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ARTICLE INFO ABSTRACT
Key words: Naevoid basal cell carcinoma syndrome (NBCCS) is a rare genodermatosis caused by germline mutations in genes
naevoid basal cell carcinoma syndrome of the Sonic Hedgehog (SHH) pathway and is characterised by early onset of multiple basal cell carcinomas

Gorlin syndrome

basal cell carcinoma

basaloid follicular hamartoma
Sonic Hedgehog

(BCCs). Although skin tumours with follicular differentiation, notably basaloid follicular hamartoma (BFH), have
been reported in NBCCS, their relations with BCC are poorly defined. In this context, the aim of this study was to
clarify morphological, immunohistochemical and molecular features of BFH arising in a context of NBCCS. A total

of 140 skin tumours from NBCCS and 140 control BCC tumours were reviewed, blinded to clinical data and
classified as BCC or BFH. The morphological characteristics of these two groups were then compared. Twenty
cases were submitted for immunohistochemical and molecular analysis. Thirty-three tumours among the
exploratory cohort were classified as BFH and were exclusively detected in NBCCS patients. Histopathological
criteria that were significantly different from BCC were as follows: a small size (<1.5 mm), connection to a hair
follicle, arborescent organoid architecture, lack of cytological atypia and infundibulocystic differentiation.
Immunohistochemical analysis confirmed activation of the SHH pathway in these lesions. Targeted next-
generation sequencing suggested that MYCN and GLI2/3 amplifications and TP53 mutations might be involved
in progression of these follicular tumours to BCC. Our study confirms the high prevalence of BFH, representing up

to 24% of skin tumours in NBCCS and potentially being BCC precursors.
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1. Introduction

Naevoid basal cell carcinoma syndrome (NBCCS)/Gorlin syndrome
(OMIM # 109400) is a rare autosomal dominant inherited genoderma-
tosis, with a prevalence estimated between 1 in 31,000 and 1 in 164,000
in Europe."? Although prior cases might have been reported in the
literature,” the initial identification of NBCCS as a syndrome was made in
1960 by Gorlin and Goltz.* NBCCS is characterised by multiple basal cell
carcinomas (BCCs) and/or odontogenic keratocysts of the jaw at a young
age in combination with other alterations such as palmar or plantar pits,
lamellar calcification of the falx cerebri and medulloblastoma.>>°

Genetically, NBCCS is caused by germline mutations in genes of the
Sonic Hedgehog (SHH) pathway, notably PTCH1 or SUFU, with SUFU mu-
tations being less prevalent than PTCHI1 mutations and associated with an
increased risk of medulloblastoma.” As observed in sporadic BCC and me-
dulloblastoma cases, inactivation of PTCH1 or SUFU gene function leads to
the activation of the SHH pathway, finally resulting in tumour formation.®

BCC is the only skin tumour currently considered as an NBCCS
diagnostic criterion;® however, Gorlin et al. mentioned in their initial
report a combination of trichoepithelioma and BCC in their patients with
‘all gradation of activity’ from trichoepithelioma to BCC.* Accordingly, in
transgenic mice models, inactivation of the Ptchl mimicking NBCCS
genotype led to the formation of microscopic, nascent ‘basaloid follicular
hamartoma (BFH)-like’ tumours, whereas additional secondary genetic
hits including GLI1, GLI2 and MYCN amplifications and inactivation of
TP53 were required for macroscopic BCC formation.” In line with these
findings, recent studies reported high prevalence of BFHs in NBCCS,' 1
suggesting that BFHs constitute a potential additional diagnostic crite-
rion for NBCCS.'?"'* However, microscopic criteria defining BFH, as well
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as whether these tumours belong to the same spectrum as BCC or are
distinct entities, are controversial.'>1°

In this context, the aim of this study was to clarify morphological,
immunohistochemical and molecular features of BFH arising in the
context of NBCCS.

