The results of the comparative 
studies are presented in Table 3.

Comparison between phototherapy and no phototherapy
Ebadi et al. compared repigmentation in 39 lesions within 10 patients after NCAMT with 
or without MELa treatment. Median repigmentation was higher for the combination 
NCAMT and MELa than for NCAMT alone (41.9% vs. 15.9%, p=0.01). More than 65% 
repigmentation in lesions treated with NCAMT and MELa or NCAMT alone was reached 
in 40% and 11.1% of lesions, respectively.
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Records screened on 
title and abstract

(n = 1815) 

Records excluded (n = 1397) 

‐ No vitiligo (774) 
‐ No transplantation intervention (n=602) 
‐ N < 10 (n=20) 
‐ No phototherapy (n=1)

Full-text articles 
assessed for eligibility

(n = 418) 

Full-text articles excluded (n = 379) 

‐ Different language (n=26) 
‐ No transplantation intervention (n=68) 
‐ N < 10 (n=82) 
‐ No phototherapy (n=82)
‐ No results vitiligo or treatment (n=38) 
‐ No quantitative repigmentation measure (n=11) 
‐ Conference abstract / Duplicate (n=72) 

Studies included in review (n = 39) 

‐ Comparative (n=7) 
‐ Non-comparative (n=32) 

CENTRAL
(n = 66) 

Figure 1 – Screening and selection procedure. This PRISMA flowdiagram shows the screening 
and selection procedure; n, number of studies.

Barman et al. compared repigmentation in 22 patients treated with PG and systemic 
PUVA (sPUVA) versus 28 patients treated with PG and topical fluocinolone acetonide 
0.1% cream once daily.16 Six months post grafting, no significant difference in 
pigmentspread was found between sPUVA and topical corticosteroids groups (6.38mm 
vs 6.94mm respectively, p>0.05).

In the case series of Lim et al., 105 SBG-grafts in 25 patients were treated with either pre-
and post-PUVA (n=65 grafts), pre-PUVA (n=26 grafts), post-PUVA (n=4 grafts) or without 
phototherapy (n=10 grafts). In 50-87.7% of the grafts 100% repigmentation was seen. 
No differences in percentage of SBG-grafts treated with or without PUVA that reached 
100% repigmentation were seen.
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Table 1 – Study characteristics.

Author,
year N

Study 
design

Age in 
years

(range)

Patient characteristics
I. Vitiligo type (% of 

patients)
II. Stability duration Phototherapy

Surgical 
treatment

Comparative studies

Barman,
2004

42 RCT 13-60 I. SV (59.5%);NSV (40.5%)
II. ≥ 6 mo

sPUVA PG

Ebadi,
2015

10 CT 21-48 I. NSV (100%)
II. ≥ 1 yr

MELa NCAMT

Lim,
1999

25 CS 14-64 I. NSV (52%), SV (32%), FV 
(16%)

II. > 3 yr

PUVA SBG

Linthorst 
Homan,
2012

14 RCT 18-69 I. NSV (100%)
II. ≥ 6 mo

MELa
NBUVB

PG

Sheth,
2012

10 RCT 21-74 I. Unknown
II. ≥ 6mo

MELi
NBUVB

PG

Tsuchiyama,
2016

13 CS 7-16 I. SV (100%)
II. Unknown

MELa
NBUVB

PG

Zhang,
2014

473 RCT 5-55 I. NSV (72%); SV (18%), uk 
(10%)

II. ≥ 6mo

NBUVB CAMT

Non-comparative studies

Awad,
2008

20 CS 5-44 I. NSV (60%), SV (20%), halo 
nevi (20%)

II. ≥ 3 months

K-UVA SBG

Babu,
2008

18 RCT 11-65 I. NSV (5.6%), SV (50%), focal 
(44.4%)
II. ≥ 1yr

PUVASOL PG
SBG

Boersma,
1995

19 CS 15-55 I. NSV (100%)
II. ≥ 6 mo

UVA PG

Budania,
2012

41 RCT 12-40 I. NSV (36.6%), SV (39%), FV 
(24.4%)
II. ≥ 1yr

Sunlight NCAMT
SBG

Chen,
2000

25 CS 13-72 I. SV (100%)
II. ≥ 1yr

Sunlight CAMT

Czajkowski,
2007

40 RCT 14-59 I. Unknown
II. ≥ 6 mo

sPUVA SBG
CAMT

De Leeuw, 
2011

19 RCT 25-68 I. Unknown
II. ≥ 1 yr

K-NBUVB SBG

El-Zawahry,
2011

25 CS 8-45 I. NSV (84%), SV (8%), FV (8%)
II. ≥ 1 yr

PUVA NCAMT
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Table 1 – (continued)

Author,
year N

Study 
design

Age in 
years

(range)

