
SHEDDING LIGHT ON VITILIGO
Clinical, immunological and patients' perspectives

Vidhya S. Narayan





Shedding light on vitiligo
Clinical, immunological and patients’ perspectives

Vidhya Shankar Narayan



Shedding light on vitiligo; clinical, immunological and patients’ perspectives 
Academic thesis, University of Amsterdam, Amsterdam, the Netherlands

Author: V.S. Narayan
Cover and lay-out: Ilse Modder | www.ilsemodder.nl 
Printing: Gildeprint | www.gildeprint.nl

All rights reserved. Any unauthorized reprint or use of this material is prohibited. 
No part of this thesis may be reproduced, stored or transmitted in any form or by 
any means, without written permission of the author or, when appropriate, of the
publishers of the included papers.

This research was written at the department of Dermatology of the Amsterdam 
University Medical Centers, location Acadamic Medical Center. 

Part of the research described in this thesis was funded by Novartis Institutes for 
BioMedical Research. 

Financial support for the publication of this thesis was kindly provided by 

Pigmentfonds Nederland (pigmentfonds.nl), Vitiligo.nl, L’Oréal Dermatological 
Beauty, Humeca, Linde Homecare Benelux B.V, LEO Pharma, Eurocept Homecare, 
Olmed, Almirall, Eau Thermale Avène, Eucerin, Chipsoft, Van der Bend BV.



Shedding light on vitiligo
Clinical, immunological and patients’ perspectives

ACADEMISCH PROEFSCHRIFT

aan de Universiteit van Amsterdam

prof. dr. ir. P.P.C.C. Verbeek
ten overstaan van een door het College voor Promoties ingestelde commissie,

in het openbaar te verdedigen in de Aula der Universiteit

door Vidhya Shankar Narayan
geboren te VELDHOVEN



PROMOTIECOMMISSIE

Promotor:   prof. dr. R.M. Luiten   AMC-UvA

Copromotores:   dr. A. Wolkerstorfer   AMC-UvA
    

Overige leden:   
    prof. dr. M.A.G. Sprangers  AMC-UvA
    prof. dr. S.W. Tas   AMC-UvA
    
    prof. dr. N. Van Geel   Universiteit Gent
    
 
Faculteit der Geneeskunde



TABLE OF CONTENTS

PART 1  EVALUATION OF TOPICAL AND PHOTOTHERAPY RESPONSES 

segmental vitiligo

in non-segmental vitiligo 

conventional NB-UVB treatment in non-segmental vitiligo

PART 2  OPTIMIZATION OF SURGICAL TREATMENT 

Chapter 5 Donor to recipient ratios in the surgical treatment of 
vitiligo and piebaldism: a systematic review

Chapter 6a Meek micrografting: a novel surgical technique for the 
treatment of depigmentation

Chapter 6B Meek micrografting, a novel surgical technique for the 
treatment of vitiligo and piebaldism: A case series

PART 3  PATIENTS’ PERSPECTIVES ON TREATMENT AND OUTCOMES

Chapter 7 What is a successful repigmentation in vitiligo from 
patients’ view?

Chapter 8 Patients’ perspective on current treatments and demand 
for novel treatments in vitiligo 

Chapter 9 General discussion

Appendices List of contributing authors
  Contribution of the authors per article
  List of publications
  PhD portfolio
  About the author
  Dankwoord

9

27

55

89

129





C H A P T E R
General introduction



CHAPTER 1

1

GENERAL INTRODUCTION 

Vitiligo is the most common depigmenting skin disease affecting approximately 
The 

before Christ) with descriptions of the Sanskrit word ‘kilas’ meaning ‘which throws 
away colour’. As mentioned in the ancient description, vitiligo is characterised by 
white patches due to loss of pigment caused by the destruction of melanocytes. 
The disease may appear at any age, however the average onset is usually before the 

 Although problems like itch and sunburns are common, vitiligo 
generally does not lead to physical complaints.

Quality of life impairment and disease burden
Vitiligo is sometimes considered to be merely a cosmetic problem, however its 
psychosocial impact and social stigmatization in various countries must not be 
neglected . The disease is strongly associated with an impaired quality of life, as 
many of the patients feel stressed and stigmatized by their condition.  In addition, 

of life  describing several contributing factors such as dark skin type7,8, vitiligo 
extent  and localisation on exposed areas.  Furthermore, other studies have 
shown that vitiligo is associated with a substantial disease burden , which also 
may be related to the disease extent and localization of the vitiligo lesions. The 
importance of treatment is often underestimated due to the lack of recognition of 
the impact of the disease for patients. 

Diagnosis and measurement instruments
The diagnosis of vitiligo is usually straightforward, due to the typical clinical 
presentation with depigmented lesions. However, sometimes vitiligo is confused with 
other hypo- or depigmenting disorders, such as naevus depigmentosus, pityriasis alba 
or piebaldism. This last-mentioned disease, is an autosomal dominant depigmenting 
disorder, characterised by stable white patches usually located on the forehead (with 
poliosis) and the shins, present at birth. A distinction between hypopigmented and 
depigmented lesion can be made with aid of a (handheld) Wood’s lamp. This lamp 
emits ultraviolet A (UVA) light and can be used to identify depigmentations that may 
not be visible to the bare eye, especially in lighter skin types.  In addition, Wood’s 
light can be useful to improve the contrast between normally pigmented skin and 
depigmented skin when the lesional borders are not clear. Moreover, to monitor 
therapy response in daily practice or for study purposes, the Wood’s lamp is used 
to capture the lesions on photograph. If needed, the UVA camera can additionally be 
used, to determine the areas of pigment loss more accurately. 
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Measurement of the degree of depigmentation is done in clinical trials as well 

or treatment response. Currently, no consensus exists as to which standardized 
outcome measure should be used to measure the degree of depigmentation in 
vitiligo. Several instruments exist for measuring the body surface area (BSA) of 
the lesional depigmented skin. One of the most frequently used measuring tools 
is the Vitiligo Area Scoring Index (VASI).  Komen et al. demonstrated that this 
is a reliable and responsive instrument to assess the degree of depigmentation.  
However, authors describe that caution is needed for its use in daily practice, as 
the smallest detectable change (SDC) in depigmentations is relatively large. In 

scoring instrument.  This tool is a validated and feasible instrument that can be 

slightly better SDC than the VASI.  

segmental vitiligo.  Non-segmental vitiligo (NSV) is the most common subtype, 
characterised by bilateral and symmetrical distribution of the depigmented 
macules. NSV often follows a slowly progressive course, with unpredictable 
periods of disease progression and remission. On the contrary, segmental vitiligo 
(SV) usually develops in a limited area and has a unilateral distribution, which 
does not cross the midline.  After an initial period of rapid spreading, SV generally 
spontaneously stabilizes.
this suggests that different underlying pathophysiology pathways are involved in 
both subtypes. 

Pathophysiology
The pathophysiology of both subtypes is considered to be different and is complex, 

years. NSV is an autoimmune disease, that involves destruction of melanocytes 
 It is 

found to be closely associated with other autoimmune diseases such as thyroid 
disease, rheumatoid arthritis and alopecia areata. In addition, the auto-immune 

studies.

regulation and several others regulate functions of melanocytes. 
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The initial cause of the melanocyte destruction in NSV is not certain, however 
many aspects including genetic predisposition and environmental factors may 

auto antigens.  Subsequently, this results in activation of the innate immune 
system  These DCs then take 
up melanocyte antigens (i.e. antigen- presenting cells), migrate to the lymph 

cells, but also induces B cell and antibody responses against melanocytes. After 

towards the skin.  A subpopulation of these CD8 T cells does not recirculate, 
but differentiates to resident memory T cells (TRM) and remains in the epidermis 
of the skin.  Eventually, these TRMs can yield an immune based destruction of 
melanocytes resulting in vitiligo.  Since these cells stay present in the skin, they 
can prevent repigmentation by continuously eliminating melanocytes, possibly 
explaining why relapses after treatment occur at same location as those previously 
affected.  In addition, these TRMs

and activator of transcription proteins pathway, resulting in more recruitment of 
cytotoxic T (effector memory, TEM) cells towards the skin.  Subsequently, these 
TEM 

and maintaining melanocyte destruction. Furthermore, regulatory T cells (Tregs), 
seem to play an important role as well. Tregs inhibit proliferation and activity 
of CD8 cytotoxic T cells, generally resulting in suppression of autoimmunity.  It 
however appears that these cells are impaired in vitiligo, allowing an auto-immune 
response.  Summarizing, many different factors contribute to the onset and 
progression of NSV. 
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Figure 1. Schematic reproduction of the immunopathophysiology of vitiligo
 

In SV, several underlying causes have been hypothesized to play a role in the 
pathogenesis, including neurogenic mechanisms, somatic mosaicism and 
microvascular skin homing.  Associated autoimmune diseases in patients with SV 
are reported less frequently than in NSV.  The primary explanation for the ‘neural 
hypothesis’ is based on the statement that SV has a dermatomal distribution.   
However, close observation has shown that the distribution is generally not 
dermatomal , leaving this theory without adequate evidence. Another postulated 

melanocyte, resulting in differentiating of this melanocyte into functional epidermal 
melanocytes. Subsequently this leads to a unilateral distribution with distinct 
patterns of cutaneous mosaicism (e.g. along the Blaschkoid lines). Furthermore, 
it has been suggested that the midline delineation of unilateral lesions could be 
based on the migration pattern of cytotoxic T cells that possess homing receptors 
with a unilateral homing code.  However, a combination of the abovementioned 
hypotheses, could also be the case. In summary, the exact underlying causes of SV 
still remain to be fully elucidated.  
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Treatments
The choice of treatment is dependent on several factors, including the subset of 
vitiligo, the disease extent, the location, the skin type, the burden of disease and 

on the European guideline developed by the Vitiligo Guideline Subcommittee of 
Current treatments include topical

agents, phototherapy and surgical techniques which aim to arrest progression, 
improve melanocyte proliferation and stimulate repigmentation.  

Figure 2. Treatment algorithm of vitiligo

Topical treatment
-
-
-

Topical corticosteroids (TCS) are predominantly used for non-facial lesions and
 and in recent lesions.

Well-known side effects include skin atrophy, striae and acneiform eruptions.  To
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for lesions on the head and neck topical calcineurin inhibitors (TCI) are proposed, 
 

Phototherapy

NSV.  In addition to its stimulating effect on melanocyte proliferation, NB-UVB 
can inhibit disease activity via immunosuppression.
Westerhof et al.  and so far, it is preferred over psoralen ultraviolet A (PUVA) based 

 For smaller 
areas of involvement UVB treatment can be given with targeted phototherapy (such 

NB-UVB and targeted UVB include skin burning, sensitivity and skin thickening. 
In daily practice, treatment with UVB phototherapy is usually given twice or 

increased when asymptomatic pink erythema occurs and continued as long as 
 To date 

however, there are no established guidelines as to what the optimal treatment 
regimen, maximum dosing and duration is for NB-UVB phototherapy, and practice 
varies widely. 

Furthermore, the overall treatment responses to NB-UVB also varies between 
patients. In addition, variable repigmentation responses depending on the affected 
body region can be found. Facial vitiligo is known to have a better response to 
treatment than vitiligo lesions on other body parts.  Moreover, acral areas, such as 
lesions on the hands or feet, are considered to be most resistant to therapy. These 

have not been fully characterized.

Surgical treatment
Several methods of autologous skin transplantation are available as treatment for 
repigmenting stable (non-segmental and segmental) vitiligo lesions.55,56 These sur-
gical methods can roughly be divided into tissue grafting and cellular grafting. In 
tissue grafting the donor skin is directly transplanted into the depigmented area. 

blister grafting and split-thickness grafting.57 Punch grafting is a commonly used 
58, 

however it is time consuming for larger lesional areas and often results in a cobble-
stone appearance of the recipient site.59 Suction blister grafting and split-thickness 
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grafting are reported to have the highest repigmentation and a good color match.59 
However, these techniques are not suitable for larger lesions, due to the low expan-

 In addition, repeated surgical 
operations are needed for treating large surface areas. 

Contrastingly, in cellular grafting the donor skin is dissociated into single cells 
through enzymatic digestion, resulting in a suspension which in turn is transplanted 
onto the recipient site. Cellular grafting techniques include non-cultured cell 
suspension transplantation (NCST) and cultured melanocyte transplantation 
(CMT). These methods are preferred when treating larger surface areas due to the 
small amount of donor skin needed.  The donor to recipient (DR) expansion ratios 
and outcomes reported in studies with cellular grafting vary widely and to date, no 
overview or guideline exists on which ratio to use. Furthermore, little evidence is 
available on the correlation of expansion ratios with the repigmentation success 
rate. In summary, the above-mentioned current tissue and cellular grafting methods 
have various limitations concerning the size of transplanted skin and the ease of 

reliable and effective transplantation technique for large skin surface areas. The 
Meek micrografting technique is a tissue grafting method, which has been used for 
large areas in acute burns surgery.  This technique could be effective as well in the 
surgical treatment of vitiligo, however this has never been performed before. 

Table 1. Donor-recipient expansion ratios, repigmentation response percentages, 
advantages and disadvantages of current transplantation techniques. 

Transplantation method Donor : recipient 
expansion ratio

Repigmentation 
> 90% achieved

Advantages Disadvantages

Punch grafting Simple in use, 
not expensive

Cobblestone 
appearance, 
milia and colour 
mismatch

Suction blister grafting Not expensive, 
no scarring 
donor site

Perigraft halo, 
colour mismatch

Splits skin graft Good colour 
match not 
expensive

Graft contracture, 
perigraft halo, 
scarring donor site

Non-cultured cell 
suspension transplantation

Variable from Uniform 
repigmentation, 
large expansion 
ratio

Scarring donor 
site, expensive kit, 
longer lasting pain 
and erythema

Cultured melanocyte 
transplantation

Variable from Large expansion 
ratio

Specialised 
laboratory 
required, time 
consuming
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Oral steroid mini-pulse therapy
Oral mini-pulse (OMP) therapy is considered in patients with rapidly spreading NSV, 
since these patients may show an unsuccessful response to topical treatment or 
phototherapy.  OMP refers to the discontinuous administration (cyclical pulsed 
dose) of corticosteroids in lower doses than usually given with pulsed therapy.  

week.  Potential side effects include acne, weight gain and hypertrichosis. These 
low dose OMP steroids are often given to arrest disease activity and progression, 
but are generally not effective as monotherapy in repigmenting stable vitiligo.

Combination therapies 
Several therapies have been combined with the aim to enhance repigmentation 
by means of targeting different pathogenic aspects of the disease. In cases of 
rapidly spreading vitiligo, OMP steroids are often added to the NB-UVB treatment, 
demonstrating an earlier arrest of depigmentation progression than OMP 
monotherapy.67

Moreover, in the Amsterdam University Medical Centre the previous treatment for 

NB-UVB three times a week in combination with topical treatment. This change 

of topical therapy and NB-UVB was superior to monotherapy.68,69 Another recent 
 Moreover, combination therapies of TCS, TCI 

and NB-UVB are recommended in current clinical guidelines.  

In general, the earliest onset of repigmentation after starting therapy takes 

to proliferate, migrate and produce pigment. Aside from the delay in visible 
repigmentation during therapy, it is uncertain whether a patient will ultimately 
respond to therapy. Biomarkers of disease activity can be of added value to 
determine whether it is useful to start therapy for each individual patient. In 
addition, an early on treatment biomarker would help to predict if continuation of 

targets for future treatment. 