2. Methods
2.1. Patients

Skin tumours from NBCCS patients were diagnosed as BCC between
2004 and 2021 in the Department of Pathology, Hospital of Tours (Local
Ethics Committee in Human Research, Tours, France; no. ID RCB 2009-
A01056-51). Inclusion criteria of the NBCCS tumour samples were as
follows: tumour arising in a patient with a confirmed diagnosis of NBCCS,
as previously described®® (Supplementary Table 1), tumours classified as
BCC at the initial diagnosis time, and available material for histological
examination. After a pathological review was performed for the current
study, cases in which the diagnosis was neither BCC nor tumour with
follicular differentiation were excluded. A previously described cohort of
skin tumours from patients with Gorlin syndromell (Hospital Cochin,
Paris) was used for the validation series. Control cases of both explor-
atory and validation cohorts from non-NBCCS patients including the first
160 BCC and 20 trichoblastoma consecutive cases diagnosed after 1
January 2021 were extracted from the archives of the Department of
Pathology, Tours Hospital.

Among all included cases, 140 randomly selected skin tumours from
all NBCCS patients diagnosed in the Hospital of Tours as well as 140 cases
of sporadic BCC were included in the exploratory cohort (Fig. 1). Twenty

NBCCS patients at Tours hospital
(n=9, 366 samples)

Control patients at Tours hospital
(n=180, 180 samples)

(n=5, 78 samples)
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Fig. 1. Flow chart. BCC, basal cell carcinoma; BFH, basaloid follicular hamartoma; NBCCS, naevoid basal cell carcinoma syndrome.
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cases of BFH arising in NBCCS patients, 20 sporadic BCC cases and 20
sporadic trichoblastoma cases were included in the validation series.

2.2. Design of the study

Although BCC is the only skin tumour currently included in the criteria
for NBCCS diagnosis,’® several publications reported higher incidence of
BFH*!%2%2 jn NBCCS patients than in the general population. Therefore,
based on the literature'®?'?® and their own experience, a panel of three
senior dermatopathologists (SF, MB and BC) established a list of morpho-
logical features (Supplementary Table 2), which might be relevant to
distinguish BFH in NBCCS patients from sporadic BCC.

Two independent pathologists (MCM and TK), blinded to the clinical
data, then (1) classified all cases of the exploratory cohort (including 140
tumours from NBCCS and 140 sporadic BCC from control patients) as
BCC or BFH depending on their own appreciation (holistic approach) and
(2) evaluated the presence of the previously proposed criteria irre-
spective of the diagnosis (Supplementary Table 2). When several types of
tumours were present on the same slide, only BFH cases were considered.
Discordant cases were reviewed collegially. BCC cases were classified as
superficial, nodular and infiltrative according to the recently proposed
simplified histopathological classification of BCC.'®> The morphological
features of the two groups (BFH vs BCC) were compared, and diagnosis
performances of these criteria to distinguish one from the other were
established using the positive likelihood ratio (LHR). A diagnosis crite-
rion was considered as relevant if the p value was <0.05 and the LHR
>5.24

In order to validate the performance of criteria established from the
exploratory cohort, the latter were assessed by an independent set of
pathologists (PS, MLJ, NM, FB, IM, SLR and LD), distinct from those who
examined the exploratory cohort, on an independent validation cohort of
60 cases, consisting of BFH from NBCCS patients (n=20), as well as BCC
(n=20) and trichoblastomas (n=20) from control patients. The diagnosis
had been validated by the first set of dermatopathologists (SF, MB and
BC). The evaluation was made on microphotographs using an online
platform https://www.survio.com/en/. To this aim, a list of diagnostic
criteria as well as illustrations (Supplementary Fig. 1) was provided.
Evaluators were asked to indicate whether or not (yes or no) the tumour
fulfilled the criteria.

Additional immunohistochemical and molecular characterisation was
then conducted on 10 cases of BFH as well as 10 cases of BCC from
NBCCS patients, with sufficient formalin-fixed paraffin-embedded (FFPE)
material.

2.3. Clinical data

Age, sex and location of the primary tumours were collected from
patient files.

