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Vitiligo is an acquired depigmenting disorder. To date,
there is no predictive model for its response rate to
narrowband ultraviolet B (NBUVB) phototherapy. The
aim of this study was to investigate the different ty-
pes of response of patients with non-segmental viti-
ligo undergoing NBUVB 3 times a week. Many patients
who were previously considered non-responders were
given the opportunity to continue the treatment. Long-
term maintenance of treatment and follow-up of a
cohort of 579 patients enabled different subtypes of
response (very rapid, rapid, average, slow and “non-
responders”) to be described for the first time, and
a predictive model of response to be constructed ba-
sed on repigmentation rate in the first 48 sessions of
NBUVB. Among those patients who did not respond
during the first 48 sessions, a new subgroup of pa-
tients was found, termed “very-slow” responders, who
achieved a low, but significant, level of repigmentation
after 96 sessions of NBUVB.
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itiligo is the most frequent cause of acquired leuko-

derma, and results in significant psychological and
social difficulties for patients (1). Its prevalence varies
from 0.5% to 2% (2). According to the Vitiligo European
Task Force, the condition can be classified on clinical
grounds into 3 major forms: non-segmental vitiligo
(NSV), segmental vitiligo (SV) and mixed vitiligo (MV)
(3). NSV, which is the most common type, is characterized
by symmetrical and bilateral white patches or scattered
symmetrical macules, with a long period of evolution. SV
has a unilateral, band-shape distribution, with an early
age of onset and rapid stabilization (4). The term “mixed
vitiligo”, initially proposed by Mulekar et al. in 2006 (5),
has recently been included in the main classification (3).
MYV shows initial segmental involvement, but in a second
phase bilateral vitiligo patches usually follow (6). There
are a few types of vitiligo that do not fall into this clas-
sification. Follicular vitiligo, recently described, is a pri-
mary vitiligo of the hair, in which hair whitening precedes
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leukoderma (7). Mucosal vitiligo refers to the exclusive
involvement of oral or genital mucosa (8). Trichrome
vitiligo, first suggested by Fitzpatrick (9), is the presence
of vitiliginous patches with 3 colours; an achromic centre,
a hypochromic border and the unaffected skin (10). All
forms have in common progressive depigmentation of the
skin, hair or mucosa (4).

Narrow-band ultraviolet B(NBUVB) phototherapy for
vitiligo was first introduced in 1980, but the first specific
publication concerning its use in vitiligo was published
in 1997 (11); it is currently the treatment of choice for
widespread forms of vitiligo due to its proven superiority
to psoralen plus ultraviolet A (PUVA) and broadband
UVB in terms of clinical effectiveness (11), safety and
side-effect profiles (12—14). NBUVB has also been shown
to be effective and well tolerated in children (15-18). Its
mechanism of action includes immunomodulatory effects
(19) and activation of repigmentation by proliferation,
differentiation and migration of melanocyte precursors
in hair follicles (20).

There is a full body of evidence supporting the use-
fulness of NBUVB in treating vitiligo, both in paediatric
and adult populations. However, to date, there is no
predictive model for the rate of repigmentation. This
study of 579 patients constructs a new predictive model
for the management of patients with vitiligo undergoing
NBUVB treatment.

METHODS

This retrospective cohort study included consecutive patients
with SV and NSV diagnosed by physical examination, including
Wood’s light examination, who were treated with NBUVB pho-
totherapy at Clinica Alemana de Santiago, Santiago, Chile from
January 2006 until March 2015.

Exclusion criteria were: MV, history of untreated cancer, pri-
mary or secondary immunodeficiency, photodermatoses, positive
antinuclear antibodies, patients without complete photographic
records, and those with failure to follow-up (i.e. patients who
completed fewer than 24 sessions of phototherapy) and/or patients
who missed more than 4 weeks of phototherapy. The study was
approved by the IRB of Clinica Alemana de Santiago — Univer-
sidad del Desarrollo.