Treatment outcomes and patient perspectives
To date, many different outcomes have been measured in vitiligo research leading 

international consensus has been reached on a core outcome set for vitiligo 
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research. This core outcome set includes measurement of repigmentation, 
side effects and maintenance of gained repigmentation. Since vitiligo also is a 

patients’ perspective on treatment outcome, is considered important as well. For 
interpretation of this treatment outcome, little evidence is available for example 
on the thresholds of successful repigmentation. In previous Cochrane reviews on 

 But 

regarding successful treatment in terms of repigmentation. In addition, these 
success percentages could differ depending on the location.

Furthermore, it is known that a considerable number of patients does not 

new therapies are being developed and investigated. However, for the clinical 
implementation in daily practice, it is essential to understand the patients’ need for 
these new treatment modalities. What are these new therapies worth to patients? 

of these factors could be of substantial value to physicians, policy-makers and 
pharmaceutical companies. Moreover, if there is a demand for novel therapies from 
patients, this could be dependent on various factors, such as disease burden and 
location of the vitiligo lesions.  
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AIMS AND OUTLINE OF THIS THESIS

The overall aim of this thesis is to shed light on different clinical aspects of vitiligo 
in order to obtain a better understanding of the current state of affairs which may 
ultimately contribute to future improvement of vitiligo therapy and research. We 
aimed to: 

- Assess the responses to topical treatment and NB-UVB phototherapy from 
clinical, cellular and patients’ point of view. 

- Provide an overview of the current surgical treatment results and explore new 
surgical possibilities

- Evaluate patient perspectives on current therapies, treatment outcome and 
disease burden. 

In chapter 2, we conducted a prospective exploratory trial in order to gain more 
insight on potential biomarkers for treatment response in NSV patients. We 
evaluated the association between the changes within cell types and the clinical 
response to standard of care treatment with a potent topical corticosteroid alone 
and in combination with NB-UVB therapy. 

Since current treatment results often vary between patients and variable 
repigmentation responses between different body regions are seen, we performed 
a study to provide an overview of these repigmentation responses. In chapter 3 we 
evaluate the clinical response to standard of care vitiligo therapy consisting of NB-

assess demographic features such as sex, age, disease duration, disease activity and 
skin type in relation to the treatment response. 

To date, no consensus exists as to what the optimal treatment regimen is for 
NB-UVB therapy. In order to determine what the most satisfactory and effective 
treatment regimen is for the patient, we explored whether a combination of topical 
therapy and NB-UVB three times weekly would be superior to NB-UVB alone two 
times weekly by using patient reported outcomes in chapter 4. 

In the surgical treatment of stable vitiligo, several donor to recipient expansion 
ratios are used with the cellular grafting techniques. In chapter 5 we performed 
a systematic review to provide an overview of the various expansion ratios used 
during NCST and CMT. Furthermore, we aimed to identify whether expansion ratios 
affect the repigmentation success rates and colour matching to the non-lesional 
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surrounding skin. 

Due to current surgical therapies lacking the capacity of easily treating large 
depigmented areas with high success rates, we explored the possibility of using 
a novel transplantation technique for depigmented lesions. In chapter 6A we 

technique. Since successful results were found in this patient, we continued to 
evaluate the outcomes of this novel technique, in a case-series study in chapter 6B.

which is why the last part of my thesis focusses on patients’ view on treatment 
and outcomes. In chapter 7 
repigmentation for facial and non-facial lesions from patients’ perspective by 
carrying out a prospective cross-sectional questionnaire study.

And lastly, in chapter 8, we address the need for novel therapies for vitiligo. Our 
aim was to  assess patients’ view on current treatments and evaluate their demand 
for novel future therapies. Moreover, we aimed to assess demographic features (i.e. 
gender, skin type and location of lesions) in relation to the primary outcomes on 
satisfaction of current treatments, disease burden and need for new therapies.  
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PART I | CHAPTER 2

ABSTRACT

Background
The treatment of non-segmental vitiligo (NSV) remains a challenge. Aside from a 
delay in visible repigmentation during therapy, it is uncertain whether a patient 
will ultimately respond to treatment. An early on treatment biomarker could help 
to predict the response to therapy. 

Objective
The aim of this study was to evaluate the association between early changes within 
various immuno-cell types (T cell subsets and NK cells in blood and skin) and the 
clinical response to treatment. 

Methods
This prospective exploratory study was conducted in a cohort of NSV patients 
starting with standard of care treatment consisting of topical therapy alone or in 
combination with narrowband UVB phototherapy. Evaluation of the depigmented 

+ (GrB)+ +CD8, GrB+CD8-, 
TRM, Treg, NK and GrB+

Results

of GrB+CD8- 

after 6 months of treatment. In blood, the interaction of this same cell type (GrB+

GrB+

Conclusions
This study evaluated early changes in cellular immunity in relation to repigmentation 
after standard of care therapy. Both adaptive (GrB+ +NK 
cells) early detectable immuno-changes could play a role in indicating the degree 
of treatment response after 6 months of therapy. For future implementations of an 
early on treatment biomarker, however, larger prospective studies are required to 
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INTRODUCTION

Vitiligo is an auto-immune disease of the skin characterized by the development 
of white macules due to CD8 T cell mediated loss of melanocytes. It is the most 

population regardless of sex, ethnicity or skin type.  The disease usually follows 
an unpredictable course with periods of disease progression and remission.  Even 
though not life threatening, multiple studies have shown that vitiligo can have a 
severe negative impact on the psychosocial wellbeing and the quality of life.  

So far, no curative therapies are available for vitiligo. Current treatments include 
topical agents, phototherapy and surgical techniques which aim to improve 
melanocyte proliferation and stimulate repigmentation.  To date, the standard of 
care (SoC) treatment of non-segmental vitiligo consists of localized topical therapy 

band ultraviolet B (NB-UVB) phototherapy.5 These therapies are predominantly 

time for melanocytes to proliferate, migrate and produce pigment.6 

There is a crucial need to identify biomarkers, due to the delayed response to 
therapy and unpredictable nature of the disease. In order to identify these markers, 
a better understanding is required of the driving mechanisms in vitiligo. The 
pathophysiology is complex, although the key factors seem to be gradually elucidated 
over the last decades. The hallmark event is the destruction of melanocytes 

7 The 
initial cause of this is not certain, however several aspects including genetic and 
environmental factors may contribute to triggering oxidative stress. This in turn 
leads to a melanocyte cell stress response, causing the release of melanocyte auto 
antigens and danger-associated molecular patterns.  Consequently, this results 
in activation of the innate immune system

cells (DCs) are seen in active vitiligo lesions.  These DCs take up melanocyte 
antigens (i.e. antigen- presenting cells), migrate to the lymph nodes and present 

B cell and antibody responses against melanocytes. After priming of the naïve T 
 

A subpopulation of these CD8 T cells does not recirculate but differentiates to 
resident memory T cells (TRM). These TRMs express markers associated with tissue 
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of the skin.  Subsequently, these TRMs can yield an immune based destruction of 
melanocytes resulting in vitiligo.  Since these cells stay present in the skin, they can 
prevent repigmentation by constantly eliminating melanocytes, possibly explaining 
why relapses after treatment occur at same location as those previously affected.  
In addition, these TRMs

which affect the keratinocytes.

and activator of transcription proteins pathway, resulting in more recruitment of 
cytotoxic effector memory T cells (TEM) towards the skin.  Subsequently, these TEM 

maintaining melanocyte destruction. Furthermore, regulatory T cells (Tregs), a subset 
+

 
+ cells, seem to play an 

important role as well. Tregs inhibit proliferation and activity of CD8 cytotoxic T cells, 
generally resulting in suppression of autoimmunity.  It however appears that these 
cells are impaired in vitiligo, allowing an auto-immune response.  Summarizing, 
many different factors contribute to the onset and progression of vitiligo. 

Throughout the past several years, different cell types in blood and skin have been 
reported to be linked to the disease activity in vitiligo.  Regarding circulating cell 
types (in blood), two studies have shown that increases in frequency of activated CD8 
cytotoxic T cells correlate with disease activity.  
correlations were found between circulating memory T cells and disease activity.  

of vitiligo,  although contrasting data have been reported as well.  One study 

showing no differences in NK cell related proteins between patients with active an 
stable stages of the disease.  

cells in (peri)lesional active vitiligo skin are found to be increased in comparison 
to stable vitiligo, which could serve as an indicator of active melanocyte 
destruction.

6 

6 Contrarily, 
the frequencies of CD8+ TEM and CD69+ + CD8+ TRM measured in (perilesional) 
skin were independent of disease activity.  Interestingly, Lili et al. found increased 
numbers of both CD8 cytotoxic T cells and Tregs in perilesional skin of patients 
with active disease. The imbalance in frequencies between these two cell types 
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and an impaired suppressive effect of Tregs are suggested to be involved in an 
unrestrained active immune response causing vitiligo progression.

While these studies focused on changes in relation to disease activity, others 
have reported differences in cellular immunity after treatment with NB-UVB 
phototherapy. Lin et al. demonstrated that NB-UVB treatment reduces a subset 

+ and CD8+ central memory T cell (TCM) 
amounts, suggesting a possible systemic immunosuppressive effect of NB-UVB.  
In addition, another study has reported an increased number of peripheral Tregs 

capacity.  Furthermore, Hegazy et al. examined the effects on Tregs and Th

 Moreover, NB-UVB is known to 
, which 

may also partly be responsible for its immunosuppressive effects. 

To summarize, these studies demonstrate the involvement of various cell types in 
blood and skin that could be potential indicators of disease activity or treatment 
response in vitiligo. Aside from the delay in visible repigmentation during therapy, 
it is uncertain whether a patient will ultimately respond to therapy. Biomarkers 
of disease activity can be of added value to determine whether it is useful to start 

of stability for each individual patient. In addition, an early on treatment biomarker 

may also lead to discovering possible targets for future treatment. 

In order to gain more insight on potential biomarkers involved in local and systemic 
cellular immunity during treatment in vitiligo, this prospective exploratory study 
was performed. The aim was to evaluate the association between the changes 
(with-)in different cell types and the clinical response to treatment.

 
METHODS

Patients and treatment
This prospective study was conducted in a cohort of vitiligo patients at the 
Netherlands Institute for Pigment Disorders (NIPD) of the Amsterdam University 
Medical Centre. The study was performed in accordance with the Declaration 
of Helsinki and approved by the Institutional medical Ethics Review Committee 
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excluded if they had been treated with topical therapy, phototherapy or systemic 

Patients were recruited only after SoC was prescribed by the treating physician. 
The decision to prescribe a certain treatment scheme was regardless of study 
participation. The SoC therapy that patients received consisted of topical immune 

The nursing staff of the home care institution (Linde) cared for guidance and 
explanation of the NB-UVB equipment. This study did not include an investigation 
medicinal product or (placebo) treatment. Written informed consent was obtained 
from all patients. 

Clinical treatment response

SoC treatment. The clinical treatment response was expressed as a percentage 
of repigmentation of the total depigmented body surface area (BSA) at baseline. 

calculated by using the VES ( ).  The VES 
is a validated and feasible clinical scoring instrument that expresses the extent 
of the vitiligo lesions in percentage of the BSA.  Photographs were taken of all 
vitiligo lesions at three time points by a professional medical photographer. The 

on photographs has shown to give similar results compared to a live evaluation.  
The repigmentation percentage after 6 months was calculated by subtracting the 
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by density gradient centrifugation (Axis-Shield density gradient media, Fresenius 
Kabi Norge AS, Halden, Norway). Serum and plasma were separated from the 
sampled peripheral blood samples by a twostep centrifugation. One four-millimetre 

dissociated into single cells through enzymatic digestion, by using the Whole Skin 
Dissociation Kit and mechanical dissociation with the gentleMACSTM Dissociator 

To detect the various T cell and NK cell subsets that seem to be involved in the vitiligo 

Flow cytometry was used to identify the following cell types and their activation 
status: 
and cytotoxic T cells (Granzyme B+ + and Granzyme B+ CD8+), TRM

+, 
CD8+ -, CD69+ +TRM

+, CD8+ -, CD69+ +) , NK 
-, CD56+ -, CD56+, Granzyme B+). In skin, the 
+ could not be measured due to the digestion of the surface marker by 

the isolation protocol’, thus CD8-  Tregs 
+ + + +

was not evaluable due to technical issues, which is why the Tregs were detected by 
+ low/- in blood +, CD8- + + in skin.  

California) to detect the abovementioned markers for the cell types can be found 

(BioLegend) and intranuclear staining was performed using True Nuclear Perm 
Wash buffer (BioLegend), according to the manufacturer’s instructions. Single-cell 

samples for these patients. Reanalysis of the skin samples of the same donors was 
not possible as no frozen material was available and therefore these four patients 
were excluded from the analyses from the skin.
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Statistical analysis

used for summarizing patient demographics and repigmentation percentages. Not 
normally distributed data were statistically assessed by using the Mann-Whitney 
U (U) test for unpaired data and Wilcoxon signed-rank test (Wx) for paired data. 
Spearman’s rank correlation (r) was calculated to correlate quantitative variables. 

RESULTS

Patient features and treatment

pandemic, another two patients discontinued because they complained of sampling 
procedures, one patient was not compliant and therefore excluded, and one 

alone or in combination with NB-UVB phototherapy for a minimum of 6 months. 

type, age, age of onset, vitiligo duration, Vitiligo Disease Activity (VIDA) score  and 
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Figure 1. Overall affected body surface area percentage before and during treatment. The 
affected body surface area (BSA) percentage is shown per patient at each visit. The x-axis shows 
the patient ID numbers and is arranged by patients with a low affected BSA (left) to patients 

measured with the Vitiligo Extent Score (VES). * Patient 9 has a very low affected BSA ranging

scale size.
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Table 1. Patient and vitiligo characteristics

Patient
 ID

Sex Skin 
type^

Age
at baseline 
(yr)

Age of 
onset 
(yr)

Vitiligo 
duration 
(yr)

Vitigo 
activity 
(VIDA score)

Vitiligo extent
 
baseline

Location of 
biopsied 
lesion

Cream group (topical therapy)

8 F 7 Hand
9 F 6 Axilla

F Axilla
F 5 Abdomen
M 58 Leg
M 9 Axilla
F 5 Leg
M 67 Arm
F Abdomen
F Arm
F 8 5.7 Waist

Mean ± SD 
(min-max)
(n=11)

t  t t  2.8

UVB+cream group (topical therapy + UVB)

M 6 5 Arm
M 5 7 Leg

5 F 57 Arm
7 F 9 5.7 Axilla

F Waist
F Abdomen
F 57 5 Axilla
M Arm
F Leg
F Waist
M 5 Arm
M Arm
F Leg
M 68 58 Abdomen
F 5 Arm
M Leg
M 6 Arm
F 7 Waist
F Abdomen

Mean ± SD 
(min-max)
(n=19)

t t

 (5-58)
t  5  

Total Mean ± 
SD (min-max) 
(n=30)

(5-58)
 4.5# 

M, male: F, female; Vitiligo Disease Activity (VIDA)
^Skin type according to Fitzpatrick skin scale58; 

# t 
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Treatment response

the lesions increased in size or number during therapy. The overall affected BSA of 

response after 6 months compared to the cream group (median repigmentation 
P

Figure 2. Repigmentation percentage after 6 months of therapy. The repigmentation 

patient ID numbers arranged by patients with a low response to therapy (left) to patients with 
a high response to therapy (right). The y-axis displays the repigmentation. Repigmentation was 

Score. Patients with a (-) negative repigmentation were unresponsive, meaning that their vitiligo 
lesions increased in size or number during therapy. 
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Cellular changes in blood and skin

and skin. Since we focused on repigmentation as an outcome (regardless of how 
this was achieved), we combined the treatment groups for further analyses on the 
association of changes in immune cells and treatment response. 