2.4. Immunochemistry

Immunohistochemical staining with cytokeratin 20 (CK20), CD10,
EpCAM, PHLDAI and p53 was assessed using a Benchmark XT Platform
as instructed. GLI1 staining®>?® was performed manually. Antibodies and
dilutions are displayed in Supplementary Table 3. CK20 was used to
evaluate the presence of Merkel cells in the tumour.'®?”?® The CD10
expression was evaluated on both tumour cells and stroma.?®*° Intensity
of EpCAM staining, a well-established marker of BCC, was classified as
diffuse or heterogeneous.’° Expression of PHLDA1, a hair follicle
stem-cell marker, was evaluated on the percentage of positive cells (0,
<20%, 20-50%, 50-80%, >80%).%1>2 p53 expression was evaluated as
previously described:>® wild-type profile (heterogeneous expression) or
mutated profile, either loss of expression (<5%) or overexpression
(>70%).
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2.5. Molecular analysis

Molecular analysis was performed on 10 BFHs and on 10 BCCs
from five and seven NBCCS patients, respectively. Due to material
limitations (small BFH size, sample too old or not sufficient for
analysis), we did not perform paired analysis. FFPE tissues were
microdissected by needle sampling. DNA samples were then submitted
to massive parallel sequencing using a custom-designed panel ATLAS
(SureSelect XT HS, Agilent), covering 538 genes. Sequencing was
performed on a Nextseq 550 or 2000 System (Illumina), and bioin-
formatics analysis was based on a skin tumour panel of 92 genes
(Supplementary Table 4) using an in-house bioinformatic pipeline
allowing detection of single-nucleotide variations (SNVs), copy num-
ber variations (CNVs), tumour mutation burden (TMB) and micro-
satellite instability score estimation.

The selection of the detected SNV was made according to the
following criteria: (1) variant allele frequency >5%, (2) at least 10 reads
supporting the alteration, (3) frequency in the general population data-
bases (1000G and GnomAD) less than 1%, (4) recurrence in an in-house
variant database <20%, (5) strand bias with torrent server metrics
<0.95, and (6) variant not described as benign or likely benign in the
ClinVar database. Alterations were taken into consideration if at least
three of the four bioinformatics prediction algorithms (CADD, Mutation
Taster, SIFT and Polyphen2) were in favour of a pathogenic variation (or
two of four if the variation was associated with a COSMIC or ClinVar
identifier ‘pathogenic’ or ‘likely pathogenic’).

2.6. Statistical analyses

Continuous data were described by medians and ranges and cate-
gorical data with numbers and percentage of interpretable cases. Asso-
ciations were assessed using two-tailed Fisher exact tests for categorical
data. A p value <0.05 was considered statistically significant. The diag-
nostic accuracy of index tests was compared with the reference standard
by using the positive LHR as a measure of accuracy, combining sensitivity
and specificity. Index tests with a positive LHR >5 were considered
efficient. Agreement between evaluators was assessed with the percent
agreement and Fleiss Kappa coefficient, interpreted using the standard
Landis and Koch.>*

3. Results
3.1. High prevalence of BFH in NBCCS patients

Nine NBCCS patients were included in the exploratory cohort. Briefly,
all cases had a history of multiple BCCs with more than 100 tumours in
one case (case #1), four patients had prior history of odontogenic kera-
tocysts and a medulloblastoma arose in one case (#1). A genetic char-
acterisation of the germline mutation was available in four patients
revealing mutations in PTCHI and SUFU in three cases (#1, #3, #4) and
one case (#5), respectively. Clinical features of these patients are avail-
able in Supplementary Table 5.

To confirm that skin tumours with follicular differentiation
morphologically distinct from that of BCC are recurrently observed in
NBCCS patients, 140 skin tumours initially diagnosed as BCC from the
NBCCS patients were compared to 140 sporadic BCCs, whilst blinded to
the clinical data (see Fig. 1). Clinical and microscopic features of both
groups are reported in Supplementary Table 6. Among this exploratory
cohort of 280 cases, 33 tumours were classified as BFH by the two pa-
thologists after microscopic examination. Microscopic features of these
tumours are detailed in Figure 2, Table 1 and Supplementary Figure 1.
Importantly, such lesions were exclusively observed in NBCCS cases
(24% of the samples in this population), confirming that tumours with a
follicular differentiation morphologically distinct from sporadic BCC are
recurrently observed in this population.
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Fig. 2. Proposal for basaloid follicular hamartoma diagnostic criteria. These tumours are characterised by a small size (<1.5 mm), an organoid arborescent archi-
tecture, symmetric silhouette centred on a hair follicle (A, black arrow), frequent infundibulocystic differentiation (B, white arrow), stromal-dermal clefting (C, blue

arrows), bland cytology with no nuclear palisading and low inflammation.