Phototherapy was performed according to Clinica Alemana
protocols, based on Morison’s formally proposed scheme (21) with
a variable dosage according to skin type (Table I). The Houva 4
Clinical Phototherapy System (National Biological, Ohio, USA),
equipped with 48 NBUVB lamps was used, with daily calibrations
performed by medical technologists. Patients underwent 3 sessions
per week. No topical medications were used.
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Table I. Initial, maximal and per-session increment in narrow-band
ultraviolet B (NBUVB) dose according to skin type

Skin Initial dose Per session increment Maximum dose
type mJ/cm? mJ/cm? mJ/cm?

I 130 15 520

11 200 25 880

III 260 40 1,040

v 330 45 1,320

\% 540 60 1,640

Clinical information was obtained from patient records. Total
body photographs were taken under standardized conditions using
a Canon EOS t3i camera (Tokyo, Japan); before phototherapy and
at 24,48, 72, 96 sessions according to clinical individual response.

Each patient received at least 24 phototherapy sessions (1 cycle).
More sessions were assigned according to clinical response and
sessions were continuous. The number of phototherapy cycles
completed by each patient depended on clinical response, medi-
cal prescription or treatment abandonment. Image records were
stored in a secure database using TakioN Cap 2.3.7.132 software
(CAS, Santiago, Chile). The extent and severity of depigmenta-
tion was calculated using the Vitiligo Area Scoring Index (VASI)
scale (22), as modified by Komen, which includes the head and
neck region (23).

To investigate the rate of repigmentation according to body site
involvement, the severity of vitiligo in each body segment was
studied by determining the area of repigmentation expressed as a
percentage, using the palm plus volar surface of digits as 1% of
total body surface area (24) and the degree of pigmentation in that
area, using the same chart as that used for VASI calculation (22).

VASI scores were obtained at baseline and every 24 sessions up
to 96 sessions. The repigmentation rate was also scored every 24
sessions, comparing baseline VASI with VASI at 24, 48, 72 or 96
sessions, respectively, and expressed as a percentage of change,
using the following equation:

Rate of repigmentation (velocity)

(VASI t -VASI't) . .
=———"0———2x100 (as a funtion of number of therapy sessions)
VASI t,

VASI t and VASI t represent VASI at baseline, and VASI after x
sessions, respectively. The rate of repigmentation is expressed in
terms of percentage improvement in 1 or more 24-session cycles.

Given current recommendations to assess phototherapy re-
sponse at 48 sessions (25), a rate of response and percentage of
repigmentation in the first 24 and 48 sessions was used to classify
patients as very rapid, rapid, average, slow responders, or non-
responders (Table II).

Differences in response were examined according to: age, sex,
disease duration, body segments involved and type of vitiligo.

Statistical analysis

To characterize the study sample, categorical variables are shown
as numbers and percentages of cases, and numerical variables are
shown as mean + standard deviation.

Student’s ¢-test and analysis of variance (ANOVA) for repeated
measures were used to compare treatment response according to

Table II1. Patient’s classification according to rate of repigmentation

Speed of

response 24 sessions* 48 sessions*

Very rapid >50% and/or = 75%

Rapid Between =25% and <50% and/or Between =50% and <75%
Average Between >10% and <25% and/or Between =25 and <50%
Slow Between =1 and <10% and/or Between >10 and <25%
Non-responder <1% and/or <10%
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Table III. Demographic characteristics of patients

Characteristics

Male, n (%) 293 (50.6)
Female, n (%) 286 (49.4)
Total, n (%) 579 (100)
Age, years, mean+SD (range) 33.2+14.9 (4-88)
Age 215 years, n (%) 509 (87.9)
Age <15 years, n (%) 70 (12.1)
Non-segmental vitiligo, n (%) 515 (88.9)
Segmental vitiligo, n (%) 64 (11.1)
Skin type, n (%)

I 19 (3.3)

II 272 (47.0)

II1 232 (40.0)

v 55 (9.5)

\ 1(0.2)

Months from vitiligo diagnosis, mean+SD (range)
VASI score, mean+SD (range)
Affected body segment, n (%)

8.66+9.58 (0-49)
5.01+8.75 (0.01-85.5)

Face 457 (78.9)
Neck 243 (42)

Trunk 331 (57.2)
Superior limbs 366 (63.2)
Inferior limbs 309 (53. 4)
Hands 317 (54.7)
Feet 203 (35.1)

SD: standard deviation; VASI: Vitiligo Area Scoring Index.

body segment, type of vitiligo and time from diagnosis. Pearson’s
correlation coefficient was used to correlate numerical variables.

