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Abstract

Background Facial repigmentation is the primary outcome measure for most vitiligo trials. The Facial Vitiligo Area Scoring Index (F-VASI)
score is often chosen as the primary outcome measure to assess the efficacy of treatments for facial vitiligo. Although useful, this scoring
system remains subjective and has several limitations.

Objectives To assess the agreement and reliability of an algorithmic method to measure the percentage depigmentation of vitiligo on the
face.

Methods We developed a dedicated algorithm called Vitil-IA® to assess depigmentation on standardized facial ultraviolet (UV) pictures.
We then conducted a cross-sectional study using the framework of the ERASE trial (NCT04843059) in 22 consecutive patients attending a
tertiary care centre for vitiligo. Depigmentation was analysed before any treatment and, for 7 of them, after 3 and 6 months of narrowband
UVB treatment combined with 16 mg methylprednisolone, both used twice weekly. Interoperator and interacquisition repeatability measures
were assessed for the algorithm. The results of the algorithmic measurement were then compared with the F-VASI and the percentage of
depigmented skin scores assessed by 13 raters, including 7 experts in the grading of vitiligo lesions.

Results Thirty-one sets of pictures were analysed with the algorithmic method. Internal validation showed excellent reproducibility, with a
variation of <3%. The percentage of depigmentation assessed by the system showed high agreement with the percentage of depigmenta-
tion assessed by raters [mean error (ME) —11.94 and mean absolute error (MAE) 12.71 for the nonexpert group; ME 0.43 and MAE 5.57 for
the expert group]. The intraclass correlation coefficient (ICC) for F-VASI was 0.45 [95% confidence interval (Cl) 0.29-0.62] and 0.52 (95%
Cl 0.37-0.68) for nonexperts and experts, respectively. When the results were analysed separately for homogeneous and heterogeneous
depigmentation, the ICC for homogeneous depigmentation was 0.47 (95% CI 0.31-0.77) and 0.85 (95% CI 0.72-0.94) for nonexperts and
experts, respectively. When grading heterogeneous depigmentation, the ICC was 0.19 (95% CIl 0.05-0.43) and 0.38 (95% CI 0.20-0.62) for
nonexperts and experts, respectively.

Conclusions We demonstrated that the Vitil-IA algorithm provides a reliable assessment of facial involvement in vitiligo. The study under-
lines the limitations of the F-VASI score when performed by nonexperts for homogeneous vitiligo depigmentation, and in all raters when
depigmentation is heterogeneous.

Accepted: 17 August 2023
© The Author(s) 2023. Published by Oxford University Press on behalf of British Association of Dermatologists. All rights reserved. For permissions,
please e-mail: journals.permissions@oup.com

€202 4990100 z| uo payined uyor Ag €166+2.L/70€Pell/pla/e601 01/10p/3o1ue-80ueApe/plq/wod-dnooiwapede//:sdly Wwolj papeojumoq


https://orcid.org/0000-0003-0348-0815
https://orcid.org/0000-0002-2481-0556
https://orcid.org/0000-0002-0797-6570
mailto:passeron@unice.fr

2 Reliability and agreement testing of an automated measurement method for facial vitiligo, Q. Marin Dit Bertoud et al.

What is already known about this topic?

vitiligo on the face.

e The Facial Vitiligo Area Scoring Index (F-VASI) score is the primary outcome measure used to assess the efficacy of treatments for

e Although useful, the F-VASI remains subjective and has several limitations.
e Automatic digital analysis systems that provide an accurate and reliable measurement of facial depigmentation are not yet available.