3.2. Identification of morphological criteria to distinguish BFH from BCC

Comparison of these BFH with BCC either sporadic or from NBCCS
patients (Table 1) revealed that the BFHs observed in NBCCS were
smaller lesions (p<0.001), frequently centred on a hair follicle
(p<0.001). These tumours harboured an arborescent organoid archi-
tecture with anastomosing strands and cords (p<0.001) of non-
atypical/eosinophilic cells (p<0.001). Infundibulocystic differentia-
tion (p<0.001) and retraction cleft between stroma and dermis
(p<0.001) were more frequently observed in these cases than in BCC,
whereas peripheral palisading (p<0.001) and inflammation (p<0.001)
were less often detected in this subset. An association with a BCC on
the same slide was observed in 54% of the BFH cases (n=18/33)
(Supplementary Fig. 2). Subgroup analysis comparing BFH to either
sporadic BCC or BCC arising in the context of NBCCS is available in
Supplementary Table 7.

Of note, additional comparison of BCC in controls and NBCCS patients
further revealed a higher incidence of superficial BCC in the NBCCS
patients, whereas the nodular BCCs were predominant in the control
patients (p<0.001). NBCCS BCCs were also smaller than sporadic cases
(p=0.003), with a more frequent infundibulocystic differentiation
(p=0.048), less frequent necrosis (p=0.031) or inflammation (p<0.001)
(Supplementary Table 8).

3.3. BFH recognition is relevant to the NBCCS diagnosis

To evaluate whether the morphological identification of BFH in
current practice might contribute to the recognition of NBCCS patients,
diagnostic performance of the morphological criteria determined in the
present study was assessed individually using an LHR, with only criteria
harbouring an LHR >5 considered as relevant (Table 1, Fig. 2 and Sup-
plementary Fig. 1). To this purpose, a second independent panel of der-
matopathologists (n1=6) were asked to determine whether the cases were
BFH or not using the proposed diagnostic criteria in a second indepen-
dent validation series including 20 BFHs arising in NBCCS patients, 20
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sporadic BCCs and 20 follicular tumours (trichoblastomas) (Fig. 3).
Considering the majority response of the pathologists as a consensus,
sensitivity and specificity of our criteria were 60% and 100%, respec-
tively. Moreover, the percentage of interobserver agreement was 75%,
with a k coefficient of 0.683 (p<0.0001) reflecting a substantial agree-
ment and confirming the reproducibility of our criteria.

3.4. BFH arising in NBCCS harboured activation of the SHH pathway and
immunohistochemical features distinct from BCC

The high prevalence of BFH in NBCCS patients in comparison to the
general population strongly suggested that development of these tu-
mours is related to the genetic characteristics of the NBCCS, i.e., germline
mutations activating the SHH pathway. Thus, to confirm that develop-
ment of these neoplasms is related to this activation, we then evaluated
by immunohistochemistry the expression of GLI1, the main downstream
effector of the SHH pathway. Such analysis revealed strong and diffuse
expression of GLI1 (Supplementary Fig. 3) in all BFH cases.

We then evaluated whether such BFH might harbour immunohisto-
chemical features distinct from BCC. Indeed, numerous immunohisto-
chemical markers have been proposed to distinguish BCC from adnexal
tumours with follicular differentiation.’®>%%2 In this context, to further
characterise the phenotype of BFH, expression of some of these markers,
i.e., CK20, CD10, EpCAM, PHLDA1 and p53, was assessed in this popu-
lation (n=10) using BCC as controls (n=10). Results are shown in Table 2
and Supplementary Fig. 4.