- 

Cellular changes correlated to treatment response
In order to examine the association between the changes within cell types and the 

B+ (GrB)+ +CD8, TRM, Treg, NK and GrB+

towards a positive correlation between GrB+CD8 cells and repigmentation (Figure 
5B). Likewise, similar correlation analyses were performed in skin, demonstrating 

-, CD8, GrB+CD8, TRM, Treg, NK and GrB+NK cells did not 
+CD8- cells, 

(Figure 5D). Furthermore, the increase in Tregs in the skin showed a trend towards a 
positive correlation with repigmentation (Figure 5C). 

between GrB+

6A). This analysis demonstrates that an above average percentage of GrB+

+

addition, if a high GrB+
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+

remain high (green arrow).

Remarkably, in the skin, activated NK (GrB+

showed that an above average percentage of GrB+

Likewise, a below average GrB+

average GrB+

interaction analyses in blood and skin. 
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Blood 

months of treatment with either topical therapy alone (cream) or treatment with NB-UVB in 
T cells (A

(B), GrB+ C), CD8 T cells (D), GrB+CD8 T cells (E), NK cells (I) and GrB+NK cells (J) 
are shown among the total number of lymphocytes. Resident memory T cells (Trm

+CD8+ -CD69+ cells among the total number of CD8 Cells (F-G). Regulatory T cells,
+ + + H). Results 

Wilcoxon signed rank test: no 
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 Lesional 

A
(B), GrB+ C), CD8 T cells (D), GrB+CD8 T cells (E), NK cells (I) and GrB+NK cells (J) 
are shown among the total number of lymphocytes. Resident memory T cells (Trm

+CD8+ -CD69+ cells among the total number of CD8 Cells (F-G). Regulatory T cells,
+CD8- + + cells, are displayed as a percentage of CD8- cells (H). Results are

indicated; *P P
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skin. (A, C)

B, D) Relations between repigmentation and the fold change 
of GrB+CD8 cells (blood) and GrB+CD8- cells (skin) are shown. Black dots represent patients from
the cream group and orange dots from the UVB+cream group. (D)
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at visit 1, visit 2 and repigmentation in blood and skin. (A
is shown between GrB+

+

light blue dotted line) and the average mean (blue dashed line). The value of GrB+

of GrB+

results in more repigmentation (green arrow). A below average value of GrB+

arrow). An above average value of GrB+

arrow). Likewise, a below average value of GrB+

B
+

+

dashed line). The value of GrB+

on the x-axis. If an above average value of GrB+

average value of GrB+

repigmentation (blue arrow). An above average value of GrB+

average value of GrB+

depigmentation (yellow arrow)
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DISCUSSION

This study provides important insights into the effects of standard of care therapy 
on local and systemic cellular immunity in vitiligo. We addressed the need for 
identifying biomarkers for early treatment response, by investigating T cell subsets 

RMs, Tregs) and NK cells (in blood and skin) in relation to treatment 

cells in skin. In addition, our results showed that an early increase of GrB+CD8- T 

+

between GrB+

and corticosteroids following normal use in vitiligo skin is minimal. Contrary to 
our results, several studies have reported alterations in circulating blood cell types 
after NB-UVB therapy, indicating the systemic immunosuppressive effects of this 
therapy.  However Ekman et al.
therapy in psoriasis, the effect of NB-UVB may be focused more on local rather 

Furthermore, a trend was found towards a positive correlation between an 
increase in Tregs in the skin and a higher repigmentation response after 6 months. 
This can be explained by the possible increased effect of active suppression 

repigmentation. In addition, we found that an increase of GrB+CD8- cells in skin 

months. This association of GrB+CD8- cells with repigmentation in our study was 
unexpected, as GrB is a serine protease traditionally secreted by NK cells and 
cytotoxic T cells and known for its proapoptotic role in autoimmune skin diseases. 
This left us with the question: to which phenotype of cells do these GrB+

belong and what was its function? Since our CD8- Tregs also were increased in skin, 
we hypothesized that (a part of) the Tregs could belong to this GrB+

as has been previously suggested by others.
cells are able to produce GrB.  In addition, GrB is highly upregulated in activated 
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+ - Tregs that stimulate tolerance and have a suppressive capacity on 
 Activated GrB+

against myeloid (dendritic) cells, leading to prevention of naïve T cell priming and 
suppression of effector T cells.  Another postulated explanation could be that 
these cells could perhaps play a role in immunosuppression by inducing apoptosis 

that needs further study. 

The interaction between these same GrB+  

Seemingly, the balance between the cell percentages at these two time points is of 
importance for an estimation of the treatment response after 6 months of therapy. 

an indication for a poorer repigmentation, whereas minor changes seem to be an 
indication for a better repigmentation. In daily clinical practice, these changes in 
GrB+

outcome after 6 months. 

Likewise, GrB+NK cells in skin have shown a similar relation with repigmentation. 
We found that an increase of these cells (starting from a below average GrB+NK cell 
percentage at baseline), was associated with a negative repigmentation (meaning 
an increase of vitiligo lesions). This increase in GrB+NK cells was not unexpected, 
as this indicates that these cells are actively exerting their cytotoxicity onto 

 
was that a rise in these cells from an above average baseline value, seemed to be 
associated with a higher repigmentation percentage. Once more, this shows that 
the balance in GrB+NK cell percentage between these two time points is essential, 
however a clear explanation for this rise with regards to a higher repigmentation 
percentage is lacking. 

immunity before and during therapy in relation to repigmentation after 6 months of 
therapy. The current study was carried out prospectively and compliance to therapy 
was monitored accurately. However, a limitation of this study was the inability to 

the nature of the study design and the limited number of patients.  No distinction 
was made between the treatment groups, since this would have lowered the power 
of our analyses.
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In summary, this study evaluated early changes in cellular immunity in relation 
to repigmentation after standard of care therapy, showing a positive relation 
between GrB+CD8- 

relations were found between repigmentation and GrB+  cells in blood and 
GrB+NK cells in skin. Further studies, however, are needed to understand the exact 

treatment biomarker, a systemic marker (from blood) would be convenient for the 
ease of use. In a follow-up study chemokines, cytokines and proteins involved in 

more insight on potential biomarkers, which may be useful for future individualized 
therapeutic management of NSV patients.
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SUPPLEMENTS 

Table S1. In- and exclusion criteria

Inclusion criteria:

1.

2. Patients with non-segmental vitiligo commencing standard of care treatment, consisting of a potent 
topical corticosteroid, such as FP cream, alone or in combination with NB-UVB phototherapy for at least 
6 months.

3.
prior to baseline.

4. Patients able to communicate well with the investigator, to understand the requirements of the study, as 
well as understand and sign the written informed consent.

Exclusion criteria:

1. Patients that have received phototherapy or systemic immunosuppressive treatment during the last 6 
weeks prior to baseline.

2.

3.
cream, calcineurin inhibitors (tacrolimus, pimecrolimus) or NB-UVB phototherapy for non-segmental 
vitiligo.

4. Recurrent herpes simplex virus skin infections.
5. Patients with a history of hypertrophic scars or keloids
6.

7.

8.

9. Patients previously diagnosed with depression according to the DSM5 by a qualifying physician.
10.
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Table S2. Used antibodies

Antibody Clone Conjugate

SK7 FITC

Anti-human CD8 BV785
Anti-human CD69

Ber-ACT8
PE

DREG-56
Anti-human CD56 HCD56

BC96

Anti-human GrB
Anti-human IFNg
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ABSTRACT

Background
Narrow-Band Ultraviolet B (NB-UVB) is a widely used treatment for non-segmental 

of repigmentation. To date however, these differences in therapeutic response 

Objective

different body regions. 

Methods
A multicentre study of NSV patients treated with NB-UVB (alone or in combination 

different body regions was conducted with the Vitiligo Extent Score at baseline and 
after 6 months of therapy.

Results

found in lesions on the lower facial region, followed by the upper facial region 

P=0.288

Conclusion

UVB therapy. These results may be of direct use to clinicians and vitiligo patients 
as it provides more detailed information on treatment prognosis per body region.  
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INTRODUCTION

Non-segmental vitiligo (NSV) is a chronic depigmenting autoimmune disorder 

the quality of life, as many of the patients feel stressed and stigmatized by their 
condition.  Current therapy for NSV frequently consists of NB-UVB alone or 

corticosteroids).  In cases of rapidly spreading vitiligo, systemic steroids are often 
added to this therapy to arrest progression of depigmentation.  

Patients can present variable repigmentation responses depending on the affected 
body region. Facial vitiligo is known to have a better response to treatment than 
vitiligo lesions on other body parts.7 Moreover, acral areas, such as lesions on the 
hands or feet, are considered to be most resistant to therapy.7 Until now, a few 
studies have investigated these differences in repigmentation between body regions 
after NB-UVB therapy.  However, in these studies the full body surface area (BSA) 
was roughly divided in 6 or less regions (e.g. face, neck, trunk, extremities, hands 

of the trunk could have a different response to treatment than the back side. Thus, 
potential differences within the abovementioned regions were not evaluable in 
these studies and could in fact be present. Additionally, more insight on this can be 
of use in clinical vitiligo trials, for example to determine the location of the target 
lesion. Moreover, this knowledge could be of great value to patients, since they often 
want to know the prognosis of their treatment. The burden that patients experience 
of vitiligo on various body regions differs.  Consequently, patients consider 
repigmentation of lesions on certain areas of the body to be more important than 

vitiligo in a particular body region. This study will provide more insight regarding 
the repigmentation of lesions in various body regions after therapy.

The aim of this study was to evaluate the repigmentation after vitiligo therapy 
consisting of NB-UVB phototherapy (alone or in combination with topical therapy 

the Vitiligo Extent Score (VES).  Furthermore we aimed to assess the effect of 
demographic features such as sex, age, disease duration, disease activity and skin 
type on repigmentation after therapy. 
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PATIENTS AND METHODS

Patients
This international multicenter study was conducted in a cohort of NSV patients, aged 

therapy) for a minimum period of six months. Patients who received NB-UVB 
therapy in the month prior to starting therapy, were excluded. Eligible patients 
visiting the outpatient clinic were recruited in three different academic hospitals: 
in Egypt, Singapore and the Netherlands. We used data of other prospective studies 
(one published  and two unpublished) to include patients in our study. In addition, 
we included all consecutive patients with NSV who completed NB-UVB common 

Medical Center in the Netherlands. All patients provided written informed consent. 
Each center had received ethical approval from their Institutional Review Board. 

Treatment
All patients received NB-UVB treatment for at least 6 months, either in the hospital 

with a semi-circular whole body unit or with a partial body unit was dependant 
on the physicians advice in daily practice setting. The treatment schedule in all 
study centers was in line with the local standard of care therapy for NSV, namely 
irradiation three times a week on nonconsecutive days in combination with 
topical therapy on the non-irradiation days.  Patients were instructed to increase 

fast spreading vitiligo, an oral mini-pulse corticosteroid (such as dexamethasone 

Evaluation of treatment effects and data collection  
The treatments response was expressed as a repigmentation percentage of the 
baseline lesional surface area. For patients receiving NB-UVB therapy with a partial 
body unit, only the treated regions were assessed.  The overall repigmentation and 
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www.vitiligo-calculator.com).  The VES is a validated and feasible clinical scoring 
instrument that expresses the extent of the vitiligo lesions in percentage of the 
BSA.
the body. Data were collected at two time points. At baseline the patient visited 

month window) the second visit took place. Photographs were taken of all vitiligo 
lesions at both time points. These photographs were used by the physicians to 
determine the VES scores at baseline and after 6 months of therapy. Using the VES 
on photographs has shown to give similar results compared to a live evaluation.  
The repigmentation percentage was calculated by subtracting the 6 month VES 
score from the baseline VES score, followed by a division with the baseline VES 

Statistical analysis

unpaired data were determined by using the Mann-Whitney U (U) or Kruskal-
Wallis H test for the treatment response in percentage repigmentation. To test 

test (Wx) was performed, as the data were paired and not normally distributed. 

test (rs) was used. In addition, to determine whether demographic features were 
confounders of the treatment outcome, we performed a multiple linear regression 

presented for post-hoc analyses according to Bonferroni. Statistical tests were two-

RESULTS

Patient characteristics 

Ninety patients were included from other prospective studies (n n
from Singapore, n
were retrospectively included in this study. Patient and vitiligo characteristics are 

lesions in only one region (e.g. in the face or axilla). The left and right hand were 
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the most common affected regions (in 78 and 76 patients respectively), followed by 

area were the least affected areas. 

Table 1. Patient and vitiligo characteristics

Male : female ratio
Mean age ± SD (min-max) in years
Mean age of onset ± SD (min-max)  in years

  Activity in past 6 months
  Stable for 6 months or longer

88 (87)

   I
   II
   III
   IV
   V
   VI

   Use of creams: yes
   Use of NB-UVB phototherapy: yes
   Skin transplantations: yes 9 (8.9)

SD, standard deviation; N, number of patients; IQR, interquartile range

Treatment and overall response
All patients received NB-UVB phototherapy for a minimum of 6 months. Ninety-four 
patients received whole body NB-UVB and eight patients were treated with partial 

P
treatment groups. Consequently, further analyses were performed on the total 
cohort of patients.  

The overall treatment response (repigmentation) at 6 months varied between 
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Demographics correlated to treatment response

U P
lesions over the various body regions and the repigmentation per body region 

P 

with the total repigmentation (rs P

between age of onset and disease duration with regard to the treatment responses. 
Furthermore, no differences in repigmentation were found between patients with 
active disease (new lesions in the past 6 months) and stable disease (U P
Finally, the skin type was assessed in relation to the treatment response, however 

rs P
linear regression analyses were performed demonstrating that sex, age, disease 
duration, disease activity and skin type were not confounding factors on the 
treatment outcome.

highest repigmentation percentages in lesions located on the lower face, followed 

of the repigmentation percentages per body region is shown. 

We also assessed potential differences in response of body regions within one area. 

Wx n=66, P=0.008
body regions such as, the upper and lower trunk, upper and lower back, waist and 
gluteal regions, front and back arms, front and back legs, and left and right axillae 

ANOVA test, P
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Wx P=

Figure 1
A. Response to treatment by body region.  The stacked bars show the repigmentation (divided 

represents the percentage of total number of patients (n) in which the lesions at this body region 
are present. 