A predictive model was developed using simple linear regression
models. The slope of time vs. repigmentation gave the speed of
response for each patient for periods between 24 or 48 sessions.
Cut-off points were defined according to its maximum predictive
power. A kappa index was used to evaluate correlation between
initial speed of response and final treatment result.

A p-value <0.05 was considered statistically significant. All
analyses were performed using SAS 9.3 (SAS Institute Inc., USA).

RESULTS

The demographic characteristics of the 579 patient cohort
are listed in Table I11. Global improvement of all patients
after treatment was 42.9 +26.5%; 67 (11.6%) improved
more than 75%, 335 (57.9%) between 25% and 75%, and
177 (30.5%) improved less than 25%. Mean improvement
at 24 sessions was 21.5% (579 patients), 33.3% at 48 ses-
sions (402 patients), 45.7% at 72 sessions (270 patients)
and 56.1% at 96 sessions (182 patients).

Table IV. Mean response according to number of sessions and
rate of response

Patients
n (%) Mean+ SD
Global response 579 (100) 42.9+26.5
Rate of response
Very rapid 76 (13.1) 74.9+16.8
Rapid 116 (20.0) 56.4+21.6
Average 216 (37.4) 40.6+20.8
Slow 139 (24.0) 24.4+17.9
Non-responder 32 (5.5) 12.4+23.9
Number of sessions
24 579 (100) 21.5+19.7
48 402 (69.4) 33.3+21.2
72 270 (46.6) 45.7+22.1
96 182 (31.4) 56.1+22.1

*Best individual response is used for final classification.

SD: standard deviation.
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Table V. Type of rate of response and global response according to body segment involvement

Face Neck Trunk Superior limbs Inferior limbs Hands Feet

NSV SV NSV SV NSV SV NSV SV NSV SV NSV SV NSV SV

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Very rapid 60 (37.0) 4 (2.5) 19 (11.7) 1(0.6) 25 (15.4) 0(0.0) 19 (11.7) 0(0.0) 18(11.1) 0(0.0) 14(8.6) 0(0.0) 2(1.2) 0(0.0)
Rapid 90 (20.8) 4(0.9) 44 (10.2) 2(0.5) 68(15.7) 0(0.0) 74(17.1) 0(0.0) 61 (14.1) 0(0.0) 54(12.5) 0(0.0) 35(8.1) 0(0.0)
Average 167 (17.1) 7(0.7) 104 (10.6) 1(0.1) 146 (14.9) 3(0.3) 169 (17.3) 1(0.1) 138 (14.1) 3(0.3) 145(14.8) 0(0.0) 95(9.7) 0 (0.0)
Slow 83 (14.4) 20(3.5) 54(9.4) 7(1.2) 75(13.0) 5(0.9) 92(15.9) 2(0.3) 79(13.7) 2(0.3) 92(15.9) 0(0.0) 64 (11.1) 2(0.3)
Non-
responder 7(9.2) 15(19.7) 3(3.9) 8 (10.5) 8 (10.5) 1(1.3) 8 (10.5) 1(1.3) 6(7.9) 2(2.6) 11(14.5) 1(1.3) 4 (5.3) 1(1.3)
Global

response 407 (70.2) 50 (8.6) 224 (38.6) 19(3.7) 322(55.6) 9 (1.5)

362 (62.5) 4(0.7) 302(52.1) 7(1.2) 316 (54.5) 1(0.2) 200 (34.5) 3(0.5)

NSV: non-segmental vitiligo; SV: segmental vitiligo.

