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Cafe-au-lait macules are the most distinctive clinical
finding in neurofibromatosis type I. The aim of this
prospective study of Greek children diagnosed with
neurofibromatosis type I was to describe the derma-
tological phenotype and to analyse the characteristics
of cafe-au-lait macules and their association with ge-
notype. Pigment intensity and melatonin content of
cafe-au-lait macules were measured with a narrow-
band spectrophotometer. A total of 63 children aged
6 months to 16 years old were studied. Mean melanin
content varied, both among patients, and within each
patient (p<0.001). Females had a higher number of
cafe-au-lait macules than did males (p=0.025), and
the melanin content of cafe-au-lait macules was lower
in females than males (p <0.001). Patients with prote-
in-truncating variants in the neurofibromatosis type I
gene had higher melanin content of cafe-au-lait macu-
les than other types of genetic variants t (55)=2.196,
p =0.032. Plexiform neurofibromas were also detected
in the majority of patients with protein- truncating va-
riants, while juvenile xanthogranulomas were detected
equally in patients with protein-truncating and non-
protein-truncating variants. In conclusion, cafe-au-lait
macules with high melatonin content are associated
with patients carrying non-protein-truncating vari-
ants. Therefore, measurement of cafe-au-lait macule
pigment intensity might provide useful information for
initial assessment of patients with neurofibromatosis
type I and the severity of their future phenotype.
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Neuroﬁbromatosis type 1 (NF1) is a multisystemic
autosomal dominant genetic disorder, with a birth
incidence of 1:2000 and a prevalence of 1/4000 (1, 2).
The most prominent clinical manifestations of NF1

SIGNIFICANCE

Cafe-au-lait macules are the most frequent clinical mani-
festation in neurofibromatosis type 1 and represent a ma-
jor criterion for diagnosis of neurofibromatosis type 1. This
study established the variability of melanin content among
patients with neurofibromatosis type 1 and within each in-
dividual. The study concluded that patients with neurofi-
bromatosis type 1 with protein-truncating variants that are
likely to lead to severe future phenotype have significantly
higher melatonin content of cafe-au-lait macules than pa-
tients with non-protein-truncating variants. The study also
found that the majority of patients with plexiform neurofi-
bromas carried protein-truncating variants, while juvenile
xanthogranulomas were detected equally in patients with
protein-truncating and non-protein-truncating variants.

are café au lait macules (CALMs) and neurofibromas
(subcutaneous, cutaneous, and plexiform), which are
present in more than 95% of adult patients (3). Two out
of 7 major diagnostic criteria are required to determine
the diagnosis, with the presence of 6 or more CALMs
larger than 5 mm before puberty and larger than 15 mm in
adults being the most widely recognized among them (4).
Other cutaneous manifestations of NF1 include freckling,
juvenile xanthogranuloma (JXG), naevus anaemicus
(NA) and glomus tumours (5).

CALMs are often the first manifestation of NF1.
They are described as uniform, light- to dark-brown in
colour, oval in shape, and smooth in texture macules
(“California coast” type) (6), and their distribution is
random, excluding the scalp, palms and soles (7, 8).
CALMs may be present at birth; they gradually increase
in size and number during the first years of life; however,
most CALMs usually emerge by the age of 2—4 years.
The incidence of CALMSs in patients with NF1 is high;
therefore, their detection and assessment are important
for the early diagnosis of NF1 (9-11).

Most patients with NF1 carry mutations within the NF'1
gene. The genomic location of the NF'I gene is 17q11.2
and it consists of 58 exons. This large gene holds one
of the highest genetic variant rates in the entire human
genome (12). Several types of genetic variants associated
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with NF1 phenotype have been described (13). De novo
genetic variants occur in more than 50% of patients (3).

The NF1I gene encodes the protein “neurofibromin”,
which has tumour-suppressive activity in many cells,
notably neurones, ganglion cells, Schwann cells and early
melanocytes (14). NFI gene dysfunction is associated
with a variable phenotype that includes tumour predis-
position and it is hypothesized that the rate of growth of
specific tumours is related to the nature of a “second hit”
somatic genetic variant (6).

