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Abstract

Background: The phenomenon of photoadaptation to nar-
row-band ultraviolet B (NB-UVB) radiation has been previ-
ously described in vitiligo and has usually been clinically
measured by the assessment of the minimal erythema dose
(MED) after phototesting. Objectives: To assess the photo-
adaptive response in vitiligo and healthy skin after NB-UVB
phototherapy not only clinically, but also by spectropho-
tometry. Materials and Metheds: Fourteen patients affect-
ed by generalized vitiligo underwent NB-UVB phototherapy
twice weekly for 12 weeks. Before and after phototherapy, a
phototesting procedure was administered on vitiligo patch-
es and adjacent healthy skin with a solar simulated radiation
(SSR). Visual assessment of the MED took place after 24 h. A
spectrophotometer was used to assess the a* value and the
melanin index (MI*), as signs of skin erythema and pigmenta-
tion. The photoadaptation factor (MED-PF) and the a* pho-
toadaptation factor (a*-PF) were calculated. Resu/ts: After
NB-UVB phototherapy, both vitiligo and healthy skin showed

an increase in MED and MI* values and a reduction of skin
erythema compared to baseline (p < 0.05). MED-PF data
showed a photoadaptation in 10 (71.4%) vitiligo lesions and
in 12 (85.7%) healthy skin areas. The assessment of the a*-PF
showed a negative mean percentage value in all affected
and unaffected skin areas. Conclusions: A short cycle of NB-
UVB phototherapy caninduce photoadaptationin vitiligo by
increasing the MED and reducing skin erythema after stimu-
lation with SSR. This is most likely due to the physical filter
function induced by ultraviolet radiation.

© 2019 5, Karger AG, Basel

Introduction

Vitiligo is the most frequent acquired pigmentary dis-
ease affecting approximately 1-3% of the general popula-
tion [1].

The aetiopathogenesis of vitiligo is complex: genetic,
inflammatory and immunological factors participate in
the loss of function and destruction of skin melanocytes.
Nevertheless, the specific contribution of each feature
and the initial inducing factor should be still clarified [2,
3].
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Fig. 1. Flowchart of Matérials and Methods.

Therapeutic strategies for vitiligo include topical or
systemic immunomodulant therapies whose aim it is to
induce a partial or total pigmentation through melano-
cyte reactivation and melanin production.

Among systemic options, narrow-band ultraviolet B
(NB-UVB) phototherapy has shown similar efficacy to
oral photochemotherapy (PUVA) with a lower risk of ad-
verse events [4); it represents the first-line treatment in
non-segmental vitiligo [5].

However, during the first few weeks of phototherapy,
it is difficult to detect a clinical response corresponding
to an effective repigmentation of vitiligo lesions whereas
a possible increase in pigmentation of healthy skin usu-
ally appears. Furthermore, a previous retrospective study
showed that some patients with vitiligo treated with NB-
UVB did not develop phototoxicity in their depigmented
skin despite increasing doses of UV radiation (UVR) [6].
Moreover, these patients underwent the phenomenon of
photoadaptation or tolerance to NB-UVB radiation
without repigmentation, a phenomenon frequently ob-
served clinically during the course of phototherapy. Pho-
toadaptation has usually been clinically measured by the
assessment of the minimal erythema dose (MED) after
phototesting with different UV wavebands [7], while
only one work described the quantitative photoadaptive
response to ultraviolet exposure in human skin using ul-
traviolet spectrophotometry [8]. Therefore, we designed
a study with the purpose of measuring photoadaptation
to a short cycle of NB-UVB phototherapy in vitiligo and
healthy skin. The aim of our study was to evaluate spec-
trophotometric and clinical early modifications occur-

510 Dermatology 2019;235:509-515

DOI: 10.1159/000502853

ring after irradiation and to highlight possible subclinical
parameters of therapeutic response to NB-UVB photo-
therapy.

Materials and Methods

For further details, see the online supplementary material (see
www.karger.com/doi/10.1159/000502853 for all online suppl. ma-
terial) (Fig. 1) [9-14].

Results

Fourteen patients (2 males and 12 females; mean age:
43 years; range: 25~66), affected by generalized vitiligo at
baseline were enrolled in this study. Five (35.7%) patients
presented skin photoype II, 7 (50%) patients photoype I1I
and 2 (14.3%) patients phototype V. Seven patients had a
concomitant diagnosis of auto-immune hypothyroidism,
and 3 patients reported a positive family history for vit-
iligo.

NB-UVB phototherapy was performed in all patients
twice weekly for 12 weeks. The mean session number was
21.5 (range: 14-26), and the mean cumulative dose was
10.4 J/em? (range: 5.3-13.75).

Clinical and Spectrophotometric Evaluation at

Baseline (T0)

The Kolmogorov-Smirnov test showed the absence of
any normal distribution of data (p < 0.05).
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Fig. 2. Clinical assessment of minimal ery-
thema dose (MED) at baseline in healthy
skin (a) and vitiligo (b) and after NB-UVB
phototherapy (c).