Patient characteristics
I. Vitiligo type (% of 

patients)
II. Stability duration Phototherapy

Surgical 
treatment

Ghorpade,
2004

10 CS 18-65 I. Unknown
III. ≥ 1 yr

PUVASOL PG

Gupta,
2002

10 CS 11-19 I. NSV (70%), SV (20%), FV 
(10%)

II. ≥ 1 yr

sPUVA SBG

Hallaji,
2003

20 CS 13-40 I. NSV (40%), SV (20%), FV 
(40%)

II. ≥ 6 mo

tPUVA PG

Holla,
2014 

31 CS 10-38 I. NSV (38.7%), SV (51.6%), FV 
(9.7%)

II. unknown

Sunlight NCAMT

Holla,
2013

36 CS 16-47 I. NSV (91.7%), FV (8.3%)
II. ≥ 1 yr

Sunlight NCAMT

Khandpur,
2005

64 RCT 10-42 I. NSV (50%), SV (26.6%), FV 
(23.4%)

II. ≥ 6 mo

PUVASOL PG
STG

Krishnan,
2012

26 CS 15-28 I. Unknown
II. ≥ 1 yr

PUVASOL NCAMT

Lahiri,
2006

66 CS 21-48 I. NSV(39.4%), SV(27.3%), 
FV(21.2%), other(12.1%)

II. ≥ 6 mo

NBUVB PG

Majid,
2012

40 CS uk I. Unknown
II. ≥ 1 yr

NBUVB STG

Malakar,
2004

108 CS uk I. NSV (53.7%), other (46.3%)
II. ≥ 6 mo

PUVASOL PG

Mapar,
2014

25 RCT 20-47 I. NSV (100%)
II. ≥ 1 yr

NBUVB PG
HFT

Matsuzaki,
2013

27 CS 9-48 I. NSV (25.9%), SV(74.1%)
III. unknown

Sunlight CAMT

Olsson,
1997

19 CS 12-62 I. NSV (94.7%), SV (5.3%)
II. unknown

Sunlight STG

Pai,
2002

29 CS 14-60 I. NSV (10.3%), localized 
(89.7%)

II. Unknown

PUVA PG
SBG

Pianigiani,
2005

93 CS 14-62 I. NSV (19.4%), SV (28.0%), FV 
(52.7%)
II. ≥ 2 yr

NBUVB CAMT

Sachdev,
2000

13 CS 19-58 I. NSV (23.1%), FV (7.7%), u.k. 
(69.2%)

II. Unknown

PUVA PG
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Table 1 – (continued)

Author,
year N

Study 
design

Age in 
years

(range)

Patient characteristics
I. Vitiligo type (% of 

patients)
II. Stability duration Phototherapy

Surgical 
treatment

Sahni,
2011

13 CS 8-17 I. NSV (46.2%), SV (46.2%), FV 
(7.7%)

II. ≥ 1 yr

Sunlight NCAMT

Sahni,
2011

25 RCT 14-55 I. NSV (72%), SV (12%), FV 
(16%)

II. Mean ± SD: 3.0 ± 3.5 and 
3.3 ± 4.2

Sunlight NCAMT

Sarkar,
2001

15 CS 16-42 I. SV (100%)
II. Unknown

PUVASOL PG

Singh,
1995

32 CS 11-60 I. NSV (6.3%), SV (37.5%), FV 
(56.3%)
II. ≥ 1 yr

PUVASOL PG

Singh,
1997

55 CS 10-30 I. SV, FV (% percentage 
unknown)

II. Unknown

PUVASOL PG

Suga,
1996

28 CS 12-60 I. NSV (28.6%), SV (35.7%), FV 
(35.7%)

II. Unknown

tPUVA SBG

Tegta,
2006

20 RCT 10-54 I. NSV (55%), SV (20%), FV 
(25%)

II. ≥ 1 yr

Sunlight NCAMT

Verma,
2014

25 RCT u.k. I. NSV (72%), SV (8%), FV 
(12%), other (8%)

II. ≥ 1 yr

PUVASOL NCAMT
CAMT

N, number of patients; CS, case series; RCT, randomized controlled trial; CT, clinical trial; NSV, non-segmental vitiligo; 
SV, segmental vitiligo; FV, focal vitiligo; SBG, suction blister grafting; K-UVA, khelline application with ultraviolet A 
phototherapy; PUVASOL, psoralen combined with sunlight exposure; sPUVA, systemic psoralen combined with 
ultraviolet A phototherapy; UVA, ultraviolet A phototherapy; K-NBUVB, khelline application with narrowband ultraviolet 
B phototherapy; MELa, monochromatic excimer laser; PUVA, psoralen combined with ultraviolet A phototherapy; tPUVA, 
topical psoralen combined with ultraviolet A phototherapy; NBUVB, narrowband ultraviolet B phototherapy;  MELi, 
monochromatic excimer light; PG, punchgrafting; NCAMT, non-cultured autologous melanocyte transplantation; CAMT, 
cultured autologous melanocyte transplantation; STG, split-thickness grafting; HFT, hair follicle transplantation

Zhang et al. assessed repigmentation after CAMT in 437 patients randomly allocated 
to four different study groups. Group 1 received NBUVB before CAMT, group 2 NBUVB 
after CAMT, group 3 NBUVB before and after CAMT, and group 4 received CAMT only. Six 
months after transplantation the mean repigmentation was higher in the groups treated 
with CAMT and NBUVB (79.9-87.7%) than with CAMT only (68.1%). The differences 
between the four groups were statistically significant (p <0.001).10
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Table 2 - Risk of bias assessment of clinical trials.
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Babu, 2008 Unclear Unclear High Unclear Low Unclear

Barman, 2004 Unclear Unclear High Unclear Low Unclear

Budania, 2012 Unclear Unclear High Unclear Low Unclear

Czajkowski, 2007 Unclear Unclear High Unclear Unclear High

De Leeuw, 2011 Unclear Unclear High Low Unclear Unclear

Ebadi, 2015 High High High Unclear Low High

Khandpur, 2005 Unclear Unclear High Unclear Low High

Linthorst, 2012 Low Unclear High Unclear Low Low

Mapar, 2014 Low Unclear High Unclear Low Unclear

Sahni, 2011 Low Unclear High Unclear Unclear Unclear

Sheth, 2012 Low Unclear High Low Low Low

Tegta, 2006 Unclear Unclear High Unclear Low High

Verma, 2014 Unclear High High High Low Unclear

Zhang, 2014 Low Unclear High Unclear Unclear Unclear

Comparison between different phototherapies
Linthorst Homan et al. compared repigmentation in 14 patients with non-segmental 
vitiligo after punchgrafting with subsequent MELa or NBUVB. In this intra-patient 
comparison, mean repigmentation 4 weeks post punchgrafting was 31% after MELa 
and 38% after NBUVB. Although >75% repigmentation was more frequently observed 
in the lesions treated with NBUVB (21%) than with MELa (14%), no significant differences 
were found (p>0.05).