The pathogenesis of CALMs in NF1, and their cor-
relation with the NF1 genotype has been insufficiently
studied (15, 16). In 2008, De Schepper et al. (17)
identified somatic genetic variants in the NF'/ gene in
melanocyte cultures from CALMs of patients with NF1,
while only germline genetic variants were found in non-
CALM skin melanocytes. Boyd et al. (18) hypothesized
that the differences in pigmentation of CALMs may be
related to the combination of a germline mutation and a
second somatic genetic variant in specific melanocytes.
This was supported by the finding of significant intra-
individual variability of pigment intensity in the CALMs
of patients with NF1.

The aim of this study was to analyse the dermatological
findings of patients with genetically confirmed NF1, with
an emphasis on CALMs pigmentation and its association
with the NF1 genotype.

MATERIALS AND METHODS

This is a prospective study conducted between April 2018 and
March 2022 at the Neurocutaneous Clinic of the First Depart-
ment of Pediatrics of the National and Kapodistrian University
of Athens Medical School at “Agia Sophia” Children’s Hospital
of Athens in Greece, which was established in 2016 (19). The
current study was designed and conducted in accordance with
the principles of the Declaration of Helsinki and was approved
by the ethics committee of First Department of Pediatrics of the
National and Kapodistrian University of Athens Medical School
at “Agia Sophia” Children’s Hospital of Athens in Greece (study
protocol 23-02-18/4559). Informed consent was obtained from
legal guardians of the children.

Inclusion criteria were: (i) patients with NF1 between 6 months
to 16 years old; (if) genetic information regarding the NF1 diag-
nosis. Genotyping of the cohort of patients was conducted by the
Department of Medical Genetics, Medical School, National and
Kapodistrian University of Athens, Greece. Some of the molecular
findings have been published previously (19).

Chart review included sex, age, race, demographic and social
data, family history, clinical data, and molecular findings.

CALM pigmentation measurements using a narrowband spec-
trophotometer were performed during regular outpatient visits of
patients with NF1 at Neurocutaneous Clinic of the First Depart-
ment of Pediatrics of the National and Kapodistrian University of
Athens Medical School at “Agia Sophia” Children’s Hospital of
Athens, Greece. The narrowband spectrophotometer calculates the
relative absorption of melanin based on the absorption of visible
light and, at the same time, provides satisfactory measurements
of erythema and pigmentation rates. All colometric data were
obtained using a narrowband spectrophotometer DSM 111 (Cortex
Technology, Hadsund, Denmark). DSM 1II is a handheld instru-
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ment used for measurement of skin colour, including melanin. The
melanin values from the DSM III are index values and are used
for the estimation of level of pigment in the skin. Quantification of
melanin content is a relative number comparing the data obtained
with the DSM III of normal skin with the data of CALM. The
DSM III records colour using 3 values developed by the Com-
mission Internationale d” Eclairage (CIE): L*, light intensity; a*,
amount of green or red; and b*, amount of blue or yellow (18).
Measurements were performed by 1 author (LN). Three succes-
sive measurements were performed for each measured CALM.
Accordingly, 3 more measurements of the non-CALM skin were
made in a 120° angle, to ensure consistency of measurements. The
pigmentation of 6 CALMs per patient was measured. The selection
of CALMs measured was by a random criterion.

All patients included in the study presented with type I1I photo
type, according to Fitzpatrick scale (20). All measurements took
place during the winter-time, on the covered areas of the skin,
in order to ensure homogeneity of patients. A digital camera
was used to determine the number and distribution of CALMs.
The whole body of participants was photographed with a digital
camera (Sony, DSC-H50, San Diego, USA). CALM:s larger than
3 cm were mapped on a standard body chart, in order to report
CALM body distribution (Fig. 1). All CALMs were classified
into 4 categories based on their distribution: (/) head and neck,
(ii) thorax, shoulder surface, (iif) upper and lower extremity, and
(iv) inguinal area.