The mean response according to rate of response and
number of sessions is shown in Table I'V. A global and
a specific rate of response considering the body site of
vitiligo is shown in Table V.

Responses according to body site at different numbers
of sessions (4 cycles of 24 sessions each) are shown in
Fig. 1. Maximum final repigmentation responses were
observed in the face (75%), trunk (64.89%) and superior
limbs (61.81%). Unfavourable responses were seen in the
feet (10.95%) and hands (14.88%). A significantly better
response was found in NSV compared with SV (Fig. 2),
with a repigmentation percentage of 57% vs. 43% at 96
sessions, respectively (p=0.0006), these responses were
achieved by different rate of response, with NSV being
more rapid to respond.

Based on the age of patients, significant differences in
repigmentation response were found only in the trunk.
Patients under 15 years of age had a 79.86% repigmenta-
tion, whereas patients aged 15 years or older had a 64.71%
repigmentation (p=0.006). No significant differences
were attributable to sex (p=0.56) or skin type (p=0.39).

An inverse correlation (r=—0.15) was found between
time from diagnosis and repigmentation percentage at 24
sessions (p=0.0009), meaning that a shorter time from
diagnosis was related to higher repigmentation percentage
at 24 sessions. This correlation was not significant from
48 sessions onwards. However, when NSV and SV were
analysed separately, there was no difference in SV at any
cycle (p>0.23), while NSV shows significant differences
at 24,48, 72 and 96 sessions (p<0.008). These differences
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Fig. 1. Repigmentation rate according to body segment. Significant
differences are observed in face, hands and feet (p <0.0001).
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were found between patients whose vitiligo was diagno-
sed more than one year prior to initiation of treatment
compared with those whose treatment was started within
one year of diagnosis.

The repigmentation percentage achieved by the dif-
ferent response groups at each cycle was plotted. The
slope of the curve is the rate of response (Fig. 3). At 96
sessions very rapid responders achieved 88% repigmenta-
tion, rapid responders 74.8%, average responders 58.4%,
slow responders 38.8% and non-responders 35.2%. There
were significant differences in repigmentation response
between these groups during the whole length of treat-
ment (p<0.0001). When longitudinal behaviour in each
of these groups was analysed, no significant differences
were found in the rate of repigmentation in the very rapid
responders between sessions 72 and 96 (p>0.05), or in
non-responders when comparing rate of repigmentation
between 24 and 48 sessions. All other comparisons were
significantly different (» <0.05).

Fig. 4 shows the predictive model of repigmentation
response for up to 96 sessions. The final response can be
estimated according to initial repigmentation rate in the
first 48 sessions. There was substantial agreement, with
a weighted kappa index of 0.7.

DISCUSSION

This 579 patient-cohort study is the largest single-insti-
tution study sample of patients with vitiligo treated with
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Fig. 2. Repigmentation rate according to type of vitiligo. Significant
differences are observed at 96 sessions (p =0.0006) between non-segmental
and segmental vitiligo.
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Fig. 3. Different groups are depicted according to rate of
repigmentation. In very rapid responders no significant repigmentation
difference is seen between 72 and 96 sessions (p>0.05), while in slow
and non-responder groups the ability to repigment is conserved until later
periods of treatment.

NBUVB to date. The male/female ratio is 1.02:1 and
the type of vitiligo is 88.9% NSV and 11.1% SV. The
statistical findings are in accordance with those found in
existing literature. The global repigmentation response
was 44.41% in NSV and 31.64% in SV. Good response
was found in the face, neck, trunk and superior limbs,
and poor response in the hands and feet (Fig. 1), which
is consistent with the results of previous studies (8, 15,
18, 22, 26-30).

Age was an important factor; patients under 15 years
old with NSV on the trunk (the most frequent vitiligo
location in children) responded significantly better than
adults (p=0.006).