The boxplots show the 
median repigmentation per body region. Statistical differences were tested with the Wilcoxon 
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repigmentation percentage in the lower right corner (of each body region). Body regions with 
the same background colour, indicate a similar repigmentation response after therapy. Median 
repigmentation with the interquartile ranges (IQR) of these combined regions are shown on the 

Combined body region Combined body region Wx [x n] P-value#

Face (76)
Face (76)
Face (76)

* 

 * (Face > Axillae total)
 * (Face > Axillae total)

* 

Wx, n,number of 
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DISCUSSION

In this study, the clinical response to NB-UVB common therapy was evaluated and 

that the best responses to treatment were seen in the face. On the contrary, the 
hands and feet showed the lowest repigmentation after 6 months of therapy. No 

and axillae. In addition, ventral versus dorsal and left versus right body regions 
were compared, demonstrating no differences in repigmentation after therapy. 
Furthermore, we correlated the treatment response to demographic features, 

than male patients. Other characteristics such as age, disease duration, disease 
activity and skin type did not correlate with treatment response.

body regions after NB-UVB therapy using the VES, a validated measuring tool.  
Our data demonstrate a varied response among the different anatomic body 
regions with facial lesions achieving the highest  improvement and acral lesions 
achieving the least improvement, which is in line with previous studies.  Based 

each of these body regions displaying a similar prognosis of repigmentation after 

trends were seen of a lower repigmentation in this body region after treatment 

division of this tool.

responded to therapy than the upper face. The reason behind this difference is 
not completely clear, however might be related to the variation in hair follicle 
density between the lower and upper face. Hair follicles have been shown to be 
reservoirs for melanocytes.  The residual melanocytes that are located in the 
outer root sheath of the hair follicles are reactivated via the Wnt pathway after NB-
UVB radiation, leading to migration to depigmented epidermis and (perifollicular) 
repigmentation.  This may also clarify why minimal hair-bearing sites (such as 
the hands and feet) have a lower response to therapy. However, this does not explain 
why body regions with a higher hair follicle density (i.e. limbs or axillae) are less 
responsive to therapy than the face. A possible explanation could be that the face is 
generally more exposed to UV (sun)light allowing an enhanced response to therapy. 
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In addition, the Wnt pathway is known to be physiologically inhibited in palms and 
soles , which could also be the case in other body regions. Other factors however, 

anatomical regions of the skin regarding local immune responses and histological 
differences.  Facial skin for instance is sebaceous gland rich, possibly serving as 
a reservoir for melanoblasts and non-melanogenic melanocytes.  During exposure 
to UV-radiation, these could differentiate, proliferate and migrate to the epidermis 
causing a better repigmentation compared to sebaceous gland poorer areas such as 
the limbs or axillae.  In addition, sebaceous gland rich regions may have a distinct 

poor areas.  Summarizing, differences in repigmentation between body regions 
exist, however the exact mechanism of NB-UVB induced repigmentation and the 
anatomic variation in response to this, still remain to be fully elucidated.

In our study, female patients had a better overall treatment response than male 
patients. This might be related to physiological differences between male and 
female skin, such as differences in hair growth, number of sebaceous glands or 
hormone metabolism.  However, behavioral factors (such as compliance to 
therapy) could play a role as well, as female patients seem to experience a greater 
quality of life impairment compared to male patients , although this was not 

treatment response and age, disease duration, disease activity or skin type, as is 
 

The results of this study are not only of importance to clinicians for providing 

could be useful in clinical trials for determining the target lesion location. The 

representing up-to-date results of modern-day vitiligo treatment with NB-UVB in 
three different countries. This study provides a thorough outline of the differences 
(and resemblances) between body region responses to vitiligo treatment in a 
daily practice setting. The precise compliance to therapy and total cumulative 
doses however, were not recorded due to practical reasons and thus not taken 
into consideration for the analyses. Another limitation is that it was unclear 
whether the genital area (part of the waist) was exposed to NB-UVB radiation and 
therefore perhaps inaccurately included into the analyses. Lastly, there was a high 
heterogeneity between the given treatments with regards to the equipment (whole 
body units versus partial body units), the treatment setting (home vs. outpatient) 
and the additional therapy (NB-UVB alone or in combination with topical therapy 
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practice, possibly giving patients a better estimation of the expected repigmentation 
responses after therapy.  
 
In conclusion, this study gives a clear overview of the detailed VES body regions 

composite region after therapy. Facial lesions achieved the highest repigmentation, 
even indicating a better response of the lower face compared to the upper face. 

added value to clinicians and vitiligo patients as it provides more detailed 
information on treatment prognosis per body region. 
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ABSTRACT 

Introduction

UVB treatment may increase with more frequent use or in combination with 
topical agents. Currently, data on the most effective treatment regimen lacking. 

segmental vitiligo.

Methods 
Patients with NSV treated with NB-UVB therapy were included in two time periods. 
Group I received NB-UVB therapy twice a week (conventional treatment) and 

treatment). Patients completed a questionnaire regarding the degree and onset of 
repigmentation, satisfaction and side effects.

Results

Conclusions
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INTRODUCTION 

Non-segmental vitiligo (NSV) is an acquired chronic pigment disorder of the skin 

effect on the quality of life.  NSV is the most common depigmenting disorder 

ethnicity or skin type.  Current treatments include topical agents, phototherapy and 
surgical techniques which aim to improve melanocyte proliferation and stimulate 
repigmentation.5 Topical therapy with corticosteroids or calcineurin inhibitors are 

6 The use of narrow band ultraviolet B (NB-UVB) 
7 and is now considered 

to be a growing modality for the treatment of generalized NSV.5 NB-UVB is superior 
to psoralen and UVA (PUVA, another commonly used phototherapy regimen in 

8,9

Currently, no consensus exists as to what the optimal treatment regimen and duration 
is of NB-UVB phototherapy, and practice varies widely.  At the Academic Medical 
Center (AMC), conventional treatment for NSV was NB-UVB alone twice a week, but 

topical therapy and NB-UVB is superior to monotherapy.  However, data on the most 
effective treatment frequency are lacking. Until now, the NB-UVB treatment regimens 
have never been compared directly. For the use of NB-UVB expert recommendations 
have been developed based on current literature by the Vitiligo Working Group 
Phototherapy Committee.  However, little evidence is available to guide clinicians 
on what is the most effective duration, dosage and treatment frequency of NB-UVB. 
Two studies have investigated the difference in effectiveness between twice and 

 Both 

frequency but on the total number of treatments. However, the onset of repigmentation 
does occur faster with the three times weekly treatment. This could be the same for 
NB-UVB phototherapy but studies investigating this hypothesis are lacking.

For future improvement of vitiligo therapy it is important to assess, compare 
and evaluate the current treatment regimens, in order to determine what is most 
effective and satisfactory for the patient. Therefore, the aim of this study is to 
explore whether a combination of NB-UVB three times weekly and topical agents is 
superior to NB-UVB alone twice a week for the treatment of non-segmental vitiligo 
from patients’ perspectives. 
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MATERIALS AND METHODS

Patients
This retrospective cohort study was performed at the Netherlands Institute for 
Pigment Disorders in Amsterdam. Inclusion criteria were: (i) diagnosis of non-

at least six months.

within four months after the end of the NB-UVB therapy. In between these time 
periods the standard of treatment had changed (see treatment). Inclusion criteria 

NB-UVB therapy at home prescribed for one year. 

Patients were sent the questionnaire with a consent form and a return envelope. 
If a patient did not respond, he or she was reminded by phone with a maximum 
of three follow-up calls. In case a patient was not reachable by phone a second 

Ethical Committee of the AMC. 

Treatment
In both groups NB-UVB treatment was given at home. The equipment comprised 

Standardized cumulative doses were calculated by using the intensity measurements 
together with the treatment charts of patients. Nursing staff cared for guidance and 
explanation of the NB-UVB equipment and treatment. In group I irradiation took 
place twice a week on non-consecutive days. The patients were not advised to use 
an additional topical treatment except emollients. In group II irradiation was given 
thrice a week on non-consecutive days with topical therapy on the non-irradiation 
days, consisting of a calcineurin inhibitor (tacrolimus or pimecrolimus) for lesions 

NB-UVB therapy. When suberythema occurred, an equal dose was recommended 
for the next irradiation and when painful erythema or blisters were observed 
patients were instructed to omit the next treatment. 
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Questionnaire

Appendix I). Questions included patient characteristics, disease duration, The 
Vitiligo Disease Activity (VIDA) score for disease activity and previous treatments. 
Patients were requested to note the repigmentation percentage per treatment 
area (face, neck, trunk, arms, hands, legs and feet) and to state the onset of 
repigmentation. Additionally, patients were asked to rank their level of satisfaction 
regarding the result of the therapy and the appearance of the repigmentation. 
Seven questions were included about the NB-UVB regimen such as average times 
of irradiation per week and total amount of months of the treatment. Additionally, 
patients were asked whether they had used topical therapy and if so, which topical 
agent was used and the average application of the cream per week. Finally, questions 
were asked about adverse effects; temporary occurrence of suberythema, painful 
erythema and a burnt skin.

Statistical analysis

using the T-test and Mann-Whitney-U test for normally and not-normally 
distributed numerical variables, respectively. For categorical variables Chi-square 
tests were performed to analyze differences between the groups. The Spearman’s 

repigmentation and patient satisfaction within the groups. Statistical tests were 

RESULTS

Patient and treatment characteristics

groups were comparable regarding age, duration of disease, previous treatments 
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Table 1. Patient Characteristics.

Group I (conventional)
N=47 N=45

Male : female ratio
Mean age ± SD (min-max)
Disease duration > 5 years
Skin type 
I
II
III
IV
V
VI

SD: standard deviation

patients.

Table 2. Characteristics and results of treatment.

Group I 
(conventional)

Group II  P-value

Mean number of treatments per week *

Blistering
*

incomplete treatment charts of the patients. 

Repigmentation and satisfaction
The median repigmentation within the two groups differed widely for different 
body sites. The median repigmentation for the face and neck were reported slightly 
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Table 3. Median repigmentation (%) at different body sites at the end of therapy.

Group 1 (conventional )Median [IQR] N Median [IQR] N  P-value

Face
Neck
Trunk
Arms
Hands
Legs
Feet

IQR: interquartile range

Figure 1. The onset of repigmentation per patient group. 
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Furthermore, most of the patients would recommend their treatment to others 

No 

DISCUSSION 

This questionnaire study examined patient reported outcomes regarding 
repigmentation and satisfaction in non-segmental vitiligo patients after completing 

regimen with NB-UVB thrice a week in combination with topical agents does not seem 
to be superior to the conventional treatment regimen with NB-UVB twice a week. 

Our NB-UVB protocol changed from twice to thrice a week (in combination with 
topical therapy), however no reports are available demonstrating the superiority of 
one above the other. Previous studies indicate that repigmentation is dependent on 
the total number of light treatments.  Earlier onset of repigmentation has been 
seen in the thrice weekly regimen, which seems to be comparable to our study. Similar 
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results have been observed in a study comparing twice and thrice weekly NB-UVB 
therapy for psoriatic patients.  Furthermore, systematic review studies comparing 
combination therapy (NB-UVB and topical calcineurin inhibitors) with monotherapy 
(NB-UBV) showed improved repigmentation for the combination therapy, especially 
in the face and neck.

regimens with each other from patients’ perspectives. A strength of our study was 
that it concerns real life data from clinical practice. Another strength is that it had 
equal and comparable treatment groups regarding baseline patient and treatment 
characteristics, which was essential to make proper comparisons between the two 
different treatment regimens. In addition, the surveys were only sent to patients 
that had recently completed their NB-UVB therapy, which kept the recall bias as 
limited as possible. 

However, there are some limitations to this study that need to be addressed. Firstly 

patients expectations might have changed over time. Since the prognosis and 
treatment regimens for vitiligo have not changed much in this period we expect 
this difference to be small. Furthermore this study was based on daily practice, 
additional therapy (such as topical agents and skin transplantation) during NB-UVB 

on the outcomes and makes a proper comparison between our treatment regimens 

to the fact that not all cumulative doses could be determined. Another important 
limitation is the lack of validated outcome measures. However, it is remarkable 
that the percentage of repigmentation in the various body locations is compatible 
with the expected response pattern in both groups. Finally, disease extent and 

perspective on the therapeutic outcomes. 

The design of our study was constructed in such a way that two and three times 
weekly NB-UVB therapy could not directly be compared with each other; we also 
added the topical treatment to our standard of care. A direct comparison between 
twice weekly and thrice weekly NB-UVB in vitiligo patients is still needed to 
determine what the optimal frequency is. It is possible that the additional topical 
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these regimens in retrospective study designs due to the possible variations in 
dosimetry, irradiation time and other outcome measures. A twice-weekly regimen 
might be more convenient regarding time and effort for patients. However, this 
could be accompanied by psychological distress experienced by patients due to 
slow responses, leading to reduced therapy compliance.

In conclusion, this study shows that the twice-weekly and thrice-weekly regimen in 
combination with topical agents seem to be comparable regarding patient reported 
repigmentation, satisfaction and occurrence of short term adverse effects. Though, 

onset of repigmentation, but costs and burden should be taken into account. Larger 
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SUPPLEMENTARY APPENDIX I 

Vragenlijst voor patiënten met vitiligo die een UVB-kuur hebben gehad
Hieronder vindt u een aantal vragen over uw vitiligo en de behandeling met UVB.

meest op u van toepassing is?
alle vragen beantwoordt en geen vragen overslaat.

Voorletter(s) + achternaam : ...................................................

Voorgeschiedenis

 
 
 

lichttherapie gehad?
 
 
 
 
 
 



4

 Het breidde zich uit de laatste 6 weken voor start lichtbehandeling
 
 Het breidde zich uit de laatste 6 maanden voor lichtbehandeling
 
 
 

spontaan terug in de witte plekken 
 Ik kan het me niet meer herinneren

meest op u van toepassing is?
5) Waar vond de laatste lichtbehandeling plaats?

 Thuis     
 SNIP 

6) Hoe vaak belichtte u gemiddeld per week?
 
 
 
 
 5x per week

7) Hoe lang heeft u belicht?
 
 
 
 

8) Hoe vaak heeft u door omstandigheden een behandeling moeten missen?
 Nooit
 
 
 

9) Na hoeveel maanden merkte u dat de bruine kleur in de witte plekken terugkwam?
 
 
 Ongeveer 6-9 maanden
 
 Niet



4

PART I | CHAPTER 4

 
 
 
 

lichtbehandeling?

 nee
 

 minder dan 5 keer
 
 

 Nee
 

 minder dan 5 keer
 
 

 Sloeg ik hierna de volgende belichting over
 
 

 
 
 Niet van toepassing: de plekken werden nooit roze

 Sloeg ik hierna de volgende belichting over
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Vragen over gebruik van crèmes tijdens UVB-kuur

behandeling van vitiligo:

 Nee
 

 Protopic
 
 
 
 
 

 Cutivate
 
 
 
 
 

 
 
 
 
 
 

Resultaten

behandeling?
 zeer tevreden
 tevreden
 
 noch tevreden - noch ontevreden
 
 ontevreden
 zeer ontevreden 

 
 nee
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Indien ‘nee’; wat hebt u gemist?

 zeer tevreden
 tevreden
 
 noch tevreden - noch ontevreden
 
 ontevreden
 zeer ontevreden

U kunt hier aangeven op welke plekken uw vitiligo aanwezig was en hoeveel bruine 

 
 
 
 
 
 
  

 

 
 Nee

Waarom (niet)?
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ABSTRACT

Stabilized vitiligo resistant to conventional therapy (e.g. segmental vitiligo) and 
piebaldism lesions can be treated with autologous cellular grafting techniques, 
such as non-cultured cell suspension transplantation (NCST) and cultured 
melanocyte transplantation (CMT). These methods are preferred when treating 
larger surface areas due to the small amount of donor skin needed. However, the 
donor to recipient expansion ratios and outcomes reported in studies with cellular 
grafting vary widely and to date, no overview or guideline exists on the optimal 
ratio. The aim of our study was to obtain an overview of the various expansion 
ratios used in cellular grafting and to identify whether expansion ratios affect 
repigmentation and colour match. We performed a systematic literature search in 
MEDLINE and EMBASE, to review clinical studies that reported the expansion ratio 
and repigmentation after cellular grafting. 

with the same expansion ratio and repigmentation thresholds, showed that when 

half of our included studies stated the colour match between different expansion 
ratios and results were variable. In conclusion, the results of our study indicate 
that higher expansion ratios lead to lower repigmentation percentages after NCST 
treatment. This should be taken into consideration while determining which 
expansion ratio to use for treating a patient.