Statistical analysis

For descriptive statistical analysis, continuous variables are
presented as mean value, standard deviation, median and inter-
quartile range (IQR: interquartile range), while discrete variables
are presented as frequency (N) and relative frequency (N %).
To control the condition of normality, the graphs “Normal Q-Q
plot”, “Detrended Normal Q-Q plot” and “Box plot” were used.
Levene’s test was applied to check the equality of population

Fig. 1. Distribution of café-au-lait macules (larger than 3 cm) in
the current series of 63 patients (each colour represents a unique
individual).
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Table I. Demographics and main characteristics of neurofibromatosis
type 1 (NF1) patients (N=63)

Characteristics

Sex
Males 33 (52.4)
Females 30 (47.6)
Family history of NF1 23 (36.5)

Dermatological manifestation
CALMS 63 (100)

Axillary freckling 40 (63.5)
Inguinal freckling 38 (60.3)
External plexiform neurofibromas 17 (27)
Subcutaneous and cutaneous neurofibromas 9 (14.3)
Juvenile xanthogranuloma 4 (6.3)
CNS manifestation

Epilepsy 2 (3.2)
Intellectual disability 0 (0.0)
Learning disabilities 17 (27.0)
Autism spectrum disorder 2(3.2)
Optic nerve glioma 15 (23.8)
Lisch nodules 13 (22.0)
Skeletal manifestations

Pseudoarthrosis 3(4.8)
Scoliosis 7 (11.1)
Sphenoid dysplasia 2 (3.29)
Genotype group

A. Protein-truncating 47 (74.6)
B. Non protein-truncating 16 (25.4)

CNS: central nervous system; CALMs: cafe-au-lait macules.

variations. Mood’s median test was used to check the median’s
equality of more than 2 independent populations. For the com-
parative study of the mean values of a continuous variable, bet-
ween 2 independent groups, the Mann—Whitney test was used.
Spearman’s correlation coefficient was used to investigate the
existence of a relationship between 2 quantitative variables. To
study the relationship between 2 categorical variables, the y? test
of independence was applied. SPSS software (25" edition; IBM,
Chicago, IL, USA) was used to statistically evaluate the data. All
tests were 2-tailed. Significance was set at p<0.05.

RESULTS

The study included 63 children (33 boys and 30 girls)
with genetically confirmed NF1. Mean (standard devia-
tion; SD) and median age were
7.5 (4.6) and 8 (0.5-16) years,
respectively. Their main clinical
manifestations are shown in
Table 1. °

All children with NF1 showed
more than 6 CALMs, with a
mean (SD) of 18.1 (8.3) and
a median of 17 (Table II). Of
these CALMs, 53.6% were
located on the thorax, 9.1% on
the upper extremities, 18.6%
on the lower extremities, 13.4%
on the inguinal area, and 5.4%
on the head/neck (Table III).
Axillary freckling was seen in
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Table II. Cafe-au-lait macules (CALMs) melanin content by sex

Male Female
Total number of CALMs, mean (SD) 16.2 (8.0) 20.2 (8.2)
Median (IQR) 15.0 (11.0-20.0) 19.0 (14.0-26.0)
Melanin content, mean (SD) 54.8 (41.3) 40.9 (40.7)

Median (IQR) 47.0 (22.1-78.0)  25.8 (12.9-59.1)

SD: standard deviation; IQR: interquartile range.

Table III. Body distribution of cafe-au-lait macules (CALMs and
plexiform neurofibromas)

Plexiform neurofibromas

CALMs n (%) n (%)
Head 61 (5.4) 9 (5.8)
Thorax 610 (53.6) 45 (29.2)
Upper extremity 103 (9.1) 25 (16.2)
Lower extremity 212 (18.6) 38 (24.7)
Inguinal area 152 (13.4) 37 (24.0)
Total 1,138 (100.0) 154 (100)

showed no correlation between the total number of
CALMs and age [rs(63)=-0.055, p=0.666].

Mean CALMs diameter was found to be the largest
in the chest area compared with other body sites. Krus-
kal-Wallis analysis of CALMs size and anatomical
location showed significant differences x> (4)=3.912,
2<0.001. Mean CALMs diameter was found to be the
largest in the chest area compared with other body sites.
Kruskal-Wallis analysis of CALMs size and anatomical
location showed significant differences x> (4)=41.266,
»<0.001.

Melanin content of CALMS is shown in Table II.
Mood’s median test revealed that the mean value of
melanin content among patients differed significantly
[x* (5\9)=208, p<0.001], while Levene’s test showed
that there was no homogeneity in CALM melanin con-
tent within each patient [F (59.42)=1.972, p=0.012].
Spearman correlation analysis showed a negative cor-
relation between CALMs size and melanin content [rs
(378)=-0.403, p<0.001] (Fig. 2).