Table 1. Results (medians; minimum-maximum) of clinical and spectrophotometric evaluation in lesional and unaffected skin before

and after NB-UVB phototherapy

Vitiligo TO Healthy skin TO Vitiligo T1 Healthy skin T1
MED 0.051 0.064 0.064 0.078
(0.025-0.078) (0.032-0.098) (0.04-0.078)" (0.064-0.122)¢
a* value 9.04 7.535 6.67 5.21
(5.24-16.86) (4.31-12.06) (3.66-12.02)" (3.19-9.28)
MI* 0.75 1.376 0.77 1.622
(0.28-1.39) (0.77-1.802)° (0.29-1.98)° (0.98-1.99)"

MED, minimal erythema dose; MI*, melanin index. * p < 0.05 versus healthy skin at baseline; ® p < 0.05 versus vitiligo at baseline;

¢ p<0.05 versus vitiligo at T1.

At baseline, vitiligo lesions showed lower MED values
and higher a* values compared to healthy skin without
reaching a statistical significance (p = 0.078; p = 0.082)
(Fig. 2a, b). Conversely, the melanin index (MI*) in af-
fected skin areas was statistically significantly lower than
in healthy skin (2 < 0.0002). (Table 1).

No correlation was found between MED values at
baseline and phototype, both in vitiligo (» = 0.153) and
healthy skin (» = 0.601), although a positive trend of rela-
tion was seen (& = 0.438 and 0.153).

Clinical and Spectrophotometric Evaluation after

NB-UVB (T1)

After NB-UVB phototherapy, both vitiligo and healthy
skin showed an increase in MED and MI* values and a
reduction of skin erythema compared to baseline results
(p<0.05) (Table 1, Fig. 2¢).

Photoadaptation in Vitiligo after
NB-UVB Phototherapy

The comparison of clinical and spectrophotometric
data in vitiligo lesions compared to unaffected skin con-
firmed lower MED and MI* values in vitiligo after pho-
totherapy (p = 0.001; p < 0.0002). a* values remained
higher in affected skin without reaching a statistical sig-
nificance (p = 0.136).

The Kruskal-Wallis test, used to evaluate clinical and
spectrophotometric feature variation after treatment, ac-
cording to skin phototype, did not show any statistically
significant result (» = 0.571). Linear regression revealed
that disease duration (expressed in years) did not affect
clinical or colorimetric results in vitiligo after photother-
apy (Y = X x 0.000 + 0.064).

MED photoadaptation factor (MED-PF) data showed
a photoadaptation in 10 (71.4%) vitiligo lesions and in 12
(85.7%) healthy skin areas (Fig. 3a). The assessment of the
a* photoadaptation factor (a*-PF) showed a negative
mean percentage value in all affected and unaffected skin
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Fig. 4. Correlation between baseline minimal erythema dose (MED) and photoadaptation factors (PF) in vitiligo
(b, d) and unaffected skin (a, c).

areas (Fig. 3b). Photoadaptation or percentage change in  -0.837) and healthy skin (»=0.009; R=-0.011) (Fig. 4a,
MED and a* was not statistically different between viti- b) while a positive correlation was seen if analysing
liginous and normal skin (p = 0.52 and 0.42). baseline MED and a*-PF, in affected (p = 0.28; R =

A negative significant correlation between baseline 0.0311) and unaffected skin (» = 0.007; R = 0.623)
MED was seen and MED-PF both in vitiligo (= 0; R=  (Fig. 4c, d).
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If comparing skin phototype to MED-PF in vitiligo
and healthy skin, a negative correlation was seen without
reaching a statistical significance (p = 0.886 and 0.73; R =
-0.042 and -0.043). The same results were found when
correlating a*-PF to skin phototype in vitiligo (p = 0.84;
R =0.056) and healthy skin (» = 0.133; R = 0.422) but a
positive trend of correlation was seen.

Discussion/Conclusion

NB-UVB phototherapy is the preferred therapy for ac-
tive and generalized vitiligo which has shown higher ef-
ficacy rates compared to other treatment modalities such
as photochemotherapy (PUVA) [5, 15, 16].