5

DONOR RECIPIENT RATIOS IN SURGICAL TREATMENT: A SYSTEMATIC REVIEW

INTRODUCTION

Vitiligo and piebaldism are skin disorders, in which large depigmented lesions can 
be present. These skin diseases can severely alter the physical appearance leading 
to social stigmatization and an impaired quality of life.  Several methods of 
autologous skin transplantation are available as treatment for repigmenting stable 
vitiligo and piebaldism lesions.   These surgical methods can roughly be divided 
into tissue grafting and cellular grafting.

blister grafting and split-thickness grafting.5 Punch grafting is a simple and widely 
 can approximately repigment a 

recipient depigmented skin area of 5cm 6 
This ratio however, can vary due to the differences in pigment spread. Moreover, 
adverse effects such as a cobblestone appearance of the recipient site and scarring 
of the donor site are not uncommon.7 The epidermal blister grafting and the split 
thickness grafting methods are found to have the highest repigmentation success 
rates , however the donor to recipient expansion ratios (DR expansion ratios) are 

 Due to these low expansion ratios, the 
tissue grafting techniques are poorly suited for treating large depigmented areas, 
requiring large donor areas to treat large recipient lesions.  In addition, repeated 
surgical operations are needed for treating large surface areas. 

Cellular grafting techniques include non-cultured cell suspension transplantation 
(NCST) and cultured melanocyte transplantation (CMT). These methods are 
preferred when treating larger surface areas due to the small amount of donor 
skin needed.  However, DR expansion ratios and outcomes reported in studies 
with cellular grafting vary widely and to date, no overview or guideline exists on 
which ratio to use. Furthermore, little evidence is available on the correlation of 
expansion ratios with the repigmentation success rate. 

We performed a systematic review to provide an overview of the various expansion 
ratios used during NCST and CMT. Furthermore we aimed to identify whether 
expansion ratios affect the repigmentation success rates and colour matching to 
the non-lesional surrounding skin. 
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METHODS 

This study was conducted according to the Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) Guideline and was registered in 

Search strategy
We za systematic literature search in collaboration with a clinical librarian (M.M.) 
of the Amsterdam University Medical Center in EMBASE and MEDLINE from 

th

and synonyms of vitiligo, piebaldism and cellular transplantation  techniques 

obtained by excluding editorials, reviews and commentaries in the search. The 
same approach was used for excluding animal studies. Subsequently, the reference 

articles. 

Study selection and eligibility criteria

(V.N. and L.B.) using the web-tool Rayyan

patients, (II) intervention study with cellular transplantation technique(s), (III) 
known donor and recipient sizes with quantitative repigmentation as outcome 
measure, (IV) prospective studies including (non)randomised clinical trials and 
case series and (V) studies written in English. Cellular transplantation techniques 
consisted of NCST and CMT. We did not exclude studies in which additional therapy 
(e.g. phototherapy) was given. The selection procedure for eligible studies and 

Data extraction and analyses

from each eligible study: author, publication year, study design, number of patients 

stability, preparation of recipient site and grafting type of donor site. In addition, for 

treatment, DR expansion ratio, number of patients reaching repigmentation based 
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Descriptive statistics and pooled analyses of studies with the same expansion 
ratio and repigmentation thresholds were carried out to meet our study aim. Chi-
square ((( ) tests were performed to analyse and compare categorical variables. 
Spearman’s rank correlation (rs

the DR expansion ratios and the repigmentation. Statistical analyses were executed 

The selection

Quality assessment
We performed a risk of bias analysis to assess the quality of all included articles. 
We used the Cochrane Collaboration risk-of-bias tool for randomised trials (RoB 

 to assess the bias (high, some concerns, low) of each included randomised

(5) selection of reported result. For the quality assessment of the included case
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Series.
Appraisal Checklist for Quasi-Experimental Studies.  Both checklists comprised 

RESULTS 

Study selection and characteristics

criteria. Our study selection process and reasons for exclusion are presented 

subtypes of vitiligo (i.e. non-segmental, segmental and focal vitiligo) were included 

reported a (wide) range of expansion ratios (marked as ‘range of DR expansion 

studies. The study characteristics, DR expansion ratios, results of repigmentation, 

Studies comparing DR expansion ratios in NCST
Two studies directly compared different expansion ratios and their repigmentation 
after NCST.  In the study of Tegta et al.  repigmentation after NCST was compared 

n
group (n
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et al.
patients, randomly allocated to two groups: one group (n

n

differences were found between the subgroups. Both studies demonstrate great 
differences in repigmentation response between the lower and higher expansion 
ratio groups. 

DR expansion ratio related to repigmentation and colour match in NCST
Given the heterogeneity of the studies (predominantly regarding outcomes, 

a meta-analysis. Instead, we performed pooled analyses on roughly comparable 
studies that stated a precise DR expansion ratio and used the same repigmentation 

a form of additional treatment (such as NB-UVB, PUVASOL, excimer laser) were 
 

repigmentation respectively after NCST per DR expansion ratio used. The highest 

was found in these groups between the expansion ratios and the repigmentation 
percentages (rs s 

expansion ratio and repigmentation (rs 
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the non-lesional normally pigmented skin after treatment. In two studies directly 

lower expansion ratio group.  Other studies illustrated variable results of the 

expansion ratio groups

DR ratio Author, year Lesions 
> 50 %

Total lesions
>50% repigmentation

1:3

Total

7

49 55 89 % *

1:5

Total
67
101 135 75 % *

1:10

Total

6

8
66 109 61 % *

expansion ratio groups

DR ratio Author, year Lesions 
> 75 %

Total lesions
>75% repigmentation

1:3

Total

5

39 55 71 % *

1:5

Total 24 52 46 % *

1:10

Total

7
6
40 89 45 % *
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expansion ratio groups

DR ratio Author, year Lesions 
> 90 %

Total lesions
>90% repigmentation

1:3 60 % *

1:5

Total 57 125 47 % *

1:10

Total

5

40 107 39 % *

CMT
In four studies repigmentation after CMT was assessed in which the expansion 

et al.

ratios. In the study of Bao et al.  repigmentation in patients (n=

n=
et al.  compared 

case series of Pandya et al.

in the CMT group however, was not clearly stated in this study. 

Quality assessment 

showed an overall high risk due to biases in missing data, selection of reported 
results and deviations from intended interventions. Other studies had some 

due to the selective patient population and lack of reporting relevant information.
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Figure 2. Risk of bias assessment of randomised controlled trials. The risk of bias assessment 
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DISCUSSION

This study provides a systematic overview of donor to recipient expansion ratios 
and its relation to repigmentation and colour match in cellular grafting of vitiligo 

of our study indicate that lower expansion ratios lead to higher repigmentation 
percentages after NCST treatment. 

In our pooled analyses of various studies performed in different countries and 

demonstrating substantially better outcomes for the lower expansion ratios.  

ratios after CMT treatment.  A possible explanation for this could be that in 
principle this technique yields a larger number of melanocytes for transplantation 

in studies comparing (different expansion ratios between) CMT and NSCT.  
The cultured technique however, does have a few disadvantages since it is a time-
consuming, expensive and complicated procedure, requiring advanced equipment, 
a sterile lab setup and trained personnel. 

Less than half of our included articles state the colour match. Two studies 
demonstrate a better colour match, when using a lower expansion ratio , 
however the results of the other studies are variable.  

Most studies included different vitiligo subtypes (n=

seven
(FV) demonstrated a higher repigmentation response after NCST treatment 
compared to NSV. Solely one study  showed the exact opposite. This suggests that 
a separate analysis per subtype is of importance, since various subtypes respond 
to treatment in a different manner due to differences in pathophysiology.  In 

melanocytes can have a negative impact on treatment outcome. 
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Furthermore, we found differences in preparation of the recipient site (i.e. 

methods, stating that there is no evidence-based preference in terms of better 
outcomes.  

for our search. In addition, we found a high heterogeneity between our included 
studies in terms of repigmentation measures, disease stability, vitiligo subtypes, 

lacking a control group.  As a consequence, we were not able to perform a meta-
analysis of the outcomes with regard to the expansion ratios. Instead, we pooled 
study results with the same expansion ratios and repigmentation threshold 

follow-up duration (average 6 months). Another limitation is that little under half 
of all included studies stated a range of expansion ratios, making it somewhat 

Given these points, this review once again underlines the importance of establishing 
a consensus on (core) outcomes. Nevertheless, we attempted to integrate the 
outcomes of all relevant prospective studies as far as possible and to our knowledge 

related outcomes reported in cellular grafting. 

In conclusion, our study provides an overview of various donor to recipient 
expansion ratios used in cellular grafting for vitiligo and piebaldism. We found 

were found in studies comparing NSCT with CMT. The results of our study indicate 
that higher expansion ratios lead to lower repigmentation percentages after NCST 
treatment. For clinical practice this should be taken into consideration, before 
deciding which DR expansion ratio to use. 
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SUPPORTING INFORMATION

Appendix S1. Literature search

Search strategy per database
MEDLINE

EMBASE:

OR

transplant*:ti,ab,kw OR

hypopigment*:ti,ab,kw OR hypomelanos*:ti,ab,kw OR ‘partial albinis*’:ti,ab,kw 
OR ‘cutaneous albinis*’:ti,ab,kw OR piebald*:ti,ab,kw OR vitilig*:ti,ab,kw) NOT 

Terms for search
Terms for vitiligo and piebaldism
Non-MESH: Vitiligo; Piebaldism; Depigmentation; Hypopigmentation; Leucoderma, 
hypomelanoses, partial albinism
MESH: Vitiligo (MESH); Hypopigmentation (MESH)

Terms for skin transplantation
Non-MESH: graft*, transplant*, autotransplant*, autograft*, skin transplantation, 
melanocyte transplantation, keratinocyte transplantation, graft*
MESH
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Appendix S3. Critical Appraisal of Case Series and (non-randomised) Clinical 
trials

JBI Critical Appraisal Checklist for Case Series14

Author, year 1 2 3 4 5 6 7 8 9 10 Overall Rationale

 et al. NA Include -
Garg et al. UC UC No No No NA Exclude Unclear reporting of many 

details such as recruitment 
of patients, measurement 
tool and outcome measure 
assessment.

Gill et al. UC No Include -
Huggins et al. UC Include -
Kachhawa et al. No UC NA Include -
Khodadadi et al. UC No NA Include -
Mulekar et al. UC UC UC NA Exclude Questionable study design 

and unclear reporting 
of instrument use for 
measuring outcome.

Mulekar et al. UC UC No No NA Include -
Mulekar et al. UC No UC No NA Include -
Mulekar et al. UC UC No No No UC NA Exclude Unclear reporting of many 

details such as recruitment 
of patients, clinical 
information, measurement 
tool and outcome measure 
assessment.

Olsson et al. No No No No UC UC NA Exclude Lack of reporting 
information such as 
inclusion criteria, 
measurement tool and 
outcome measurement 
assessment. Furthermore 
unclear reporting 
of relevant clinical 
information (disease 
stability).

Pandya et al. No UC UC UC NA Include -
Ramos et al. UC No NA Include -
Sahni et al. No UC NA Include -

Abbreviations: UC, unclear; NA, not applicable.

JBI Critical Appraisal Checklist for Quasi-Experimental Studies (non-randomized 
experimental studies)15

Author, year 1 2 3 4 5 6 7 8 9 Overall Rationale

Bao et al. Include -
Ebadi et al. No No Include -

 et al. UC Include -
Hong et al. Include -

 et al. NA NA No NA No Include -
Vazquez-Martinez et al. Include -

Abbreviations: UC, unclear; NA, not applicable.
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Dear Editor,

Depigmenting skin disorders, such as vitiligo and piebaldism, can severely alter 
the physical appearance leading to social stigmatization and an impaired quality 
of life.  To date, several surgical methods of autologous skin transplantation are 
available for treating stable depigmented lesions to achieve repigmentation.  
Tissue grafting techniques, such as split-thickness and blister grafting, have the 
highest repigmentation rates , however they are poorly suited for treating larger 

5 
In addition, only a limited surface area can be treated per treatment session. On 

skin) can be treated with the non-cultured epidermal cell suspension technique 

to result in a good and uniform repigmentation. Although NCES usually yields 
lower repigmentation success rates, when treating with a higher expansion ratio.6 
Furthermore, it is more time-consuming and requires chemical processing and 
trained personnel.  Summarising, the above-mentioned grafting techniques lack 
the capacity of easily treating large depigmented areas with high success rates. 
Thus, there is an unmet need for a simple, reliable and effective transplantation 
technique for large areas.

 This 

 
However, this technique has never been utilized previously for the treatment of 
depigmented lesions. We used this method to treat a large surface area on the 

normally pigmented skin of the right hip using an electric dermatome (Humeca, 
the Netherlands). After that, the harvested skin was placed onto two square 

Subsequently, the micro skin grafts on the cork plates were transferred onto a 

gently removed. The gauze, now containing the skin pieces, was manually unfolded 

with a CO
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gauzes and dressing were removed after one week. In our patient we used one 

, however we did not combine any 
therapy after grafting for our patient. For future treatments of larger areas, higher 

Figure 1.
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Figure 2. Meek micrografting technique. The split-thickness skin graft was positioned (dermal 
side down) onto the square cork plates and placed in a cutting block (A), that moves along a 
crankshaft with cutting blades of the Meek Micromesher (B). After spraying with the adhesive 
spray, the cork (with the cut skin grafts) is placed onto the pleated prefolded Meek gauze (C), 
allowing the micro skin grafts to adhere to the gauze (D). The pleated gauze is pulled manually in 

to the recipient site (F). 

for stable depigmented lesions, as it is a simple tissue grafting method that 
potentially reaches high expansion ratios and high repigmentation success rates. 
Thus, the Meek technique seems to be a promising novel technique for grafting 
large depigmented lesions.
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Dear Editor,

Several surgical techniques are available for the treatment of stable depigmentations 
caused by (segmental) vitiligo and piebaldism.  To date, autologous tissue grafting 
and cellular suspension methods are widely used for treating stable vitiligo and 
piebaldism ; however, limitations of these current techniques exist concerning the 
costs, size of transplanted skin, ease of use and repigmentation. There is an unmet 
need for treatment of large surface areas with a simple, reliable and effective 

 however, this 
technique has only recently been introduced for treating depigmentations.5

The aim of this study was to evaluate the results of all vitiligo and piebaldism patients 
treated with the Meek micrografting technique, with regard to repigmentation, 
side-effects and patient- reported outcomes. 