63.5% of patients, and inguinal
freckling in 60.3% (Table I).
Spearman correlation analysis
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Fig. 2. Cafe-au-lait macules size and melanin content.
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z=36,p=0.266]. Fisher’s exact
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cally significant correlation
between genotype group and
the presence of JXG (p=1.000).
y? independence test did not
reveal a statistically significant

Patients (id)

Fig. 3. Range of melanin content in patients with neurofibromatosis type 1 (N=63). 95% CI:

95% confidence interval.

Melanin content in boys and girls is shown in Table
II. Mean value of melanin content differed significantly
between girls (N=144, mean=40.9, SD=40.7) and
boys (N=234, mean=>54.8, SD=41.3), t(376)=3.194,
p=0.002. Mann—Whitney test showed significant diffe-
rence in the total number of spots by sex [U (N boys=33,
N girls=30)=658, z=2.246, p=0.025], with girls having
a higher total number of CALMs than boys. Levene’s
test showed heterogeneity of CALMs melatonin content
in girls [F (23, 120)=14.284, p<0.001] and in boys [F
(38, 195)=8.653, p<0.001] (Fig. 3).

The molecular findings of this cohort of patients are
shown in Table SI. Based on the severity of the genetic
variants, 2 groups were delineated: group A with protein-
truncating variants (nonsense and splice site (frame-shift)
variants), and group B with non-protein-truncating
variants (missense, splice site (in-frame) variants). In
group A the mean melanin content was 50.6 (SD=39.2)
while in group B it was 34.6 (SD=18.3). Independent
t-test show statistically significant differences in the
mean values of melanin content in the CALMs of these
2 groups t (55)=2.196, p=0.032 (Fig. 4).

Cutaneous and subcutaneous neurofibromas were
detected in 9 patients (15%): 30 in the thorax, 14 in the
upper extremities, 3 in the lower extremities, and 2 in the
inguinal area. Superficially located PNs were detected in
17 patients (27%). Seven PN were located in the head/
neck area, 6 in the thorax, 2 in the upper extremities, and
2 in the lower extremities (Table III). Four patients had
JXG (4 in the head, 1 in the face and 1 in the thorax),
and 2 patients had NA (1 in the thorax and 1 in the up-
per limbs).

Acta Derm Venereol 2023

relationship between genotype
group and the presence of PNs
[x2 (1)=0.838, p=0.360].

DISCUSSION

To our knowledge, this is the first study of CALMs
phenotype in the largest cohort of children who are all
genetically confirmed with NF1 (Table SI).

CALMs are the most frequent clinical manifestations
in NF1 and constitute a major diagnostic criterion of
this disorder. In the current cohort of patients with NF1,
the number of CALMs was notably higher than 6 (mean
16.2), which is set in the literature as the minimum num-
ber of CALMs for a diagnosis of NF1. This finding is
consistent with earlier studies (21).

200

Melanin content (median)
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o
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A. Protein truncatin B. Non protein truncatin
s 9 Genotype PO ing
Fig. 4. Melanin content of cafe-au-lait macules per genotype group,
group A (nonsense and frameshift variants), and group B (missense,
splicing, in frame variants).
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It has been hypothesized that CALMs in NF1 are the
result of a germline loss of function mutation in the NF'/
gene together with a somatic genetic variant of the NF'/
gene in early skin melanocytes (21, 22). Earlier studies
analysing melatonin content and searching for NF1 so-
matic alterations in melanocytes of CALMS in patients
with NF1 supported this hypothesis, but both the number
of patients and the number of CALMs studied were not
sufficient to provide robust evidence (16—18).

The current study also demonstrated the presence of
significant inter-individual variability of melanin content
in CALMSs of the patients with NF1, and that NF1 pa-
tients with protein-truncating variants have significantly
higher CALM melatonin content than patients with non-
protein-truncating variants. These findings indicate that
protein-truncating variants might lead to more severe
dysregulation of melanogenesis.

In concordance with our results Boyd et al. also
showed significantly darker spots in individuals with
germline genetic variants leading to haploinsufficiency,
although only 7 out of the 24 patients in their study were
genetically tested (18).