What does this study add?

mentation on the face.
agement.

in clinical trials.

e Using standardized ultraviolet pictures of patients with vitiligo, we developed a dedicated algorithm to assess the extent of depig-
e The algorithm showed excellent reproducibility and high agreement with the assessments by raters with expertise in vitiligo man-

e The evaluation of F-VASI by nonexpert raters showed significant variation that may introduce bias into the evaluation of treatments

What are the clinical implications of this work?

tation and in all raters when depigmentation is heterogenous.

e Significant variations in the evaluation of F-VASI score are shown when performed by nonexperts for homogenous vitiligo depigmen-

e Such variations may induce bias in the evaluation of treatments in clinical trials.
e The use of a dedicated algorithm should be considered in future clinical trials.

Vitiligo is an acquired depigmentation of the skin due to
melanocytic loss; it has a prevalence of 0.5-2%."? Long
considered to be a benign condition, there is now clear evi-
dence demonstrating that vitiligo can profoundly affect the
quality of life (QoL) of affected individuals and their fam-
ilies.?-5 Several factors modulate the impact of vitiligo on
Qol, including the involvement of visible areas, particularly
the face.® Furthermore, in a recent study using workshops
to assess patient preferences for evaluating treatment suc-
cess, it has been shown that the face is one of the most
important areas to be assessed for this outcome.” Several
new therapeutic approaches are being developed for vitiligo.®
The most advanced treatments are Janus kinase (JAK) inhib-
itors (JAKI), with several phase Il studies ongoing with oral
JAKi (NCT03715829, NCT04927975 and NCT04818346)
and phase llI studies of topical ruxolitinio completed.®
Importantly, many of these trials use repigmentation of the
face as the primary endpoint for assessing efficacy of treat-
ment. In a recent international study that reported the results
from several workshops in which patients assessed the
improvement of target lesion(s), it was recommended that
future randomized controlled trials in vitiligo should select
patches on visible areas (face, neck or hands) as the main
outcome for treatment success.’” Furthermore, in a study
evaluating patient preferences for repigmentation, the face
was deemed to be the most important area to repigment.®

Several scores have been developed to assess the extent
of vitiligo. The two most frequently used are the Vitiligo
Area Scoring Index (VASI)'® and the Vitiligo Extent Score
(VES)." To assess depigmentation of the face specifically,
the facial (F)-VASI score has been developed and is often
chosen as the primary outcome measure to assess the effi-
cacy of treatments for vitiligo on the face.’? Although use-
ful, this scoring system remains subjective and has several

limitations, including difficulty in matching the fingertip,
finger and hand size of the rater to the patient; difficulty
in assessing some areas of the face, such as the medial
part of the eyelids; difficulty in measuring very small areas
of depigmentation; and evaluation of pigment that is heter-
ogenous in appearance, particularly after treatment. These
limitations can lead to inter-rater variation, reducing the reli-
ability of the F-VASI. Automated methods to assess the per-
centage of depigmented areas on the face have the potential
of being more precise, reliable and reproducible, and three
approaches have been reported. Tracing vitiligo borders on
transparent sheets followed by digital analysis is the most
reliable method so far, but it has several limitations: it is
time consuming and better suited for the evaluation of tar-
get lesions; complex patterns are difficult to capture; curved
surfaces are difficult to assess; and the technique still relies
on human intervention to trace the borders. More recently,
techniques based on two- and three-dimensional images
have been reported, but they all lack consistency and require
human intervention to define or refine the margins, or adjust
the sensitivity of the program to capture vitiligo lesions. A
recent systematic review concluded that a validated, fully
automatic digital analysis system is not yet available, and
underlined many weaknesses in the currently available
methods."® We hypothesized that a new automated algo-
rithm called Vitil-IA® is a repeatable and reliable method that
adjusts to operator and acquisition variations and generates
the percentage of depigmentation of the face in agreement
with the F-VASI reference method.

The objective of this study was to assess the agreement
and reliability of the Vitil-IA algorithm to measure the per-
centage of depigmentation on the face in patients with viti-
ligo and to compare them to clinical evaluation using F-VASI
and percentage repigmentation performed by trained raters.
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Patients and methods

We carried out a cross-sectional study conducted as part
of the ERASE trial (NCT04843059). The study used pho-
tographs of patients before and after treatment who were
attending the Department of Dermatology at CHU Nice,
France — a tertiary specialty centre for vitiligo.