We retrospectively analysed the treatment response of all vitiligo and piebaldism 

The harvested skin was placed onto square cork plates and cut into small square 

square skin pieces were transferred onto the prefolded expandable gauzes, which 

was prepared with a CO
laser-ablated site. A detailed description of the treatment procedure has recently 
been published.5 The repigmentation after 6 weeks and 6 months of treatment was 

treatment experience.

treatments, a relatively high degree of repigmentation, was already achieved after 
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Of the six patients, three patients previously received the cell suspension treatment 

differences were found in median repigmentation after 6 months between the Meek 

Vitiligo Noticeability Score6

match. No severe side effects occurred during or after the treatments. Commonly 

was seen in two patients. In all patients a ‘grid-like’ pattern was visible, sometimes

Figure 1.  Non-segmental vitiligo lesion on the left shin of patient 6, before (a) and at 6-month

is seen at a 6-month follow-up. The lines of the undergarment are marked by the arrow and show 
a band of depigmentation underneath after treatment. The area within the green lines (d) was 
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A disadvantage of this treatment is the initial high cost for purchasing the device. 

reported with the cell suspension technique.7 Advantages are that expensive 
disposables or chemical processing are not required. Moreover, a small donor site 
can be used for large recipient sites. Once the machine is acquired, the costs for 
the corks, gauzes and maintenance are very low. Another, comparable automated 
micrografting technique is the fractional epidermal micrografting technique, which 
is based on multiple suction blisters.8,9

The main limitations of this study were the retrospective design and small sample 
size. Future studies are required to compare results with current transplantation 
techniques. Summarizing, our preliminary experience in the use of the Meek 
technique for treating depigmented macules suggests that it is a simple and safe 
transplantation technique that achieves relatively high repigmentation percentages 
and expansion ratios. 
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Dear Editor,

as a core outcome in vitiligo.  Many measurement instruments have been used to 
assess repigmentation , although to date the Vitiligo Extent Score and the Vitiligo 
Area Severity Index are the best validated.  

However, for interpretation of this outcome, little evidence is available on the 
thresholds of successful repigmentation. In previous Cochrane reviews on vitiligo, 

5 But why was 

6,7 However, in vitiligo - where treatments 
generally yield less improvement - this analogy may not be true. Previous clinical 

 Until now, little 
is known on patients’ perspective regarding successful treatment in terms of 
repigmentation. In addition, these success percentages could differ depending on 
the location. Remarkably, Eleftheriadou et al. showed, in three focus groups, that 

8 

non-facial lesions from patients’ perspective by carrying out a prospective cross-
sectional questionnaire study. 

consecutively visited our outpatient clinic at the Netherlands Institute for Pigment 

survey consisted of questions regarding patient demographics, quality of life and 
successful repigmentation rates concerning the patient’s own situation. Answers 
were based 
questions for facial and non-facial lesions (on the body). Only fully completed 
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(Fitzpatrick IV-VI) patients. The median of the Dermatology Life Quality Index total 

Mann-Whitney 

U-test 

Mann-Whitney U-test 

Figure 1. Percentage repigmentation regarded as successful by patients for facial and non-
facial lesions. The bar graph represents the percentages in repigmentation that vitiligo patients 
have reported to be regarded as successful for facial lesions (white bars) and for lesions on the 
body (black bars). The y-axis represents the percentage of the total number of patients. 
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Our results are largely in agreement with the study of Eleftheriadou et al. 

facial lesions are repigmented. However, a considerable proportion also seem to 
be content with lower repigmentation rates, indicating a great variation in our 
population. In addition, for non-facial lesions, patients seem to be less critical and 

There are some limitations to this study. This questionnaire was constructed 

included at a national referral centre, the patient population in this study may not 

are not referred to our centre. However, strengths of this study include the large 

lesions. In addition, patients were able to complete the questionnaire at home 

In conclusion, this study indicates a great variety among patients regarding their 

seems to depend on the location of the lesions and on skin type. In line with a 
previous focus group study, we found that only a high percentage of repigmentation 

future research we recommend involving different ethnicities and more patients 
with a dark skin type, to determine successful repigmentation.  
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ABSTRACT 

Background
The treatment of non-segmental vitiligo (NSV) remains a challenge. Current 
treatments often achieve suboptimal clinical results. To improve these treatment 
results, several new therapies are being developed and investigated. There is, 
however, little evidence on the actual need for novel therapies.

Objective
To assess patients’ perspective on current and novel therapies for vitiligo.

Methods
A prospective questionnaire study was conducted in a large cohort of vitiligo 
patients that consecutively visited the outpatient clinic of the Amsterdam University 

treatments.

Results

current treatments. Sixty-seven percent of the patients experienced facial lesions 

higher in dark skin types compared to light skin types (respectively 8 vs 5, U p 

Conclusion
There is a substantial need for new vitiligo therapies. A considerable number of 

and is willing to participate in clinical trials.
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INTRODUCTION

Vitiligo is the most common depigmenting skin disease affecting approximately 
 Although 

problems like itch and a history of sunburns are common, vitiligo generally does 
not lead to physical complaints.  However, the disease is strongly associated with a 

and stigmatized by their condition.

To date, there is no curative treatment available for vitiligo. For many years now 
vitiligo therapy consists of topical agents, phototherapy and surgical techniques, 

5 
So far, current treatment results vary between patients and a considerable number 

To improve these suboptimal treatment results, several new therapies are being 
developed and investigated.  However, for the clinical implementation of these 
new treatments it is crucial to know the vitiligo patients’ need for novel treatment 

are patients in fact with the current treatments? More knowledge of these factors 
could be of great value to various stakeholders, such as physicians, policy-makers 
and pharmaceutical companies. 

Furthermore, many studies have shown that vitiligo is associated with a substantial 
disease burden, using various measurement tools.  In addition, a few studies have 
related psychological complaints and quality of life to the location of the vitiligo 
lesions, showing a higher impact on exposed areas, such as the face.  However, 
various other studies indicate that other body regions have larger impact on the 

that vitiligo particularly on the chest had an impact on the health-related quality 
of life, whereas lesions on the hands and face did not.  Another study found that 
lesions on the genital area were associated with a high burden.  Florez-Pollack et 
al. illustrated that lesions on the hands were even more bothersome compared to 
the face and neck.  We hypothesize that the disease burden and its relation to the 
location of the various vitiligo lesions could be correlated to the demand for new 
therapies.

To address these issues, we performed a cross-sectional prospective survey. The 
aim of this study was to assess the patients’ perspective on current and novel 
therapies for vitiligo. Furthermore, we aimed to compare demographic features, 
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such as gender, skin type and location of lesions (e.g. facial vs. non-facial) in relation 
to the primary outcomes on satisfaction of current treatments, disease burden and 
demand for new therapies.

PATIENTS AND METHODS

Patients
This prospective questionnaire study was conducted in a cohort of vitiligo patients 
at the Netherlands Institute for Pigment Disorders (NIPD) of the Amsterdam 
University Medical Centre (UMC). This institute is a centre of expertise for vitiligo 
and has a nation-wide patient population. All patients with non-segmental vitiligo 

focal and universal vitiligo were not included, since these subtypes differ in 
management, treatment and prognosis and cannot be compared to NSV for this 
study purpose. 

Patients of whom the email address was registered in the electronic patient system 
received an email with a secured online questionnaire carried out by LimeSurvey 

. This 

Questionnaire
We developed an online questionnaire consisting of questions regarding; (i) 
demographics, (ii) disease burden, (iii) current treatment results, (iv) novel 
therapies and (v) quality of life (Supplementary Appendix I). 
Demographic questions included age, gender, location of the vitiligo lesions and 
the Vitiligo Disease Activity (VIDA) score. Patients were requested to indicate the 
disease burden of their vitiligo lesions in relation to the location of these lesions. 
Furthermore, they were asked to score their emotional disease burden on a visual 

burden). Patients were asked two questions in total about the effectiveness and 
satisfaction of current therapies. Three questions were included regarding novel 
therapies. First, patients were asked if they thought new and improved therapies 
for vitiligo are needed. Secondly, patients were requested to indicate whether they 
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was included about the willingness to participate in a clinical trial investigating a 
new vitiligo therapy, if patients would not receive any payments for participation 

Life Quality Index (DLQI) were included to assess the quality of life. 
 
Statistical analysis

statistics were used to analyse the demographics of the study population. To 
compare means and medians, respectively t-tests and Mann-Whitney U tests (U) 

s) was used for correlation 

RESULTS

patients had a functioning email address that was available to us. Questionnaires 

Primary survey outcomes

that new and improved treatment modalities are needed for vitiligo. Half of the 

that the current treatments were not or little effective. The demand for new 

association was found between the location of vitiligo lesions and the demand for 

lesions and skin type with regards to the willingness to participate in clinical trials. 



8

PART III | CHAPTER 8

Table 1. Patient and vitiligo characteristics

Male : female ratio
Mean age ± SD (min-max) in years
Mean age of onset ± SD (min-max)  in years

Parameter N (%)

Vitiligo disease activity (VIDA score)
  Activity in past 6 weeks

  Activity in past 6 months
  Activity in past year

  repigmentation
Skin type 

I
II 
III
IV
V
VI

Previous treatments 
   Has had treatment before for vitiligo
   Use of creams
   Use of NB-UVB light therapy 
   Skin transplantations

Table 2. Primary survey outcomes

Parameter N (%)

Effectiveness of current treatments 
Not effective
Little effective 
Effective
Very effective
Not applicable

Satisfaction regarding current treatments 

Not applicable
Need for novel treatments: yes
Study participation: yes
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a need for new and improved therapies (rs

treatments (rs

Disease burden and Dermatology Life Quality Index 
The median of the emotional disease burden score during lifetime was 5 [IQR 

 The 

scores of the DLQI (rs

Figure 1. Emotional burden of vitiligo. The bar graph represents the emotional burden that 
vitiligo patients have experienced during their lifetime (black bars) and during the past week 
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Figure 2.  Dermatology Quality Life Index total scores. Dermatology Life Quality Index (DLQI) 

a patient’s life.

percent of the patients experienced their facial lesions as an extreme burden, 

respectively. Patients that experienced facial lesions as an extreme burden were 

s

(ii) the willingness to participate in clinical trials (rs

the acceptance of taking invasive therapy (rs

to the DLQI total scores with the demand for new treatment (rs

willingness to participate in clinical trials (rs

of taking invasive therapy (rs
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Figure 3. Patient burden of disease per location. The stacked bar chart shows the patient 

DISCUSSION 

Our study clearly demonstrates the substantial demand of vitiligo patients for 
new therapies. Ninety-four percent of the vitiligo patients included in this study 
indicate that new and better treatments are needed for vitiligo. Consequently, a 

of vitiligo therapy. Moreover, approximately half of the patients felt that their 

patients who had only received topical treatment, which is in line with previous 
studies.

respond better to therapy than lesions on other body regions.  

treatments, are more demanding for new treatments. It is however remarkable that 

the opinion that new treatments are needed for vitiligo.

study which showed that vitiligo particularly has more impact on the quality of 
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life of patients with dark skin than patients with a light skin (Fitzpatrick skin type 
 In addition, our results show a clear difference in experiencing burden of 

they experienced their facial lesions as an extreme burden, followed by lesions on 
the hands in a quarter of the patients. This is not unexpected, since these body 
sites are usually exposed areas. On the contrary, lesions on the feet and on the 

probably since these usually involve covered areas. Thus, the degree of burden 

with previous studies.  Furthermore, this study shows that a higher burden 

new therapies, but also with a higher willingness to participate in clinical trials and 
a higher acceptance of invasive treatment for their vitiligo. 

of vitiligo patients participating in a UK survey study reported the main priority 
 As our collected data were 

perspective. The strength of our study is that all patients were approached 
consecutively from our outpatient department, thereby including patients from 
daily practice. Moreover, this survey is completed by a relatively large cohort of 
patients all over the Netherlands. However, there are some limitations to this study. 

questionnaire, which may raise a bias, due to the lack of data available on the non-
responding patients. Moreover, since patients were included at a national referral 
centre for pigment disorders, the population of vitiligo patients in this study may 

of people with vitiligo who do not seek care or are not referred to our expert centre. 

representative for the global vitiligo population.

The results of this exploratory study underline the demand for improved and novel 

with current treatments and emotionally burdened by the disease. In addition, 
the disease burden seems to be dependent on the visibility of the location of the 

treatments and is willing to participate in clinical trials.
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SUPPORTING INFORMATION

Table S1. Summary of statistical correlations

Parameter Demographic feature P-value

Need for novel treatments - 
- 

facial)# 
- #

Acceptance of receiving 
effective invasive therapy

- Gender
- Location vitiligo lesions
- Skin type

* (male > female)

* (dark > light)
Willing to participate in 
clinical trials

- Gender 
- Location vitiligo lesions
- Skin type

Satisfaction current 
treatments

- Gender
- Location vitiligo lesions
- Skin type
- Age

* (facial > non-facial)

s 

treatments
- Gender
- Location vitiligo lesions
- Skin type
- Age

* (facial > non-facial)

s 

Parameter Parameter P

Satisfaction current 
treatments

- Use of creams
- Use of UVB-therapy 

- Skin-transplantation

s 

s 
* 

s 
*

treatments
- Use of creams
- Use of UVB-therapy 

- Skin-transplantation

s 

s 
* 

s 
*

DLQI total score Emotional burden score (of the past week) s 
*

Emotional burden score 
(past week)

- Need for novel treatment
- Willingness to participate trials
- Acceptance of invasive therapy

, rs
*

s
*

s
*

DLQI total scores - Need for novel treatment
- Willingness to participate trials
- Acceptance of invasive therapy

s
*

s
*

s
*

Chi-square test, #Fisher’s exact test, rs Spearman’s rank-order correlation
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Supplementary Appendix 1. Short survey vitiligo treatment
 

therapies for vitiligo. In case you have any questions, you may address these 
to your attending physician.
 
Dear patient,

for vitiligo. This would take about 5 minutes. 

Currently, medicines that are used for other auto-immune diseases, might have a 
favourable effect on vitiligo. For this reason, the Netherlands Institute for Pigment 
Disorders has started a questionnaire study to see if there is an actual need for 
new vitiligo therapies. With this research we also hope to gain more insight on the 
current situation of patients. 

that your treating physicians will not know your answers. The results of this study 

Thank you for participating.

Do you agree on completing this questionnaire?

My privacy will be respected at all times
I give my permission to participate in this research.

 No I do not agree

1. What is your age

2. Are you male or female?:   Male    Female 
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Face
Hands
Arms, legs
Trunk
Feet

Please indicate your emotional burden during your life time and over the past weeky p

The emotional burden during my life time was (encircle your answer):g y

No burden    Extreme burden

The emotional burden over the past week was (encircle your answer):p

No burden Extreme burden

:
If you do not have any vitiligo lesions on the body regions mentioned below, please 
indicate the burden you might experience if vitiligo lesions would occur on that 
region. 
Face  No burden   Little burden   Burden    Extreme burden
Hands No burden   Little burden   Burden    Extreme burden
Arms, legs  No burden  Little burden   Burden    Extreme burden
Trunkk No burden   Little burden   Burden    Extreme burden
Feet  t No burden   Little burden   Burden    Extreme burden
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7. Was your vitiligo active during the past period? So this means: have the 

 Active in the past 6 weeks

 Active in the past 6 months

 

 Creams   Phototherapy    Skin transplantation   Not applicable
 

 Not effective   Little effective  Effective  Very effective  Not applicable
 

 Not applicable 

 No
 

 No
 

 No

vitiligo?
 No
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DERMATOLOGY LIFE QUALITY INDEX

has affected your life OVER THE LAST WEEK.  Please tick  one box for each 
question.