An interesting finding in the current cohort was the
presence of more CALMs in females and higher melato-
nin content in males (Table II). These findings could be
indicative of sex influences in the cutaneous manifesta-
tion of NF1. In fact, this is supported by studies showing
that sex is a major prognostic factor underlying neuronal
dysfunction in NF1, and suggests that sex should be taken
into consideration when interpreting future preclinical
and clinical studies (23).

Genotype-phenotype correlations have been reported
in some patients with NF1 (15, 24). Koczkowska et al.
(25) also detected a higher frequency of spinal bilateral
neurofibromas in NF1 patients carrying missense genetic
variants affecting codons 844 to 848. Kehrer-Sawatzk et
al. reported a higher frequency of facial dysmorphisms,
axillary and inguinal freckling and skeletal anomalies in
NF1 patients carrying large deletions of the NF'/ gene
(2, 26). Kang et al. (27) demonstrated that patients with
truncating and splicing genetic variants and large dele-
tions often show a more severe NF1 clinical phenotype
than patients with missense genetic variants.

In the current cohort of genetically confirmed NF1, the
current study analysed potential genotype correlations
with the presence of juvenille xanthogranuloma (JXG)
and external plexiform neurofibroma (EPN). JXG is the
most common form of non-Langerhans-cell histiocytosis
and is characterized by benign yellowish to brownish
papules (5). In NF1, JXG are reported up to 35% of
cases and they may appear as early as CALMs (5). In
the current cohort of patients with NF1, only 4 (6.7%)
had evidence of JXG of them carried protein-truncating
and the other 2 carried non protein-truncating variants.

PN are seen in 20-30% of patients with NF1. They
are congenital Schwann cell-derived tumours that arise
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from somatic genetic variants of the wildtype NFI al-
lele (28). PN can be found either internally, where they
cannot be found by physical examination, or they can
be more superficially located. Superficially located PNs
often manifest with enlargement of soft tissue with a
“wrinkled” texture or a patch of hyperpigmentation
with or without hypertrichosis (1). In the current cohort
of patients with NF1, superficially located PNs were
present in 16 patients (25.4%) and the majority carried
protein-truncating variants. The current study did not
include internal PNs in the analysis because in the cur-
rent cohort not all patients had undergone comprehensive
imaging in search for internal PNs. Since the majority
of the current cohort were prepubertal, subcutaneous or
peripheral nodular neurofibromas were not present. Con-
sequently, the association of genotype with the presence
of subcutaneous or peripheral nodular neurofibromas was
also not performed, since this NF1 manifestation usually
develops during adolescence.

Other cutaneous manifestations associated with NF1
include freckles and NA. Axillary and/or inguinal freck-
ling constitutes a cardinal diagnostic feature of NF1 (1).
They are small clustered pigmented macules (1-3 mm)
that appear later than CALMs and they are found in more
than 90% of patients with NF1 by the age of 7 years. We
recorded axillary and/or inguinal freckling in 63.5% of
patients in the current cohort, which was probably due
to the younger median age of the current study popula-
tion. In the current cohort, NA was detected in only 2
patients, although it has been reported in up to 50% of
patients with NF1 (5, 29). The low frequency of NA in
the current cohort of patients is unexplained and may
be related to ethnic differences. Assessment of a larger
cohort of patients will be necessary to better understand
the basis of this observation.

Strengths of the current study were the number of pa-
tients with NF1 included and the fact that they were all
genotyped. Furthermore, the current study used a tool,
the DSM 1II that is effective and reliable for evaluating
CALM pigmentation (30). Previous studies using this
model have demonstrated the reliability and efficacy of
measuring skin pigmentation. This study had some limi-
tations: the single investigator who performed the test was
not blinded to NF1 status; therefore, the potential of bias
existed. In addition, the study measured only 6 CALMs
for each patient, due to patients’ compliance issues.

In conclusion, this study demonstrates that, in patients
with NF1, protein-truncating genetic variants in the NF'/
gene are associated with higher CALMs melatonin con-
tent, while other cutaneous manifestation, such as JXG
and PN, did not show any association with the type of
genetic variant. If the current results are verified in future
studies, measurement of pigment intensity in CALMs
could be implemented in resource-limited settings, as a
rapid, easy, risk-free test for the initial assessment of pa-
tients with NF1 and the severity of their future phenotype.
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