Within the first 3 months, approximately 80% of sub-
jects show a response to therapy. However, the period of
treatment necessary to obtain a complete repigmentation
is generally longer: 60% of patients require at least 1 year
of phototherapy for a repigmentation of at least 50% of
skin lesions, while a 3-month therapy results in moderate
responses (up to 25% of repigmentation) [17]. Photoad-
aptation has been previously described in vitiligo and
psoriasis (7, 18, 19]. It was first defined by Oh et al. [20]
as adaptive and diminished skin responses to equivalent
doses of radiation. Thus, subsequent equivalent UVR
doses do not have the same effect on the skin as the first
dose. Photoadaptation has been described in different
Fitzpatrick skin phototypes and is thought to be due to
both pigmentary and non-pigmentary influences [19,
21]. Studies have indicated that principal mechanisms in-
volved include hyperkeratosis, acanthosis, melanogenesis
as well as an unknown factor yet to be identified which
may be due to vascular reactivity, DNA repair or an im-
mune-related process [8, 21-25]. A study from Hexsel et
al. [18] analysed cyclobutene pyrimidine dimer produc-
tion and repair in vitiligo and healthy skin after NB-UVB
exposure showing that more cyclobutene pyrimidine di-
mers are repaired in photoadapting vitiligo lesions. Inter-
estingly, the same work reported a photoadaptation also
in non-exposed healthy skin but not in non-treated vit-
iligo lesions, suggesting a kind of systemic effect of pig-
mentation.

Photoadaptation has been usually assessed clinically
on the basis of MED changes after UV exposure [7, 18, 21,
26]. However, clinical inspection alone may be inade-
quate as it is limited by interrater reliability and by the
impossibility of identifying variations not visible to the
naked eye. So, objective and comparable instrumental
tools are needed.

Photoadaptation in Vitiligo after
NB-UVB Phototherapy

In the present study we performed a spectrophotom-
eter evaluation to highlight skin colour changes after NB-
UVB phototherapy both in vitiligo and unaffected sur-
rounding skin, by analysing two main parameters such as
erythema (a *) and melanin index (MI*), and we consid-
ered the first as an additional sign of photoadaptation in
addition to MED assessment.

The spectrophotometer is an instrument capable of
making objective measurements of a visible light spec-
trum reflected by an object under examination, analysing
chromatic and shape parameters of the light frequency
band. In dermatology, it is used to acquire quantitative
and specific data on the chromatic components of the
skin, in basal and experimental conditions, which are
mostly clinically undetectable [27].

In our series, clinical evaluation of MED highlighted
increased values after phototherapy in both affected and
healthy skin even if vitiligo patches preserved lower MED
values as baseline. These results were supported by the
spectrophotometric evaluation of baseline MED skin area
which showed a reduction of a* values both in vitiligo and
healthy skin.

MI* evaluation revealed much lower pigmentation
values in vitiligo skin at baseline and after phototherapy,
in line with the absence of melanin pigment typical of vit-
iligo. MI* values were increased by NB-UVB not only in
healthy skin areas, but also in non-pigmented vitiligo ar-
eas, even though reaching lower values in the latter.

Clinical evaluation of our patients showed positive
MED-PF results in only 10 (71.4%) vitiligo lesions and in
12 (85.7%) healthy skin areas. Interestingly, the assess-
ment of the a*-PF showed a negative mean percentage
value in all affected and unaffected skin areas, confirming
a greater sensitivity of the instrumental evaluation of skin
photoadaptation to NB-UVB.

These results show how a short cycle of phototherapy
is not concretely able to induce a clinically evident repig-
mentation in vitiligo, but it can still exert a beneficial ef-
fect of photoadaptation demonstrated by the increase in
the MED and reduction of the skin erythema after stimu-
lation with solar simulated radiation. Reduction of a* val-
ues in pathological and healthy skin is most likely due to
the physical filter function of the increased thickness of
the stratum corneum induced by UVR.

Interestingly, we noted how subjects with lower MED
values at baseline showed higher rates of photoadaptation
in terms of MED-PF and a*-PF. These results suggest a
sort of functional reserve of photoadaptation typical of
subjects with reduced MED values, and that is common
to healthy and vitiligo skin.
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Moreover, we reported an MI* increase in vitiligo after
phototherapy without a clinically visible repigmentation.
We can conceive that this result is obviously not due to a
melanin augmentation but to an increment and retention
of oxidized protein substances in keratinocytes which are
able to absorb in the same spectral range of melanin in the
sensitivity range of the spectrophotometer (400-700 nm).

This seems to contribute to the photoadaptation pro-
cess in vitiligo mediated by short-term NB-UVB expo-
sure, and it may have a protective effect both against the
risk of sunburns and the risk of UV-induced carcinogen-
esis,

However, in our series, photoadaptation or percentage
change in MED and a* values was not statistically differ-
ent between vitiliginous and normal skin. This result can
be explained by the fact that physiological processes in-
volved in skin photoadaptation to UVR do not differ in
normal or pathological skin.

To the best of our knowledge, this is the first work in
which photoadaptation of vitiligo has been demonstrated
by clinical and spectrophotometric evaluation. We do
think that a better knowledge in vitiligo photoadaptation
may be useful in constructing phototherapy dosing sched-
ules. Awareness of the early effects of NB-UVB in vitiligo
lesions would avoid the use of under- or overlabelled pro-
tocols, increasing the probability of lesion repigmenta-
tion and minimizing episodes of burning. Finally, an op-
timized phototherapy dosing would decrease the number
of patients’ hospital accesses and costs.
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