Study population and sample

Twenty-two patients in ERASE presenting with facial vitiligo
were included in this nested study. Patients received nar-
rowband ultraviolet B (NB-UVB) treatment combined with
methylprednisolone 16 mg as part of a twice-weekly regi-
men. Depigmentation was analysed before any treatment,
and for seven patients, after 3 and 6 months of treatment
(Table S1; see Supporting Information).

Raters

Depigmentation surface and F-VASI were evaluated with
photographs by 13 raters divided into two groups. The first
group was composed of six dermatologists considered to
be nonexperts in vitiligo. All were trained to assess depig-
mentation and in using the F-VASI. The second group con-
tained seven international dermatologists, all with expertise
in vitiligo. Each photograph was evaluated by every rater
independently and in a blinded manner.

Development of the automated measurement
method

Full-face photographs were taken at each visit with the
ColorFace® acquisition system (Newtone Technologies,
Lyon, France), an image-capturing device coupled with an
ultraviolet (UV) acquisition modality to assist in capturing
lesions in all skin types.

Description of the ColorFace acquisition system

In brief, patients wore identical black hairbands and black
capes to cover features that might distract from perform-
ing the facial assessments correctly [e.g. scalp hair, chest
and clothing; Figure S1 (see Supporting Information)]. Using
the ColorFace system, patients’ faces were imaged with
frontal and side views, with their eyes closed and with a
neutral facial expression. The ColorFace has a filter wheel
and different light-emitting diodes allowing for the acquisi-
tion of standardized images in several modalities, including
cross-polarized and UV imaging (Figure 1).

Development of the dedicated algorithm Vitil-IA

To assess depigmentation of facial vitiligo, the face was
divided into several subareas. Four areas were evaluated in
the frontal images (forehead, periorbital, upper perioral and
lower perioral) and three areas in each side image (malar,
mandibular and nasal). All areas were defined to avoid
overlap between regions. Finally, lips and eyebrows were
excluded from the evaluation (Figure S2; see Supporting
Information).

The areas were defined on an average face and were
applied to images of each patient in an automated man-
ner. The borders of each area were defined using specific
morphological points on the face that were automatically
detected. Following this we performed a quality-control
assessment on the measured areas. In each area, a trained
operator defined two areas representative of normal skin and
depigmented skin, using a marker to initialize the algorithm.
Firstly, a preprocessing software algorithm was applied to
highlight vitiligo lesions. Secondly, a classification algorithm
using the previously described markers was used to seg-
ment most of the vitiligo lesions. Finally, a postprocessing
enhancement was applied to improve the final segmenta-
tion. This entire process was then carried out on each area
independently, to adapt to possible morphological and skin
disparities, such as beards, shadow areas or heterogenous
areas of vitiligo. A new quality control was then performed to
visualize the result of the segmentation and a potential final
version was produced (Figure 2). Once the segmentations
were done, the surface of vitiligo, defined as the number of
pixels in the segmentation, was computed. The percentage
of depigmentation was defined as the total surface of vitiligo
divided by the total surface of area of analysis, with all views
combined. Figure 3 shows an example of segmentation and
corresponding percentage of depigmentation over time.

Statistical analysis

Inter-rater reliability was assessed through the calculation
of the intraclass correlation coefficient (ICC) within experts
and nonexpert groups. The ICC model is a two-way random
effects model with an absolute agreement as a type of rela-
tionship. The coefficient of correlation between F-VASI score
and depigmentation surface was also computed to evaluate
the association between the scoring methods. Values >0.90
are considered to be excellent, values between 0.75and 0.9
are considered good, values between 0.5 and 0.75 are con-
sidered moderate and values <0.50 are considered poor.™
The agreement between visual and algorithmic depigmen-
tation assessment was evaluated through the calculation
of mean relative error (visual score — algorithmic score) and
mean absolute error (absolute value of the relative error).
Bland—-Altman plots were also computed to visualize the
agreement between the two methods.