Sheth et al. compared repigmentation in 10 patients treated with punchgrafting 
combined with either MELi or NBUVB in an intra-patient comparison. Median 
repigmentation of 13% in the NBUVB-lesions versus 9% in the MELi-lesions were found 
(p>0.05). The mean pigmentspread was higher (p>0.05) in the group with NBUVB (4.5 
times original size) than in the MELi lesions (2 times original size).
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Table 3 – Repigmentation results of comparative studies.

Author,
year FU Outcomes N Intervention Results

Barman,
2004

6 mo Mean pigmentspread 17 PG + sPUVA 6.38

25 PG + topical 
CS

6.94

Ebadi,
2015

u.k. I. Median % repigmentation
II. 95-100% repigmentation
III. 65-94% repigmentation
IV. 25-64% repigmentation
V. 0-24% repigmentation

9* NCAMT I. 15.9%
II. 0%

III. 11.1%
IV. 33.3%
V. 55.6%

10* NCAMT + 
MELa

I. 41.9%
II. 20%
III. 20%
IV. 40%
V. 20%

10* Only MELa I. 4.7%
II. 0%
III. 0%

IV. 10%
V. 90%

10* No treatment I. 0.1%
II. 0%
III. 0%
IV. 0%

V. 100%

Lim,
1999

2 mo I. 100% repigmentation
II. 0% repigmentation

65* Pre-and post 
PUVA + SBG

I. 87.7%**
II. 4.6%**

26* Pre PUVA + 
SBG

I. 53.8%**
II. 11.5%**

4* Post PUVA + 
SBG

I. 50%**
II. 50%**

10* SBG I. 80%**
II. 10%**

Linthorst 
Homan,
2012

4w I. >75% repigmentation
II. Mean repigmentation

14 PG + MELa I. 14%
II. 31%

PG + NBUVB I. 21%
II. 38%

Sheth,
2012

12w I. Median repigmentation
II. Mean pigment spread

(times original size)

10 PG + MELi I. 9%
II. 2 times

PG + NBUVB I. 13%
II. 4.5 times

Tsuchiyama, 
2016

6-32 
mo

Mean repigmentation 11 PG + MELa 80.3%

2 PG + NBUVB 89%
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Table 3 – (continued)

Author,
year FU Outcomes N Intervention Results

Zhang,
2014

6 mo I. Mean repigmentation
II. > 90% repigmentation

III. 50-89% repigmentation
IV. 20-49% repigmentation
V. 0-19% repigmentation

108 CAMT + 
preNBUVB

I. 83.5%
II. 68.5%
III. 24.1%
IV. 1.8%
V. 5.6%

113 CAMT + 
postNBUVB

I.  79.9%
II. 61.9%
III. 27.4%
IV. 8.0%
V. 2.7%

116 CAMT + 
preNBUVB + 
postNBUVB

I. 87.7%
II. 81.3%
III. 13.8%
IV. 4.3%
V. 0.9%

110 CAMT + No PT I. 68.1%
II.  43.6%
III. 29.1%
IV. 19.1%
V. 8.2%

FU, follow-up duration after treatment;  N, number of patients; mo, months; u.k., unknown; w, weeks; PG, punchgrafting; 
sPUVA, systemic psoralen combined with ultraviolet A phototherapy; CS, corticosteroids; NCAMT, non-cultured 
autologous melanocyte transplantation; MELa, monochromatic excimer laser; PUVA, psoralen combined with ultraviolet-A 
phototherapy; SBG, suction blister grafting; NBUVB, narrowband ultraviolet B phototherapy; MELi, monochromatic 
excimer light; CAMT, cultured autologous melanocyte transplantation; PT, phototherapy; * number of treated lesions or 
grafts; ** repigmentation per graft

In the case series of Tsuchiyama et al., 11 patients were treated with MELa after PG and 2 
patients with NBUVB after PG. The mean repigmentation between the MELa and NBUVB 
post grafting was similar (80.3% vs. 89%, respectively).

In the study of Zhang et al., mean repigmentation was not significantly different between 
patients treated with NBUVB before (83.5%), NBUVB after (79.9%) or NBUVB before and 
after (87.7%) CAMT. More patients showed >90% repigmentation after grafting in the 
group treated with pre- and post NBUVB (81.3%) than in the groups treated with pre-
NBUVB (68.5%) or post NBUVB (61.9%).
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Non-comparative studies
We identified 23 studies investigating only one transplantation technique (PG=9, 
SBG=3, NCAMT=5, CAMT=3, STG=2) and 10 studies comparing different transplantation 
techniques within or between patients. In the supplements a table with the results per 
non-comparative study can be found (Supplement S5). No eligible non-comparative 
studies investigating MELi or MELa were found.