In our phototherapy protocol, each patient received
from 24 (1 cycle) to 96 sessions (4 cycles) of NBUVB
according to clinical response, recorded using sequential
body photographs and VASI score. Only 8.1% of patients
were lost to follow-up; a percentage that is considered to
be very small, as it has been proven that losses smaller
than 20% are irrelevant even if they are “not-random”
(31). This study of a large number of patients following
a long phototherapy protocol of NBUVB treatment has
allowed us to build-up a predictive model of repigmenta-
tion response using the variable rate of response of the
patients (Fig. 4).

Previous studies have demonstrated the “repigmentation
potential” according to body site, treatment duration, type
of vitiligo and ultraviolet used (NBUVB/PUVA) (27, 30,
32-34), but the repigmentation rate related to the number
of sessions has not been described previously. Herein, we
scored the repigmentation response at 24, 48, 72, 96 ses-
sions and the slope of the curve for different subgroups
according to rate of response allowed us to build a pre-
dictive model of response. According to this model, the
long-term response of a single patient can be predicted by
tracking his or her response at the 24 and 48 sessions of
therapy, using their best position on the predictive model
chart (Fig. 4).

At one extreme of the predictive model is the “very
rapid responder” group, representing 13.1% of the cohort
study and composed primarily of patients with NSV.
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Fig. 4. Predictive model to estimate the final repigmentation response
to narrow-band ultraviolet B phototherapy treatment according to
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The NSV “very rapid responders” have preferential
involvement of well responding areas, such as the face,
neck and trunk (Table V). This subgroup of patients has
an extremely high percentage of repigmentation in the first
48 sessions (77.3%) with 9.3% of improvement between
48-72 sessions and only 1.7% repigmentation between 72
and 96 sessions. Unexpectedly, 4 SV patients behaved as
very rapid responders. They had a small area of vitiligo
on the face, were under 25 years of age, and less than 9
months from diagnosis.

The “average responders” (the largest group) represents
37.4% of the cohort and is composed of 205 NSV and 11
SV patients. This group shows a progressively lower rate
of response, with 31.7% of improvement in the first 48
sessions, 15.9% between 48 and 72 sessions, and 10.8%
between 72 and 96 sessions. They differ from very rapid
responders because, after 48 sessions, these patients
still repigmented significantly (26.7%); thus in order to
achieve the good response at 48 sessions shown by the
very rapid responders, the average responders needed a
longer treatment time.

At the other extreme of the predictive model is the
“non-responder” group; 5.5% of the cohort (32 patients),
composed of 20 females and 12 males, 14 NSV and 18
SV, and an mean age of 38 years (range 5-60 years). They
were recently diagnosed (mean 6.15 months) and had a
more localized disease. In this group hand involvement is
more frequent (37.5%) than in the general cohort (34.5%).
These patients show only 2.7% of repigmentation in the
first 48 sessions, but unexpectedly they can still improve
very slowly after 48 sessions. This group can still achieve
an mean of 35.2% repigmentation at 96 sessions (Fig. 3),
which falls under “moderate repigmentation” as proposed
by Njoo etal. (35), and could have been considered as non-
responders by other authors in previous reports (36, 37)
that considered only the first 48 sessions of phototherapy
for determining responsiveness to NBUVB phototherapy.
One patient in this “non-responder group” had a response
after 48 sessions comparable to that of average responders,
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2 patients a response comparable to a rapid responder, and
1 patient a response comparable to a very rapid responder.
According to these data, the “non-responder” group
cannot be evaluated using only 48 sessions. With our new
data, a real “non-responder” has to be moved toward a re-
sponse of 10% or less of repigmentation after 96 sessions.
Amongst the limitations of this study are that it is based
on a single centre and that we did not include an assess-
ment of patient satisfaction. However, we regard the de-
gree of repigmentation as a good proxy of this latter point.
In conclusion, this cohort study found many different
rates of response. The term “non-responder”, as described
previously, must be redefined based on these new findings.
The long follow-up of a large number of patients in this
study enabled a predictive model of response to be con-
structed for the first time. This will be a valuable tool for
dermatologists recommending NBUVB phototherapy.
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