Additional information on the methods used is available in
Appendix S1 (see Supporting Information).

Results

We first assessed interoperator repeatability and found that,
regardless of the difficulty in identifying vitiligo lesions, the
maximum difference observed with the algorithm was 3.6%
(Table S2; see Supporting Information).

We further evaluated interacquisition repeatability and
found that, regardless of a slight variation in patient position-
ing, the maximum difference observed with the algorithm
was < 2% (Table S3; see Supporting Information).

As described in the ‘Patients and methods’ section, viti-
ligo is sometimes oversegmented and a manual adjustment
is made by a technician. In this study, 195 segmentations
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Figure 1 ColorFace® images in the ultraviolet polarized modality (first row) and cross polarized modality (second row). Newtone® has provided
permission to use the images generated by the ColorFace acquisition system.

were done, 100 with front-view pictures and 95 in profile. Of
195 segmentations analysed with quality control, 29 manual
adjustments were necessary (7 frontal views and 22 profile
views). The percentage of segmentations requiring manual
adjustment was 14.9%, indicating that the algorithm can
successfully detect vitiligo lesions without any intervention
in 85.1% of segmentations. Furthermore, the mean differ-
ence between the calculation of depigmented areas with
and without manual adjustments was only 3.7% (Figure S3;
see Supporting Information).

All results presented hereafter are based on analyses
performed in each group independently. The values of the
correlation coefficients between F-VASI and depigmenta-
tion surface assessment for the six nonexpert and seven
expert raters are presented in Table S4 (see Supporting
Information). The correlation for nonexperts ranged from
0.89 to 0.98, and the correlation coefficients for the seven
expert raters ranged between 0.91 and 0.99.

A comparison between the grading of each rater using
the F-VASI and facial depigmentation surface score was

performed. The ICC was calculated for each group. In the
nonexpert group, the ICC was only 0.49 [95% confidence
interval (Cl) 0.33-0.66] for the facial surface depigmenta-
tion score and 0.45 (95% Cl 0.29-0.62) for the F-VASI. For
the expert group, the ICC was 0.60 (95% Cl 0.45-0.75) for
the facial surface depigmentation score and 0.52 (95% CI
0.37-0.68) for the F-VASI. We then divided the patients into
two groups: group 1 contained patients whose lesions were
well demarcated and homogeneous; group 2 contained
patients with heterogeneously distributed lesions and/or
the presence of punctate repigmentation. The ICC was sig-
nificantly higher when lesions had homogeneous compared
with heterogenous depigmentation (Table 1). In all cases,
the ICC of vitiligo experts remained much higher than that
of nonexperts. This was associated with a wide variation
in the grading of vitiligo among the raters. For nonexpert
raters, some evaluations differed by up to 84%. Although
better than nonexperts, the maximum discrepancy between
expert raters was also high, with two expert raters differing
by 55% in the evaluation of one patient.
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Figure 2 From left to right and top to bottom: initial image, forehead region of interest, vitiligo and normal skin tone markers and final segmentation.
Newtone® has provided permission to use the images generated by the ColorFace® acquisition system.

Finally, the raters and algorithm scores were compared.
The results of the algorithm were compared with the scores
of each rater independently and with the median score of
each group. Mean absolute and relative errors are presented
in Table 2. The reference for the relative error was the algo-
rithm score, with a positive value indicating that the facial
depigmentation surface score was higher for the rater than
calculated by the algorithm. The maximum mean relative and
absolute errors were —24.46 and 24.99, respectively. The
errors were lower for expert raters, with a maximum mean
relative and absolute error of =11.01 and 11.80, respectively.
When considering median score, errors were globally lower
than the scores of single raters. Errors toward the median
score remained high for the nonexpert group (mean relative
error —11.94, mean absolute error 12.71), but they were low
for the expert group (mean relative error 0.43, mean abso-
lute error 5.57). The agreement for each group of raters and
their 95% limits of agreement can also be seen in Figure
S4 (see Supporting Information). We found higher limits of
agreement for the nonexpert group (almost +44) than for
the expert group (almost +20), as expected.