PUVA
We identified 17 studies assessing the repigmentation after melanocyte transplantation 
in combination with PUVA (systemic PUVA n=2, topical PUVA n=3, PUVASOL n=9, 
unknown type n=3). In 3 studies, >75% repigmentation was found in 44-69% of patients 
treated with PG, in 0-80% of patients treated with SBG, and in 83% of patients treated 
with STG combined with PUVA.38,41,43 In 5 studies, 100% repigmentation was found in 
25-99% of patients treated with SBG, in 66%-100% of patients treated with PG, and in 
50% of patients treated with CAMT combined with PUVA.33,35,44,46,48 In 6 studies, >90% 
repigmentation was found in 23%, 39%, 65%, 72%, 80% and 100% of treated patients. 
33,36,39,40,42,45 Mean pigmentspread was assessed in 2 studies and ranged from 3.9-5.4 
mm.36,44

NBUVB
We identified 5 studies which examined NBUVB.  One study found a mean repigmentation 
of 65.3% after SBG combined with NBUVB and khelline application.31 In 1 case study, 
100% repigmentation was found in 60% of patients treated with CAMT and NBUVB. 27 
In the case study of Majid et al., >90% repigmentation was found in 83% of patients 
treated with STG and subsequent NBUVB. Mean pigmentspread was addressed in 2 
studies and ranged from 5.0-6.5mm.28,30

UVA
We identified only one study that addressed the repigmentation after melanocyte 
transplantation and UVA.26 In this case series, >80% repigmentation was found in 38.9% 
of all lesions treated with PG and UVA.

Sunlight exposure
In 9 studies the repigmentation after melanocyte transplantation and active sunlight 
exposure was assessed. Most studies (n=8) were performed in sunny areas (India 
n=6, Taiwan n=1, Japan n=1), whereas one study was performed in Sweden. Six 
studies found >75% repigmentation in 0-93% of patients and in 45-100% of lesions 
treated with NCAMT and in 85% of patients treated with SBG combined with sunlight 
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exposure.17-19,22,23,25 Olsson et al. found 100% repigmentation in 49% of lesions after STG 
followed by sunlight exposure. Five studies found  >90% repigmentation in 29-79% of 
lesions and in 44-89% of patients treated with NCAMT, in 52% of patients treated with 
CAMT, and in 27% of patients treated with SBG combined all combined with sunlight 
exposure.18,19,21,22,25

DISCUSSION
In this study, we reviewed 39 studies investigating 1624 patients with vitiligo. The 
results of our systematic review suggest that phototherapy improves the outcome of 
melanocyte transplantation in vitiligo.

We found 2 RCTs, 1 clinical trial and 1 case series comparing phototherapy (MEL, PUVA, 
UVB) with no phototherapy after melanocyte transplantation.10,14-16 These studies 
confirm the benefit of phototherapy for melanocyte transplantation. Recent guidelines 
and a recent systematic review also have recommended combination therapy in the 
treatment of vitiligo and state that combination therapies are associated with more 
repigmentation than monotherapies.3,5,49,50 Four studies directly compared phototherapy 
modalities. These studies found no significant differences in repigmentation between 
phototherapy modalities.

The eligible studies showed high heterogeneity in terms of outcome measures, 
transplantation techniques, stability of vitiligo, phototherapy regimen, quality and 
follow-up duration. Most studies (n=25) included different subtypes of vitiligo, such as 
non-segmental and segmental vitiligo, but in only 14 of 39 studies13-15,18,21,24,26,28,33,36,37,42,43,45 
the results per subtype were provided. Basically, melanocyte transplantation is more 
effective in patients without a persisting auto-immunity against melanocytes, such 
as in segmental vitiligo. Due to the high heterogeneity and unavailable data per 
subtype, we were not able to pool the data, compare the results between modalities 
and perform a sub-analysis per vitiligo subtype. We also found a high variation in 
measurement instruments, which further impedes the comparison between studies. 
Therefore, consensus on a core set of measurement instruments is essential. Only 13 
studies reported the duration of the phototherapy (< 6 months = 10 studies, 6 months 
= 3 studies, unknown = 26 studies). The timing of the phototherapy was mainly 
post-grafting (n=37 studies), although 2 studies also showed a beneficial effect of 
NBUVB pre-grafting. Hypothetically, pre-treatment with phototherapy induces more 
immunosuppression on the acceptor site and melanocyte stimulation on the donor 
site, leading to more repigmentation after grafting. In the eligible studies, PUVA (n=19 
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studies) was more frequently used as phototherapy than NBUVB (n=9 studies). In 1997, 
there was a shift of paradigm in the phototherapy of vitiligo (i.e. from PUVA to NBUVB) 
as Westerhof et al. were the first to show that NBUVB was as effective as PUVA.51 Only 
3 out of 19 eligible studies investigating PUVA dated before this publication in 1997, 
although recent international guidelines recommend NBUVB as standard monotherapy 
in vitiligo due to the favorable safety profile.5

A limitation of our review is that we were not able to pool the results per phototherapy 
modality and/or transplantation technique due to the high heterogeneity between 
studies. Another limitation is that we included all techniques of melanocytes 
transplantation even though repigmentation is known to depend on the transplantation 
technique. We were not able to pool the results per transplantation technique as the 
procedures of similar transplantation techniques were different between studies. Lastly, 
we included both prospective and retrospective clinical studies, which led to low quality 
of the evidence and unknown biases.

We recommend NBUVB as the standard phototherapy after melanocyte transplantation. 
The  immunosuppressive effects and safety profile of NBUVB make this modality the most 
preferred phototherapy option, especially in non-segmental vitiligo. A recent systematic 
review and meta-analysis also shows that monotherapy with NBUVB is even as and in 
some studies more effective than PUVA in vitiligo.52 The other available phototherapy 
modalities also have more potential limitations than NBUVB. PUVA for example has 
more phototoxic effects and a higher potential risk on skin cancer than NBUVB whereas 
MEL is only appropriate for small areas and only provides immunosuppression locally.52 
The frequency, duration, initial dose, dose adjustments, timing of phototherapy and 
cumulative dose of the phototherapies varied significantly between studies and no 
recommendation can be made on which treatment scheme should be used.