Over the last week, how itchy, sore,   Very much 
painful or stinging has your skin    A lot  
been?      A little  

      Not at all 

Over the last week, how embarrassed Very much 
or self-conscious have you been because  A lot  
of your skin?     A little  

      Not at all 

Over the last week, how much has your  Very much 
skin interfered with you going   A lot  
shopping or looking after your home or  A little  
garden?            Not at all   
      Not relevant  

Over the last week, how much has your  Very much 
clothes    A lot  

you wear?     A little  
      Not at all  
      Not relevant  

5. Over the last week, how much has your  Very much 
skin affected any social or    A lot  
leisure activities?    A little  

      Not at all  
      Not relevant 

6. Over the last week, how much has your  Very much 

you to do any sport?   A little  
      Not at all  
      Not relevant 
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7. 
you from  or studying?  No   
      Not relevant  

 If “No”, over the last week how much has  A lot  
your skin been a problem at   A little  

 or studying?   Not at all 

8. Over the last week, how much has your  Very much 
skin created problems with your   A lot  
partner or any of your close friends  A little  
or relatives?     Not at all  
      Not relevant  

9. Over the last week, how much has your  Very much 
skin caused any sexual    A lot  

?    A little  
      Not at all  
      Not relevant 

Over the last week, how much of a   Very much 
problem has the treatment for your  A lot  
skin been, for example by making  A little  
your home messy, or by taking up time?  Not at all  
      Not relevant  

 

of the authors.
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CHAPTER 9

GENERAL DISCUSSION

In this thesis ‘shedding light on vitiligo’ we aimed to study different facets of vitiligo 

unveils future perspectives.

Evaluation of topical and phototherapy responses

topical and narrow-band ultraviolet B (NB-UVB) phototherapy from cellular, 
clinical and patients’ point of view. 

Throughout the past several years, different immune cell types in blood and skin 
have been reported to be linked to the disease activity and treatment response in 
vitiligo. Since there is an inevitable delay in repigmentation after therapy, the 
need for an early on treatment marker is substantial. In chapter 2, we provide 
important insights into the effects of topical and NB-UVB therapy on local and 
systemic cellular immunity of vitiligo in relation to repigmentation. We found 
that an early increase of Granzyme B (GrB)+CD8- 

since GrB is known for its proapoptotic role in autoimmune skin diseases.  This 
led to the following question: to which phenotype of cells do these GrB+CD8- cells 
belong and what was its function? Since our CD8- Tregs also were increased in skin, 
we hypothesized that (a part of) the Tregs could belong to this GrB+

as has been previously suggested by others.  The interaction between these same 
type GrB+  

repigmentation, whereas minor changes seemed to be an indication for a better 
repigmentation. In daily clinical practice, these changes in GrB+

blood could be taken into account for providing an estimation of the treatment 
outcome after 6 months. A systemic marker (from blood) would be convenient for 
the ease of use as an early on treatment biomarker. Although to date, promising 
protein skin activity markers have been found such as chemokine ligand (CXCL) 9 

8 and perhaps 

topical treatment.9 But, why is it so important to determine these (potential) 
biomarkers? Since repigmentation after vitiligo treatment is often incomplete and 
a delay in onset of repigmentation is seen after long-term therapeutic exposure, 
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an early on treatment biomarker could help to predict if continuation of therapy is 

and associated costs can be avoided. On the contrary, treatment markers related 
to a favourable response, could also motivate patients to continue therapy, even 
when there is no visible repigmentation initially. Moreover, a baseline biomarker 
or biomarker associated with repigmentation regardless of therapy, could also 
be of added value to patients, to help predict the chances on repigmentation.    
For future implementations of an early on treatment biomarker however, larger 

on other potential cellular (circulating or local) biomarkers for treatment response. 

Notably, during this trial but also during daily practice, we recognized that clinical 
treatment response (repigmentation) after therapy differs between body regions. 

characterized, which is why our aim was to assess the clinical response to NB-
in chapter 3. Our data demonstrated a varied 

response among the different anatomic body regions with facial lesions achieving 
the highest improvement and acral lesions achieving the least improvement, which 
is in line with previous studies.

respectively. The reason behind this difference is not completely clear, however 
might be related to the variation in hair follicle density between different body 
regions. The residual melanocytes that are located in the outer root sheath of the 
hair follicles are reactivated via the Wnt pathway after NB-UVB radiation, leading 
to migration to depigmented epidermis and (perifollicular) repigmentation.  
Although, this does not explain why body regions with a higher hair follicle density 
(i.e. limbs or axillae) are less responsive to therapy than the face. A possible 
explanation could be that the face is generally more exposed to UV (sun)light 

be the distinct differences between anatomical regions of the skin with regards to 
local immune responses and histological differences.  In summary, differences in 
repigmentation between body regions exist, however the exact mechanism of NB-
UVB induced repigmentation and the anatomic variation in response to this, still 
remain to be fully elucidated.  For daily clinical practice and for vitiligo research, 
the results of our study may be of direct added value to clinicians and vitiligo 

per body region and is useful in clinical trials for determining the target lesion 
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that they are well-informed and not disappointed with the treatment outcome. In 
addition, patients could decide to only treat lesions on body regions (for instance 
with a partial UVB body unit) that will presumably respond to treatment. Moreover, 
the burden that patients experience of vitiligo on various body regions differs, as 

 Patients could also choose to treat a certain 
body region, based on the burden they experience from it, keeping in mind that 
treatment prognosis differs per body region.  

To date, NB-UVB is considered to be the mainstay treatment modality for generalised 
 Although broadly 

used, previous literature reviews show no consensus on the frequency and dosing 
of NB-UVB therapy. Expert recommendations are available, but NB-UVB 
treatment regimens still vary between hospitals and countries.
the hospitals have a thrice-weekly regimen, although some use the twice-weekly 
regimen. Others use a combination, for instance reducing the exposure frequency 

 

regimen in combination with topical treatment, although data on the most effective 
treatment scheme is lacking. In chapter 4 we performed a retrospective study to 
explore whether a combination of topical agents and NB-UVB therapy three times 

(conventional group), showing comparable results regarding repigmentation, 
satisfaction and occurrence of adverse effects from patients’ view. However, the 

Thus, a three times weekly regimen could be more satisfactory and effective to 

regarding time and effort for patients. Although, this could be accompanied by 
psychological distress experienced by patients as a result of delayed responses, 
leading to a reduced therapy compliance.  Since our study had its limitations 
regarding the retrospective design, variations in dosimetry, irradiation time and 
other outcomes, a direct comparison between twice weekly and thrice weekly NB-
UVB in vitiligo patients is still required to determine what the optimal frequency 
is. Furthermore, concerns expressed by dermatologists on the higher weekly 
frequency and the number of exposures, is the carcinogenic potential of NB-UVB.  
Currently, the risk of skin cancer after NB-UVB is not fully known yet. Several studies 
have investigated the risk of skin cancer after treatment with NB-UVB therapy.  

NB-UVB treatment. However, these studies were mostly retrospective and partially 



9

GENERAL DISCUSSION

based on psoriasis literature. Prospective multicentre studies of a large number 
of vitiligo patients with an adequate follow-up are required to make an accurate 
determination of the carcinogenic potential of NB-UVB therapy.  Notably, studies 
have shown that patients with vitiligo are found to have a decreased risk of both 
melanoma and nonmelanoma skin cancer, even though a substantial proportion of 
these patients were exposed to higher levels of UV radiation.

Optimization of surgical treatment
Currently, several surgical techniques are available as treatment for repigmenting 
stable vitiligo and piebaldism lesions.  In essence, the donor to recipient 
expansion ratios (DR ratios) for tissue grafting techniques (i.e. punch grafting, 
epidermal blister grafting and split-thickness grafting) are set.  However, DR 
ratios and related outcomes reported in studies with cellular grafting vary widely 
and little evidence was available on the correlation between the DR ratios and 
repigmentation. Therefore, in chapter 5, we performed a systematic review 
to provide an overview of the various DR expansion ratios used during cellular 
grafting with non-cultured cell suspension transplantation (NCST) and cultured 

CMT. The results of our pooled analyses indicated that higher expansion ratios lead 
to lower repigmentation percentages after NCST treatment. For clinical practice 
this should be taken into consideration, before deciding which DR expansion 

found between different expansion ratios after CMT treatment.  A possible 
explanation for this could be that in principle this technique yields a larger number 
of melanocytes for transplantation depending on the culture time. The cultured 
technique however, does have a few disadvantages since it is a time-consuming, 
expensive and complicated procedure, requiring advanced equipment, a sterile lab 
setup and trained personnel. Due to these disadvantages and strict regulations, this 
method is limitedly used. 

As a consequence of the disadvantages of current surgical techniques and the lack 
of capacity of successfully treating large depigmented areas with high DR ratios, we 
sought for a novel transplantation technique to overcome these issues. In chapter 
6A
method for depigmentations: the Meek micrografting technique.  Due to the 

patients with this Meek micrografting technique and evaluated the outcomes in a 
case-series study in chapter 6B. In this study, we assessed the results in 6 vitiligo 
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quick onset of repigmentation was seen after treatment, an early on treatment 
biomarker does not seem to be necessary for surgical treatments with the Meek 

different body regions that were treated. Compared to previous treatments 
however, slight differences were found in median repigmentation after 6 months 

the actual differences in repigmentation between these techniques, also taking the 
DR ratio differences into account. The main advantage of the Meek is that the loss 
of viable cells is minimal and that it is convenient to use for larger depigmented 

treatment to others. Although, common side effects, such as pain and itch during 
and shortly after the treatment were reported as well. Furthermore, a ‘grid-like’ 
pattern of repigmentation was visible (at the recipient site), which in some cases 
also persisted 6 months after treatment. Another disadvantage of this treatment 
is the initial high costs for purchasing the device. However, once the machine is 
acquired, the costs of the corks, gauzes and maintenance remain low. During this 
study, we observed that the median repigmentation differences of patients treated 

although future prospective (randomized controlled) studies are required to 
better evaluate the repigmentation in relation to the different expansion ratios. In 
summary, our preliminary experience in the use of the Meek technique for treating 
depigmentations, suggests that it is a simple and safe transplantation technique 
that achieves relatively high repigmentation percentages and expansion ratios. 

Patients’ perspectives on treatment and outcomes
Over the past years, patient perspectives have become increasingly important. 
Consequently, the last part of my thesis focusses on patients’ view on treatment and 
outcomes. Until now, little is known on patients’ perspective regarding successful 
treatment in terms of repigmentation. In chapter 7, we conducted a prospective 

repigmentation for facial and non-facial lesions from patients’ perspective. Of 

facial vitiligo lesion(s) respectively. We however, did not distinguish the success 
thresholds between other body regions, which may differ as well based on the 
burden that patients experience from their vitiligo lesions. The success threshold 
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also seems to be content with lower repigmentation rates, indicating a great 
variation in our population. Our results were largely in accordance with a previous 

of a target lesion should be regarded as successful.  In conclusion, successful 
repigmentation seems to depend on the location of the lesions and on the skin 
types. However, for future research we recommend involving different ethnicities 
and more dark skin type patients to determine what a successful repigmentation is. 

To date, patients often achieve suboptimal clinical results. To improve these results 
several new therapies are being developed and investigated.  Although, for the 
clinical implementation in daily practice, it is essential to understand the patients’ need for 
these new treatment modalities. In chapter 8 

approximately half of the patients felt that their current treatment was not effective 

on this dissatisfaction, is the therapeutic history. We found that patients who had 

who had received NB-UVB therapy, which is in line with previous studies.  This 
dissatisfaction could be less, if patients were better informed about their treatment 
prognosis per body region. In addition, an early on treatment biomarker may also 

the outcomes of various treatments. Moreover, our analyses showed that patients 

other body regions
Furthermore, our results show a clear difference in experiencing burden of vitiligo 
lesions related to their location. The degree of burden seems to be correlated to the 

 

higher demand for new therapies, but also with a higher willingness to participate 
in clinical trials and a higher acceptance of invasive treatment for their vitiligo. 
Thus, the results of our exploratory study underline the need for improved and 
new therapies for vitiligo patients. 
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Future treatments

transducer and activator of transcription (STAT) pathway, plays a central role in 
the vitiligo pathogenesis , local inhibition of this signalling is a logical approach 
for developing new vitiligo treatments. Recently, large prospective randomized 

States, investigating a novel topical treatment with ruxolitinib cream, an inhibitor 
 Application of ruxolitinib cream as monotherapy was associated 

of the patients after 6 months of treatment with ruxolitinib cream. In our study 
with the current standard of care therapy (NB-UVB phototherapy in combination 
with topical treatment and in some cases additionally oral mini pulse steroids) 

therapy seems to be more effective in terms of repigmentation, however is less 
convenient in the ease of use compared to topical therapy alone. The most common 
side effects of ruxolitinib cream were acne and pruritus of the application sites in 

 To sum up, treatment with 
this cream seems to be promising for patients with vitiligo, however could perhaps 
be enhanced by combining with NB-UVB phototherapy. 

In conclusion, this thesis sheds light on surgical and non-surgical treatments of 
vitiligo, immunological response biomarkers and patients’ perspectives on vitiligo 
care. We found a positive relation between GrB+CD8- T cells in skin and therapeutic 
response, which could be of use as an early on treatment biomarker, however 

treatment. Furthermore, we compared a twice-weekly and thrice-weekly NB-UVB 
regimen in combination with topical therapy, showing comparable results regarding 
patient reported repigmentation, satisfaction and occurrence of adverse effects. 
We provided an overview of various expansion ratios used with non-cultured cell 
suspension transplantations, showing that higher expansion ratios lead to lower 

technique (Meek micrografting technique) for depigmentations, demonstrating it’s 
simple and safe use with relatively high repigmentation percentages and expansion 

successful repigmentation and we underlined the demand for improved and novel 
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vitiligo therapies from patients’ perspective.

This thesis addressed several aspects of vitiligo, providing an overview of current 
treatment results and a better understanding of patients’ point of view on vitiligo 
care. Even despite the large variety in patients’ perception of treatment success, 
discussing treatment prognosis per body region is important for managing the 
expectations of patients. Our recommendation for treating active vitiligo is in 
line with the current standard of care therapy (topical treatment in combination 
with NB-UVB phototherapy), however for stable vitiligo the Meek micrografting 
technique can safely and easily be used for treating depigmented areas. Currently, 
we have demonstrated early cellular changes during vitiligo standard of care 
therapy correlating to repigmentation, that require further studies to determine 
their use as potential treatment response biomarker. Future research will hopefully 
shed more light on these issues, ultimately contributing to improvement of vitiligo 
research and therapy.
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SUMMARY ‘SHEDDING LIGHT ON VITILIGO’  

Clinical, immunological and patients’ perspectives
Vitiligo is the most common depigmenting skin disease affecting approximately 

auto-immune disease characterized by the development of white macules due to 
CD8 T cell mediated loss of melanocytes. The disease is strongly associated with 
an impaired quality of life, as many of the patients feel stressed and stigmatized 
by their condition. The overall aim of this thesis is to shed light on different clinical 
aspects of vitiligo to get a better understanding of the current state of affairs which 
may ultimately contribute to future improvement of vitiligo therapy and research. 

Evaluation of topical and phototherapy responses
The treatment of non-segmental vitiligo (NSV) remains a challenge. Aside from a 
delay in visible repigmentation during therapy, it is uncertain whether a patient 
will ultimately respond to treatment. An early on treatment biomarker could 
help to predict the response to therapy. The aim of chapter 2 was to evaluate 
the association between early changes within various immuno-cell types (T cell 
subsets and NK cells in blood and skin) and the clinical response to treatment. 
This prospective exploratory study was conducted in a cohort of NSV patients 
starting with standard of care treatment consisting of topical therapy alone or in 
combination with narrow band ultraviolet B (NB-UVB) phototherapy. Evaluation 
of the depigmented surface area was conducted with the Vitiligo Extent Score at 

sampling of blood and lesional skin biopsies were performed at baseline and 

+ (GrB)+ +CD8, 
GrB+CD8-, TRM, Treg, NK and GrB+

early increase of GrB+CD8- 

repigmentation after 6 months of treatment. In blood, changes of this same sort of 
cell type (GrB+

in skin between GrB+

outcome. This study evaluated early changes in cellular immunity in relation to 
repigmentation after standard of care therapy. Both adaptive (GrB+

innate (GrB+NK cells) early detectable cellular immunological changes could play 
a role in predicting the treatment response after 6 months of therapy. For future 
implementations of an early on treatment biomarker, however, larger prospective 
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potential biomarkers. 