Discussion

There are currently > 20 interventional studies registered on
ClinicalTrials.gov that aim to repigment patients with viti-
ligo. A better understanding of the mechanisms involved in
the pathogenesis of vitiligo has allowed the development of
new therapeutic approaches.® The therapeutic need remains
high and new treatments are much welcome. However, a

standardized, automated and reliable measurement of the
efficacy of those new approaches is needed to assess their
efficacy and compare one study with another.’® We report
here the validation of a dedicated system with a specific
algorithm named Vitil-IA. We have shown that the Vitil-IA
algorithm provides highly reliable measurements of depig-
mentation on the face of patients with vitiligo. Excellent
repeatability of the algorithm was shown by a mean dif-
ference of <2% from positioning and a maximum of 3.6%
in operators’ variability. Importantly, we not only assessed
patients with well-demarcated and homogenous vitiligo, but
also included patients with very fair skin, ill-defined borders
and heterogeneous depigmentation. We also calculated the
evolution of the depigmented area under treatment, which
allowed us to assess the reliability of this outcome measure,
show its ability to assess the repigmentation process and
test it on lesions where small macules of repigmentation are
scattered within depigmented areas.

In addition to its reliability, this system has the main advan-
tage of having very limited human intervention. Only the
position of the marker on nondepigmented and depigmented
skin, and — when needed — some manual adjustments are
performed centrally by a technician. Importantly, we showed
that these limited human interventions do not affect the final
score by >4%. In all cases, the operator caring for the patient
never has to manipulate any threshold, delimit an area or
perform any kind of intervention that could introduce bias to
the final calculation of the depigmented areas.

We concomitantly asked nonexpert raters trained to
score vitiligo and international experts in vitiligo to assess
the same images assessed by the algorithm. Recently, a
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Figure 3 Assessment over time by Vitil-IA® of the percentage of depigmentation of the face. (Top row) Baseline (week 0): depigmentation of 45.5%;
(middle row) week 12: depigmentation of 20.9%; (bottom row) week 24: depigmentation of 1.1%. Newtone® has provided permission to use the
images generated by the ColorFace® acquisition system.
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Table 1 Intraclass correlation coefficients (ICCs) according to lesion heterogeneity

Surface depigmentation:

Surface depigmentation:

F-VASI: nonexperts F-VASI: nonexperts

nonexperts (95% Cl) experts (95% ClI) (95% Cl) (95% Cl)
ICC global 0.49 (0.33-0.66) 0.60 (0.45-0.75) 0.45 (0.29-0.62 0.52 (0.37-0.68)
ICC group 1 — homogeneous 0.48 (0.25-0.73) 0.82 (0.60-0.93) 0.47 (0.31-0.77) 0.85 (0.72-0.94)
ICC group 2 — homogeneous 0.17 (0.04-0.42) 0.62 (0.42-0.81) 0.19 (0.05-0.43) 0.38 (0.20-0.62)

Cl, confidence interval; F-VASI, Facial Vitiligo Area Scoring Index.