In conclusion, the results of our review suggest that phototherapy improves the 
outcome of melanocyte transplantation in vitiligo. We recommend NBUVB as standard 
phototherapy after melanocyte transplantation. More prospective randomized 
controlled studies are needed to investigate the additional benefit of the different 
phototherapy modalities and the preferred moment of phototherapy for non-segmental 
and segmental vitiligo separately.
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SUPPLEMENTS

Supplements S1 - Search

Search strategy per database
MEDLINE
(vitiligo OR "Vitiligo"[Mesh]) AND (surgical OR surgery OR graft* OR transplantation OR transfer 
OR "Melanocytes/transplantation"[Mesh] OR "Keratinocytes/transplantation"[Mesh] OR "Skin 

Transplantation"[Mesh] OR "Transplantation, Autologous"[Mesh])

EMBASE:
(vitiligo) AND (surgical OR surgery OR graft* OR transplantation OR transfer)

CENTRAL:
(vitiligo) AND (surgical OR surgery OR graft* OR transplantation OR transfer)

Terms for search
Terms for vitiligo
Non-MESH: Vitiligo; Depigmentation; Hypopigmentation
MESH: Vitiligo (MESH); Vitiligo/surgery (MESH); Vitiligo/therapy (MESH)

Terms for melanocyte transplantation
Non-MESH: Surgery; Surgical treatment; Surgical therapy; Graft*; Transplantation; Skin 
transplantation; Cell suspension; Tissue transplantation; Tissue graft*; Cell* transplantation; 
Cell* graft*; Cultured melanocyte*; Non-cultured melanocyte*; Melanocyte* transplantation; 
Melanocyte-keratinocyte transplantation; Melanocyte-keratinocyte suspension; Epidermal 
cell transplantation; Blister roof transplantation; Epidermal blister graft*; Thiersch graft*; 
Epidermal cellular grafting; Melanocyte* transfer; Melanocyte* keratinocyte* transplantation; 
Cell suspension transplantation; Epidermal cell suspension transplantation; Keratinocyte-
melanocyte graft*; Epidermal graft*; Autologous epidermal graft*; Epithelial graft*; Punchgraft*; 
Punch graft*; Minigraft*; Mini graft*; Minipunchgraft*; Mini-punchgraft*; Mini-punch graft*; Mini 
punch graft; Minipunch graft*; Suction blister graft*; Suction blister transplantation; Suction 
blister epidermal graft*; Suction epidermal graft*; Split-thickness graft*; Miniature punch graft*; 
Miniature skin punch graft*; Split-thickness skin graft*; Split-skin graft*
MESH: Melanocytes/transplantation (MESH); Keratinocytes/transplantation (MESH); Skin 
transplantation/methods (MESH); Transplantation, autologous (MESH)
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Terms for phototherapy
Non-MESH: Phototherapy; PUVA; PUVASOL; PUVA-SOL; Excimer; UV; UVA; UVB; NB-UVB; NBUVB; 
Narrowband; Ultraviolet; Ultraviolet-A; Ultraviolet-B; Light; Sunlight; Sun; Helium-Neon
MESH: PUVA Therapy (MESH); Lasers, Excimer/therapeutic use (MESH); Melanocytes/
radiation effects (MESH); Ultraviolet Rays (MESH); Phototherapy (MESH); Ultraviolet; Therapy/
instrumentation (MESH) ; Ultraviolet Therapy/methods (MESH)
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Supplements S2 – Adapted Quality Appraisal tool for Case series

Title:
Author, year:

Yes / no

Study objective 

1. Is the hypothesis/aim/objective of the study stated clearly in the abstract, introduction, or 
methods section? 

Study population 

2. Are the characteristics (age, gender, type of vitiligo) of the participants included in the study 
described? 

3. Were the cases collected in more than one centre? 

4. Are the eligibility criteria (inclusion and exclusion criteria) for entry into the study explicit 
and appropriate?
(stability, type of vitiligo, treatment before study start)

5. Were participants recruited consecutively? 

6. Did participants enter the study at a similar point in the disease?
(stability)

Intervention and co-intervention 

7. Was the intervention clearly described in the study?
(type of UV treatment (duration, frequency) and transplantation technique)

8. Were additional interventions (co-interventions) clearly reported in the study?
(Prolongation UV, Wound dressing, local immunosuppressants)

Outcome measure 

9. Are the outcome measures clearly defined in the introduction or methods section?
(which outcome measure, blinded/nonblinded, method of measuring)

10. Were relevant outcomes appropriately measured with objective and/or subjective 
methods? 

11. Were outcomes measured before and after intervention? 

Statistical analysis 

12. Were the statistical tests used to assess the relevant outcomes appropriate? 

Results and conclusions 

13. Was the length of follow-up reported? 

14. Was the loss to follow-up reported? 

15. Does the study provide estimates of the random variability in the data analysis of relevant 
outcomes? 

16. Are adverse events reported? 

17. Are the conclusions of the study supported by results? 

Competing interests and sources of support 

18. Are both competing interests and sources of support for the study reported? 

Total yes:
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Supplements S3 – Quality Appraisal Case series