NB-UVB is a widely used treatment for NSV. The location of the vitiligo lesions is 

chapter 3 was to evaluate the clinical 

of NSV patients treated with NB-UVB (alone or in combination with topical 

body regions was conducted with the Vitiligo Extent Score at baseline and after 6 

repigmentation was found in lesions on the lower facial region, followed by the upper 

In addition, the torso and limbs showed similar repigmentation after treatment 
P=0.288). We found that the body surface 

UVB therapy. These results may be of direct use to clinicians and vitiligo patients 
as it provides more detailed information on treatment prognosis per body region.  

Currently, data on the most effective treatment regimen with NB-UVB phototherapy 

chapter 4 was to retrospectively 
compare NB-UVB treatment regimens for NSV. Patients with NSV treated with NB-
UVB therapy were included in two time periods. Group I received NB-UVB therapy 
twice a week (conventional treatment) and group II received NB-UVB thrice a 

questionnaire regarding the degree and onset of repigmentation, satisfaction and 
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to be comparable regarding patient reported repigmentation, satisfaction and 

accelerate the onset of repigmentation, but larger prospective studies are needed 

Optimization of surgical treatment
Stabilized vitiligo resistant to conventional therapy (e.g. segmental vitiligo) and 
piebaldism lesions can be treated with autologous cellular grafting techniques, such 
as non-cultured cell suspension transplantation (NCST) and cultured melanocyte 
transplantation (CMT). These methods are preferred when treating larger surface 
areas due to the small amount of donor skin needed. However, the donor to recipient 
expansion ratios (DR ratios) and outcomes reported in studies with cellular 
grafting vary widely and to date, no overview or guideline exists on the optimal 
ratio. The aim of chapter 5 was to obtain an overview of the various expansion 
ratios used in cellular grafting and to identify whether expansion ratios affect 
repigmentation and colour match. We performed a systematic literature search in 
MEDLINE and EMBASE, to review clinical studies that reported the expansion ratio 

with the same expansion ratio and repigmentation thresholds, showed that when 

half of our included studies stated the colour match between different expansion 
ratios and results were variable. In conclusion, the results of our study indicate 
that higher expansion ratios lead to lower repigmentation percentages after NCST 
treatment. This should be taken into consideration when determining which 
expansion ratio to use for treating a patient.

To date, autologous tissue grafting and cellular suspension methods are widely 
used for treating stable vitiligo and piebaldism, however several limitations of 
these current techniques exist concerning the costs, size of transplanted skin, 
ease of use and repigmentation. There is an unmet need for treatment of large 
surface areas with a simple, reliable and effective transplantation technique. In 
chapter 6A
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grafting method for depigmentations: the Meek micrografting technique. This 

During this procedure the donor skin is divided into many small pieces using the 
Meek Micromesher and then transferred onto a prefolded expandable gauze with 
aid of an adhesive spray. After that, the gauze is manually unfolded, allowing an up 
to 9-fold skin expansion. The expanded gauze is then placed onto the depigmented 
(laser-ablated) recipient site. For the treatment of our patient, we used one gauze 

this novel technique for stable depigmented lesions, as it is a simple tissue grafting 
method that potentially reaches high expansion ratios and high repigmentation 
success rates.

Based on these successful results, we decided to continue treating vitiligo and 
piebaldism patients with this Meek micrografting technique and evaluated the 
outcomes in a case-series study in chapter 6B. The aim was to report the results of 
the Meek micrografting technique in vitiligo and piebaldism patients,  with regard 
to repigmentation, side-effects and patient reported outcomes. We retrospectively 
analysed all vitiligo and piebaldism patients who received Meek micrografting 

repigmentation after 6 weeks and 6 months of treatment. In addition, patients 

patients would recommend this treatment to others. Moreover, patients reported 

colour match was good to excellent. Reported side effects were pain, itch, transient 
hyperpigmentation and a ‘grid-like’ pattern. The main limitations of this study were 
the retrospective design and small sample size. Future prospective (randomized 
controlled) studies are required to better evaluate the repigmentation with different 
expansion ratios and to compare results with current transplantation techniques. 
Summarizing, our preliminary experience in the use of the Meek technique for 
treating depigmentations suggests that it is a simple and safe transplantation 



10

CHAPTER 10

technique that achieves relatively high repigmentation percentages and expansion 
ratios. 

Patients’ perspectives on treatment and outcomes

international e-Delphi consensus. For interpretation of this outcome however, little 
evidence is available on the thresholds of successful repigmentation. In addition, 
little is known on patients’ perspective regarding successful treatment in terms 
of repigmentation. In chapter 7
repigmentation for facial and non-facial lesions from patients’ perspective by 
carrying out a prospective cross-sectional questionnaire study. All patients with 

our outpatient clinic at the Netherlands Institute for Pigment Disorders of the 

were requested to complete a secured online questionnaire regarding patient 
demographics, quality of life and successful repigmentation concerning their own 

for facial and non-facial lesions (on the body). The overall response rate was 

repigmented. The success threshold for lesions in dark skin type patients was 

repigmentation. Furthermore, successful repigmentation seems to depend on the 
location of the lesions and on the skin types. 

Current treatments often achieve suboptimal clinical results. To improve these 
treatment results, several new therapies are being developed and investigated. 
There is, however, little evidence on the actual need for novel therapies. The 

chapter 8 was to assess patients’ perspective on current and novel 
therapies for vitiligo. A prospective questionnaire study was conducted in a large 
cohort of vitiligo patients that consecutively visited the outpatient clinic of the 
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in clinical trials investigating a new therapy. Sixty-nine percent would agree on 

percent of the patients experienced facial lesions as an extreme burden, whereas 

substantial need for new vitiligo therapies. A considerable number of patients in 

to participate in clinical trials.

This thesis addressed several aspects of vitiligo, providing an overview of current 
treatment results and a better understanding of patients’ point of view on vitiligo 
care. Even despite the large variety in patients’ perception of treatment success, 
discussing treatment prognosis per body region is important for managing the 
expectations of patients. Our recommendation for treating active vitiligo is in 
line with the current standard of care therapy (topical treatment in combination 
with NB-UVB phototherapy), however for stable vitiligo the Meek micrografting 
technique can safely and easily be used for treating depigmented areas. Currently, 
we have demonstrated early cellular changes during vitiligo standard of care 
therapy correlating to repigmentation, that require further studies to determine 
their use as potential treatment response biomarker. Future research will hopefully 
shed more light on these issues, ultimately contributing to improvement of vitiligo 
research and therapy.



10

CHAPTER 10

SAMENVATTING ‘LICHT WERPEN OP VITILIGO’ 

Klinische, immunologische en patiënt perspectieven
Vitiligo is een van de meest voorkomende depigmenterende huidaandoeningen, 

huidtype. Het is een auto-immuunziekte die wordt gekenmerkt door het ontstaan 
van witte plekken in de huid als gevolg van het verlies van melanocyten door auto-
reactieve CD8 T cellen. De ziekte wordt sterk geassocieerd met een verminderde 
levenskwaliteit, aangezien veel patiënten stress ervaren en zich gestigmatiseerd 
voelen door hun aandoening. Het algemene doel van dit proefschrift is om licht 
te werpen op verschillende klinische aspecten van vitiligo om een beter inzicht te 

Evaluatie van topicale en lichttherapie behandelresultaten 

behandel-biomarker) zou kunnen helpen om de respons op behandeling te 
voorspellen. Het doel van hoofdstuk 2 was om de associatie tussen veranderingen 
binnen verschillende immuuncelpopulaties (T-celsubtypen en NK-cellen in bloed 
en huid) en de klinische respons op behandeling te evalueren. Deze prospectieve 

behandeling kregen bestaande uit alleen topicale therapie of in combinatie 
met narrow-band ultraviolet B (NB-UVB) lichttherapie. Evaluatie van het 
gedepigmenteerde huidoppervlak werd uitgevoerd met de Vitiligo Extent Score 

weefselmonsters van bloed en laesionale huidbiopten afgenomen. De weefsels 
werden geanalyseerd op veranderingen in T-celsubtypen en NK cellen bestaande 

+ (GrB)+ +CD8, GrB+CD8-, TRM, Treg, NK en 
GrB+

patiënten de studie voltooid. Uit onze resultaten bleek dat een vroege toename 
+CD8- T-cellen in de huid 

In het bloed vertoonde de interactie van hetzelfde soort celtype (GrB+

+NK-cel 
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studie evalueerde vroege veranderingen in cellulaire immuniteit in relatie tot 
+

als aangeboren (GrB+

6 maanden therapie. Voor toekomstige toepassingen van een vroege behandel-

NB-UVB lichttherapie is een veel gebruikte behandeling voor NSV. De locatie van 
de vitiligolaesies op het lichaam is van invloed op de mate van repigmentatie. Tot 

gebieden van het lichaam echter niet volledig in kaart gebracht. Het doel van 
hoofdstuk 3 
schillende lichaamsregio’s te evalueren. In ziekenhuizen in Egypte, Singapore en 
Nederland werd een multicentrisch onderzoek uitgevoerd onder NSV-patiënten 
die werden behandeld met NB-UVB (alleen of in combinatie met topicale therapie 

studie voltooid. De laesies  op het onderste gedeelte van het gezicht repigmenteerden 
het beste, gevolgd door de bovenste gezichtsregio en het onderste gedeelte van 

repigmentatie dan het bovenste gedeelte van het gezicht. De laagste repigmentatie 

lichaamsregio’s na NB-UVB behandeling evalueerde en vergeleek. Onze resultaten 

informatie geeft over de behandelingsprognose per lichaamsregio.

Momenteel is niet bekend welk behandelschema het effectiefst is met NB-
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frequentere belichting of in combinatie met topicale behandelingen. In hoofdstuk 4  

patiënten. Patiënten met NSV die met NB-UVB therapie werden behandeld, waren 

week NB-UVB therapie (conventionele behandeling) en groep II kreeg driemaal per 
week NB-UVB, gecombineerd met topicale therapie (geïntensiveerde behandeling). 

tussen de twee groepen. De aanvang van repigmentatie in de eerste drie maanden 

Optimalisatie van chirurgische behandeling
Gestabiliseerde vitiligo die therapie resistent is voor conventionele therapie 
(bv. segmentale vitiligo) en piebaldisme laesies kunnen worden behandeld met 
autologe cellulaire transplantatie technieken, zoals niet-gekweekte celsuspensie-
transplantatie (NCST) en gekweekte melanocytentransplantatie (CMT). Deze 

vanwege de geringe hoeveelheid benodigde donorhuid. Studies met cellulaire 
transplantaties rapporteren vaak uiteenlopende expansieratio’s die worden gebruikt 
voor de donorhuidoppervlakte ten opzichte van de acceptorhuidoppervlakte  (DR-

Het doel van hoofdstuk 5

tussen de getransplanteerde huid en normale omliggende huid. We hebben een 
systematische literatuursearch uitgevoerd in MEDLINE en EMBASE om klinische 
studies te beoordelen die de DR ratio’s en repigmentatie na cellulaire transplantaties 

cellulaire transplantatie voor vitiligo en piebaldisme werden gebruikt, variërend 

analyses van de studies met dezelfde DR ratio en repigmentatie indelingen, bleek 
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dan de helft van onze geïncludeerde studies vermeldde de kleurovereenkomst 

DR expansieratio’s leiden tot lagere repigmentatiegraad na NCST-behandeling. 

 
Tot op heden worden autologe weefseltransplantaties en cellulaire suspensie-
methoden veel gebruikt voor de behandeling van stabiele vitiligo en piebaldisme, 
maar deze huidige technieken hebben verschillende beperkingen wat betreft kosten, 
oppervlakte van de getransplanteerde huid, gebruiksgemak en repigmentatiegraad. 
Er is een evidente behoefte aan behandeling van grote oppervlakken met een 
eenvoudige, betrouwbare en effectieve transplantatietechniek. In hoofdstuk 
6A
met een nieuwe weefseltransplantatiemethode voor depigmentaties: de Meek 
micrografting-techniek. Deze weefseltransplantatiemethode werd voor het eerst 

met behulp van een kleefspray overgebracht op een voorgevouwen expandeerbaar 

laesies benadrukken, aangezien het een eenvoudige weefseltransplantatiemethode 
betreft die potentieel hoge DR expansieratio’s en hoge repigmentatie percentages 
kan bereiken.

techniek en hebben we de resultaten geëvalueerd in een case-series studie 
in hoofdstuk 6B. Het doel was om de resultaten van de Meek micrografting 

SAMENVATTING
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We analyseerden retrospectief alle vitiligo en piebaldisme patiënten die tussen 

techniek. Met behulp van beeldanalyse werd de repigmentatie 6 weken en 6 
maanden na behandeling berekend. Daarnaast werden patiënten gevraagd een 

expansieratio. Drieënzeventig procent van de behandelde laesies vertoonde een 

van de patiënten zou deze behandeling aan anderen aanbevelen. Bovendien gaven 

dat hun vitiligo veel minder tot niet meer zichtbaar was in de behandelde huid 

van deze studie waren de retrospectieve opzet en het gering aantal patiënten. 

om de repigmentatie met verschillende DR expansieratio’s nader te evalueren 

Samenvattend laat deze studie onze eerste ervaringen zien met de Meek-techniek 
voor de behandeling van depigmentaties. Het betreft een eenvoudige en veilige 
transplantatietechniek, die relatief hoge repigmentatie percentages en DR 
expansieratio’s kan bereiken.

Patiëntperspectieven op behandeling en resultaten
In een internationale e-Delphi-consensusstudie over vitiligo is repigmentatie 

succesvolle repigmentatie. Bovendien is er weinig bekend over welke mate van 

hoofdstuk 7
faciale en non-faciale laesies vanuit het perspectief van de patiënten te evalueren, 

voor Pigmentstoornissen van het Amsterdam Universitair Medisch Centrum 
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voor faciale en non-faciale laesies (op het lichaam). De totale respons op de 

hangen van de locatie van de laesies en van het huidtype.

Met de huidige vitiligo behandelingen worden vaak suboptimale klinische resul-
taten bereikt. Om deze resultaten te verbeteren worden verschillende nieuwe 

hoofdstuk 8 was om 
de mening van patiënten over de huidige behandelingen en hun behoefte naar 

te vullen over patiëntkenmerken, ziektelast, kwaliteit van leven, effectiviteit en 
tevredenheid over huidige behandelingen en aspecten met betrekking tot nieuwe 

onderzoek naar een nieuwe therapie. Negenenzestig procent zou instemmen met 

SAMENVATTING
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CHAPTER 10

ontevreden over de huidige behandelingen en emotioneel belast door de ziekte. 

is bereid deel te nemen aan klinische studies.

de huidige behandelresultaten en een beter begrip van de mening van patiënten 
over vitiligo-zorg is gegeven. Het bespreken van de behandelprognose per 

al is er een grote variatie in wat als een succesvolle behandeling wordt beschouwd. 
Onze aanbeveling voor de behandeling van actieve vitiligo komt overeen met de 

die correleren met repigmentatie, alhoewel deze veranderingen verder moeten 

vitiligo-onderzoek en -therapie.
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