study showed that the evaluation of the F-VASI could be
performed on standardized images.'® The median score of
expert raters showed good agreement with a mean rela-
tive error close to 0, indicating there was no bias, and a
mean absolute error of 5.57, which was almost equal to
the lowest value among all raters individually. However,
we observed poor reliability between the raters, with an
ICC < 0.55 for experts and nonexperts when assessing the
F-VASI. This is much less than an ICC of 0.77 in the F-VASI
evaluation performed by experts in the study by Merhi et
al. or in the initial validation study of the F-VASI.'2'5 This
poorer correlation could be explained by the fact that we
could not include the palmar aspect of the hand or thumb
in the image of the face to help calculate the F-VASI. We
performed a subanalysis to compare the assessment of
homogenous and well-defined lesions to heterogeneous
depigmentation, or those with small repigmenting spots.
When the grading was done on homogenous pictures, the
ICC of the expert group was good (0.85), but it was poor
when assessing heterogeneous pictures (0.38). Despite
proper training, the ICC for nonexpert raters remained poor
for homogeneous depigmentation (0.47) and very poor
when it was heterogeneous (0.19). Thus, some evaluations
of depigmentation surface differed by up to 55% in the
expert group and up to 84% in the nonexpert group. This
discrepancy could be a concern given the fact that grad-
ing by raters of depigmented areas is the gold standard
for assessing the efficacy of treatments in clinical trials.
Indeed, in phase Il —and particularly phase Il studies — the
requirement for a large number of patients will lead to the
inclusion of centres with nonexpert raters. Our results have
shown that, despite training in F-VASI scoring, the ICC is

Table 2 Mean relative and absolute error of depigmentation surface
and correlation of vitiligo with the Vitil-IA® algorithm

Depigmentation surface
(mean relative error)

Depigmentation
surface (mean
absolute error)

Rater 1 -6.54 11.05
Rater 2 13.49 14.56
Rater 3 -24.46 24.99
Rater 4 -1.98 6.74
Rater 5 -18.01 20.10
Rater 6 -15.22 19.97
Median -11.94 12.71
Rater expert 1 1.84 5.28
Rater expert 2 -1.84 9.85
Rater expert 3 -11.01 11.80
Rater expert 4 0.11 712
Rater expert 5 759 9.58
Rater expert 6 3.96 728
Rater expert 7 -2.63 9.48
Median 0.43 5.567

poor for nonexpert raters and becomes very poor when
the depigmentation is heterogeneous. We observed large
variations in the assessment of the same patient by some
experts in the field. Such a discrepancy is problematic
when considering the fact that optimal repigmentation of
vitiligo usually requires 12-24 months of treatment and that
the primary endpoint of clinical trials is usually assessed at
6 months, when the difference between the active drug
and placebo is still relatively low. For example, in the phase
Il study of ruxolitinib cream, the main endpoint (> 75%
improvement in F-VASI at 6 months) was reached by 29.8%
of patients in the ruxolitinib group and 7.4% in the placebo
group,'® which is well within the variability rate we observed
between our raters. Although variation in the assessment
of disease severity is normal in clinical research and does
not affect the relevance of the results as long as allocation
is randomized, the potential variability between raters could
become an issue in early stages of the development for
pharmaceutical companies that might decide to abandon a
treatment that was actually effective, or to pursue to a long
and costly phase Il study when the results with the phase
Il study were actually poor. This difficulty in assessing effi-
cacy is also critical for regulatory agencies that must assess
the results of trials for approval.

One of the main limitations of our study was the
absence of patients with skin types V or VI. Although
vitiligo lesions are more easily distinguished in darker
skin types and scoring is potentially easier, larger studies
including all skin types are warranted to confirm these
results. As discussed above, another limitation is the
absence of patients’ thumbs or hands in the evaluation,
which might have decreased the reliability of the F-VASI
scoring. Finally, the ColorFace acquisition system and the
Vitil-1A algorithm were used for the first time in assessing
vitiligo. Additional studies are warranted to confirm these
encouraging results.

In conclusion, we developed and validated a standardized,
automated and reliable image-based system using standard-
ized UV pictures combined with a dedicated algorithm that
provides an reliable assessment of the depigmented lesions
on the face of patients with vitiligo. The results obtained
were highly reproducible compared with evaluations per-
formed by raters. Such a reliable assessment tool should be
considered for future clinical trials.
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