             
Question
Author 1 2 3 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  To

ta
l y

es

Awad Yes Yes Yes Yes No Yes Yes Yes No No No No Yes No No Yes Yes Yes 11

Boersma Yes Yes No Yes No Yes Yes No Yes Yes No No Yes Yes No Yes Yes No 11

Chen Yes Yes No Yes Yes Yes No No No No No No Yes Yes No Yes Yes No 9

El-Zawahry Yes Yes No Yes No Yes No Yes Yes Yes Yes No Yes No No No Yes Yes 11

Ghorpade Yes Yes No No No Yes No Yes No No No No No No No Yes Yes No 6

Gupta Yes Yes No Yes No Yes No No No No No No Yes Yes No Yes Yes No 8

Hallaji Yes Yes No Yes No Yes Yes No No No No No Yes Yes No Yes Yes No 9

Holla Yes Yes No No No No Yes Yes Yes Yes Yes No Yes No No No Yes Yes 10

Holla Yes Yes No Yes No Yes Yes Yes No No Yes No Yes No No Yes Yes Yes 11

Krishnan No Yes No Yes No Yes No No No No No No No No No Yes Yes Yes 6

Lahiri No Yes No No No Yes Yes Yes No Yes No No Yes Yes No Yes Yes No 9

Lim No Yes No Yes No Yes No No No No No No Yes Yes No Yes No No 6

Majid Yes No No Yes No Yes Yes Yes No No No No Yes No No Yes No No 7

Malakar Yes Yes No Yes No Yes No No No No No No Yes No No Yes No No 6

Matsuzaki Yes Yes No No No No Yes No No No No Yes Yes No No Yes Yes Yes 8

Olsson No Yes No Yes No No No No No No No No Yes Yes No Yes Yes Yes 7

Pai Yes Yes No No No No Yes Yes No No No No No No No No No No 4

Piangiani Yes Yes No No No Yes Yes Yes Yes Yes Yes No Yes No No Yes Yes No 11

Sachdev Yes Yes No Yes No No No No No No No No Yes Yes No Yes Yes No 7

Sahni Yes Yes No Yes No Yes No No No No No No Yes Yes No Yes Yes No 8

Sarkar Yes Yes No Yes No Yes No No No No No No No No No Yes Yes No 6

Singh (1995) No Yes No Yes No Yes No No No No No No Yes Yes No Yes Yes No 7

Singh (1997) No Yes No No No No No No No No No No Yes Yes No Yes No No 4

Suga Yes Yes No No No No No No No No No No No No No No No No 2

Tsuchiyama Yes Yes No Yes Yes Yes No No No No No No Yes Yes No Yes Yes No 9
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Supplements S4 – Phototherapy regimen per study.

Author,
year

Phototherapy
a. Pre/post-surgery

b. Frequency/duration
c. Initial dose

d. Dose adjustment
e. Cumulative dose

Awad,
2008

K-UVA
a. 1w post; b. 2-3 times/w; c. 2 J/m2; d. 25%/treatment; e. unknown

Babu,
2008

PUVASOL
a. 1w post; b. unknown; c. unknown; d. unknown; e. unknown

Barman,
2004

sPUVA
a. 4w post; b. 2 times/w; c. unknown; d. unknown; e. unknown

Boersma,
1995

UVA
a. 2w post; b. 2 times/w; c. 10 J/cm2; d. unknown; e. unknown

Budania,
2012

Sunlight
a. 8d post; b. Daily (5-30 minutes); c. unknown; d. unknown; e. unknown

Chen,
2000

Sunlight
a. 7-10 d post; b. unknown; c. unknown; d. unknown; e. unknown

Czajkowski,
2007

sPUVA
a. post; b. 3 times/w, 6 mo; c. 0.5J/cm2; d. unknown; e. unknown

De Leeuw, 2011 K-NBUVB
a. 1w post; b. 3 times/w; c. 1 minute; d. 50%/2 sessions; e. unknown

Ebadi,
2015

MELa
a. 2w post; b. 2-3 times/w; c. 200 mJ/cm2; d. 0-100 mJ/cm2; e. unknown

El-Zawahry,
2011

PUVA
a. 3w post; b. 3 times/w; c. unknown; d. unknown; e. unknown

Ghorpade,
2004

PUVASOL
a. 2w post; b. unknown; c. unknown; d. unknown; e. unknown

Gupta,
2002

sPUVA
a. 8d post; b. 3-6 mo; c. unknown; d. unknown; e. unknown

Hallaji,
2003

tPUVA
a. 3 mo post; b. 3 times/week; 4 mo; c. 15s; d. 10s/session; e. unknown

Holla,
2014 

Sunlight
a. 6-8 d post; b. Daily; up to 4 mo; c. 20 min; d. unknown; e. unknown

Holla,
2013

Sunlight
a. 7-10 d post; b. Min. 4 mo; c. unknown; d. unknown; e. unknown

Khandpur,
2005

PUVASOL
a. 2w post; b. 3-4times/week; c. unknown; d. unknown; e. unknown

Krishnan,
2012

PUVASOL
a. 2w post; b. unknown; c. unknown; d. unknown; e. unknown

Lahiri,
2006

NBUVB
a. post; b. 2 times/w; c. 500mJ/cm2; d. 10-20%/treatment; e. max: 2270mJ/cm2
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Lim,
1999

Pre-PUVA
a. unknown; b. unknown; c. unknown; d. unknown; e. unknown

Post PUVA
a. unknown; b. 1 mo; c. unknown; d. unknown; e. unknown

Linthorst Homan,
2012

MELa
a. 1w post; b. 2 times/w, 12w ; c. 0.05 J/cm2; d. 0.025-0.10J/cm2; e. Mean ± SD: 7.3 ± 

3.5 J/cm2

NBUVB
a. 1w post; b. 2 times/w, 12w; c. 0.25 J/cm2; d. 50 mJ/cm2; e. Mean ± SD: 25.6 ± 11.6 J/

cm2

Majid,
2012

NBUVB
a. 10-14 d post; b. 3 times/w, 1-3 mo; c. 200mJ/cm2; d. 0-20%/treatment; e. unknown

Malakar,
2004

PUVASOL
a. post; b. unknown; c. unknown; d. unknown; e. unknown

Mapar,
2014

NBUVB
a. 1w post; b. 2 times/w; 6 mo; c. 0.2J/cm2; d. 20%/treatment; e. unknown

Matsuzaki,
2013

Sunlight
a. 3w post; b. Daily; 6 mo; c. 5-10 min; d. unknown; e. 30min-1h

Olsson,
1997

Sunlight
a. post; b. unknown; c. unknown; d. unknown; e. unknown

Pai,
2002

Pre-PUVA
a. pre; b. unknown; c. unknown; d. unknown; e. unknown

Post PUVA
a. 15d post; b. unknown; c. unknown; d. unknown; e. unknown

Pianigiani,
2005

NBUVB
a. 3w post; b. 2 times/w; 4 mo; c. 200mJ/cm2; d. unknown; e. max: 1800mJ/cm2

Sachdev,
2000

PUVA
a. 6-8 w pre and 2 w post; b. 3 times/w; c. unknown; d. unknown; e. unknown

Sahni,
2011

Sunlight
a. 8d post; b. Daily; c. unknown; d. unknown; e. max: 30 min

Sahni,
2011

Sunlight
a. post; b. Daily; c. 30 min; d. unknown; e. unknown

Sarkar,
2001

PUVASOL
a. post; b. unknown; c. unknown; d. unknown; e. unknown

Sheth,
2012

MELi
a. 1w post; b. 3 times/w, 12w; c. 200mJ/cm2; d. 50 mJ/treatment; e. unknown

NBUVB
a. 1w post; b. 3 times/w, 12w; c. 200mJ/cm2; d. 15%/treatment; e. unknown

Singh,
1995

PUVASOL
a. post; b. unknown; c. unknown; d. unknown; e. unknown

Singh,
1997

PUVASOL
a. post; b. unknown;  . unknown; d. unknown; e. unknown 

Suga,
1996

tPUVA
a. pre; b. unknown; c. 10-50 J/cm2; d. unknown; e. unknown
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Tegta,
2006

Sunlight
a. post; b. Daily; c. 15-20 min. ; d. unknown; e. unknown

Tsuchiyama,
2016

MELa
a. 1w post; b. 3 mo; c. unknown; d. unknown; e. unknown

NBUVB
a. 1w post; b. 3 mo; c. unknown; d. unknown; e. unknown

Verma,
2014

PUVASOL
a. post; b. unknown; c. unknown; d. unknown; e. unknown

Zhang,
2014

preNBUVB
a. 10w pre; b. 2 times/week; c. 0.40 J/cm2; d. 0.10J/cm2 per 2; e. 20 sessions

postNBUVB
a. 2w postv b. 2 times/week ; c. 0.40 J/cm2; d. 0.10J/cm2; e. 30 sessions

Supplements S5 – Results per non-comparative study.

Author, 
year

Study 
design N

Follow-
up Outcomes Intervention Results

PUVA

Awad,
2008

CS 20 2-3 mo 100% repigmentation SBG + K-UVA 30%

Babu,
2007

RCT 18 1-3 mo 51-100% repigmentation PG + 
PUVASOL

75%

SBG + 
PUVASOL

60%

Czajkowski, 
2007

RCT-
IPC

40 6 mo 100% repigmentation CAMT + 
sPUVA

50%

SBG + sPUVA 98.7%

El-Zawahry, 
2011

CS 25 6-17mo I. 90-100% 
repigmentation

II. 50-89% repigmentation
III. 20-49% repigmentation
IV. <20% repigmentation

NCAMT + 
PUVA

I. 23%
II. 32%
III. 27%
IV. 18%

Ghorpade, 
2004

CS 10 2 yr I. Median pigment spread
II. 100% repigmentation

PG + 
PUVASOL

I. 4.0 mm
II.100%

Gupta,
2002

CS 10 3-6mo >75% repigmentation SBG + sPUVA 80%

Hallaji, 
2003

CS 20 4 mo I. 90-100% 
repigmentation

II. 25-50% repigmentation
III. 0% repigmentation

PG + tPUVA I. 65%
II. 15%
III. 20%
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Khandpur, 
2005

RCT 64 3 mo >75% repigmentation PG + 
PUVASOL

44.1%  

STG + 
PUVASOL

83.3%

Krishnan, 
2012

CS 26 5 mo >90% repigmentation NCAMT + 
PUVASOL

100%

Malakar, 
2004

CS 108 2-5 
mo

I. 90-100% 
repigmentation

II. 70-90% repigmentation
III. 50-70% repigmentation

IV. 30-50% 
repigmentation

V. 0-30% repigmentation
VI. 0% repigmentation

PG + 
PUVASOL

I. 72.2%
II. 1.9%
III. 7.4%
IV. 5.6%
V. 1.9%
VI. 9.3%

Pai,
2002

CS-IPC 29 n.a. I. 75-100% 
repigmentation

II. 50-75% repigmentation
III. 25-50% repigmentation

PG + PUVA I. 50% (lesions)
II. 50% (lesions)
III. 0% (lesions)

SBG + PUVA I. 0% (lesions)
II. 60% (lesions)
III. 40% (lesions)

laserPG + 
PUVA

I. 68.8%(lesions)
II. 31.3%(lesions)

III. 0%(lesions)

laserSBG + 
PUVA

I. 0%(lesions)
II. 100%(lesions)
III. 0%(lesions)

Sachdev, 
2000

CS 13 32w 0% repigmentation PUVA + PG + 
PUVA

14.4% (lesions)

Sarkar, 
2001

CS 15 n.a. I. 90-100% 
repigmentation

II. 70% repigmentation
III. 60% repigmentation

IV. Mean pigment spread

PG + 
PUVASOL

I. 80%
II. 13.3%
III. 6.7%

IV. 5.4 mm

Singh,
1995

CS 32 2-6 
mo

I. Pigmentspread 1-4mm
II. Pigmentspread 5-8mm

III. Pigmentspread 
9-12mm

IV. Pigmentspread > 
13mm

PG + 
PUVASOL

I. 22.2% (lesions)
II. 42.2% (lesions)

III. 28.9% 
(lesions)

IV. 6.7% (lesions)

Singh,
1997

CS 55 6mo – 
3yr

100% repigmentation PG + 
PUVASOL

65.5%
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Suga,
1996

CS 28 3 mo I. 100% repigmentation
II. 95-100% 

repigmentation
III. 90-100% 

repigmentation
IV. 85-100% 

repigmentation
V. 80-100% 

repigmentation
VI. 60-80% 

repigmentation
VII. 20-100% 

repigmentation
VIII. >10% repigmentation

IX. <5% repigmentation

tPUVA + SBG I. 25%
II. 35.7%
III. 39.3%
IV. 50%

V. 60.7%
VI. 71.4%
VII. 78.6%
VIII. 89.3%
IX. 10.7%

Verma, 
2013

RCT 25 6 mo I. > 70% repigmentation
II. 31-70% repigmentation
III. <31% repigmentation

CAMT + 
PUVASOL

I. 52% (lesions)
II. 1% (lesions)

III. 38% (lesions)

NCAMT + 
PUVASOL

I. 62% (lesions
II. 20% (lesions)
III. 18% (lesions)

NBUVB

De Leeuw,  
2011

RCT-
IPC

19 3-6mo Mean repigmentation SBG + 
K-NBUVB

65.3%

Lahiri,
2006

CS 66 18 mo Mean pigment spread PG + NBUVB 6.5mm

Majid,
2012

CS 40 3-12 mo > 90% repigmentation STG + NBUVB 83%

Mapar, 
2014

RCT-
IPC

25 6 mo Mean pigment spread PG + NBUVB 5.3 mm

HFT + NBUVB 5.0 mm

Pianigiani, 
2005

CS 93 18mo I. 100% repigmentation
II. 50-99% repigmentation

CAMT + 
NBUVB

I. 60%
II. 30%

UVA

Boersma, 
1995

CS 19 3-12 mo I. 80-100% 
repigmentation

II. 50-79% repigmentation
III. 0-50% repigmentation

PG + UVA I. 38.9% (lesions)
II. 27.8% (lesions)

III. 33.3% 
(lesions)

Sunlight

Budania, 
2012

RCT 41 16w I. 90-100% 
repigmentation

II. 75-89% repigmentation
III. > 75% repigmentation

NCAMT + 
Sunlight

I. 71%
II. 18%
III. 89%

SBG + 
Sunlight

I. 27%
II. 58%
III. 85%
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Chen,
2000

CS 25 3-20mo I. 95-100% 
repigmentation

II. 65-94% repigmentation

CAMT + 
Sunlight

I. 84%
II. 16%

Holla,
2013

CS 36 6-18mo I. >75% repigmentation
II. 50-75% repigmentation
III. <50% repigmentation

NCAMT + 
Sunlight

I. 63.8% (lesions)
II. 28.8% (lesions)
III. 7.5% (lesions)

Holla,
2014

CS 31 6mo – 
1yr

I. >75% repigmentation*
II. > 90% repigmentation*

III. 74-90% 
repigmentation*

IV. 25-75% 
repigmentation*

V. 0-25% repigmentation*
VI. 0% repigmentation*

*of leucotrichia

NCAMT + 
Sunlight

I. 45.2% (lesions)
II. 28.6% (lesions)

III. 16.7% 
(lesions)
IV. 23.8% 
(lesions)

V. 19% (lesions)
VI. 11.9% 
(lesions)

Matsuzaki, 
2013

CS 27 1yr I. >90% repigmentation
II. 50-90% repigmentation
III. 0-50% repigmentation

CAMT + 
Sunlight

I. 51.9%
II. 33.3%
III. 14.8%

Olsson, 
1997

CS 19 4-8mo I. Mean repigmentation
II. 100% repigmentation
III. 95% repigmentation
IV. 70% repigmentation
V. 50% repigmentation
VI. 20% repigmentation
VII. 10% repigmentation
VIII. 0% repigmentation

STG + 
Sunlight

I.75.1%(lesions)
II. 49.0% (lesions)

III. 16.3% 
(lesions)

IV. 8.2% (lesions)
V. 8.2% (lesions)
VI. 2.0% (lesions)

VII. 4.1% 
(lesions)

VIII. 12.2% 
(lesions)

Sahni,
 2011

CS 13 1 yr I. > 90% repigmentation
II. 75-90% repigmentation

NCAMT + 
Sunlight 

I. 79% (lesions)
II. 21% (lesions)

Sahni,
2011

RCT 25 16w I. >75% repigmentation
II. >90% repigmentation

III. 76-90% repigmentation
IV. 51-75% 

repigmentation
V. 25-50% repigmentation
VI. <25% repigmentation

NCAMT 
(saline) + 
sunlight

I. 66.7% (lesions); 
64.3% (patients)

II. 44.4% 
(patients)

III. 22% (patients)
IV. 11% 

(patients)
V. 11% (patients)

VI. 11% 
(patients)

NCAMT 
(serum) + 
sunlight

I. 94.4% (lesions); 
92.8% (patients)

II. 88.8% 
(patients)

III. 6% (patients)
IV. 6% (patients)
V. 0% (patients)
VI. 0% (patients)
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Tegta, 2006 RCT 20 12w I. >75% repigmentation
II. 51-75% repigmentation
III. 26-50% repigmentation
IV. 1-25% repigmentation

V. 0% repigmentation

NCAMT (1:3) 
+ Sunlight

I. 50%
II. 20%
III. 10%
IV. 0%
V. 20%

NCAMT (1:5) 
+  Sunlight

I. 0%
II. 10%
III. 20%
IV. 40%
V. 30%