The CK20 staining highlighted the presence of Merkel cells only in
BFH (four cases with 10, 21, 45 and 50 cells/mm?). The CD10 stained
either stroma (five cases) or tumour cells (three cases) in BFH, whereas
only tumour cells were positive in BCC. The EpCAM staining demon-
strated more frequently a focal pattern in BFH (seven cases, 70%) than
BCC [one case within which the positivity was focal (10% of positive
cells)]. PHLDA1 was heterogeneous in both intensity and distribution in
both groups. The p53 staining was overexpressed in favour of a mutated
profile only in BCC cases (five cases, 50%).
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Table 1
Clinical and morphological features of BFH and BCC tumours included in the exploratory cohort
BFH (n=33) BCC (n=247) p value Se/Sp LHR" (95% CI)

Size <1.5 mm
Yes 23 (70%) 42 (17%) <0.001 0.35/0.95 7.6 (3.8-15.1)
No 10 (30%) 205 (83%)

Connection with the epidermis
Yes 27 (82%) 229 (93%) 0.048 0.11/0.75 0.4 (0.2-0.9)
No 6 (18%) 18 (7%)

Intra-epidermal component
Yes 0 (0%) 6 (2%) 1 0/0.88 -
No 33 (100%) 241 (98%)

Connection with a hair follicle
Yes 22 (67%) 8 (3%) <0.001 0.73/0.96 16.7 (9-30.9)
No 11 (33%) 239 (97%)

Arborescent architecture
Yes 26 (79%) 36 (15%) <0.001 0.42/0.97 13.1 (6-28.6)
No 7 (21%) 211 (85%)

Cleft between tumour and stroma
Yes 13 (39%) 166 (67%) 0.003 0.07/0.80 0.4 (0.2-0.7)
No 20 (61%) 81 (13%)

Cleft between stroma and dermis
Yes 16 (48%) 18 (7%) <0.001 0.0.47/0.93 6.8 (3.8-12.2)
No 17 (52%) 229 (93%)

Peripheral palisading
Yes 5 (15%) 206 (83%) <0.001 0.41/0.98 17.1 (6.9-42.6)
No 28 (85%) 41 (17%)

Infundibulocystic differentiation
Yes 26 (79%) 72 (29%) <0.001 0.27/0.96 6.9 (3.1-15.3)
No 7 (21%) 175 (71%)

Stromal inflammation
Yes 6 (18%) 194 (79%) <0.001 0.34/0.97 11.3 (4.8-26.2)
No 27 (82%) 53 (21%)

Pigment
Yes 4 (12%) 58 (23%) 0.181 0.13/0.94 2.1 (0.8-5.6)
No 29 (88%) 189 (77%)

Necrosis
Yes 2 (6%) 45 (18%) 0.086 0.13/0.95 3.13 (0.8-12.6)
No 31 (94%) 202 (82%)

Nuclear atypia
Yes 7 (21%) 243 (98%) <0.001 0.87/0.97 31 (14.7-65.1)
No 26 (79%) 4 (2%)

Monster cells
Yes 1 (3%) 5 (2%) 0.532 0.12/0.83 0.7 (0.1-4.3)
No 32 (97%) 242 (98%)

Mucin
Yes 5 (15%) 76 (31%) 0.068 0.14/0.93 2.3(0.9-5.7)
No 28 (85%) 171 (69%)

Calcification
Yes 2 (6%) 28 (11%) 0.55 0.12/0.93 1.9 (0.5-7.4)
No 31 (94%) 219 (89%)

Cholesterol crystals
Yes 0 (0%) 13 (5%) 0.376 0.12/1 -
No 33 (100%) 234 (95%)

BCC, basal cell carcinoma; BFH, basaloid follicular hamartoma; LHR, likelihood ratio; Se, sensitivity; Sp, specificity.
2 The LHR is calculated from the underlined criterion.

6 =
5
4 -
3
2 -
R
BFH BCC B
(n=20) (n=20) (n=20)

Fig. 3. Evaluation of diagnostic criteria on a validation cohort. Sixty cases including basaloid follicular hamartomas (BFHs) (n=20), sporadic basal cell carcinomas
(BCCs) (n=20) and sporadic trichoblastomas (TBs) (n=20) were evaluated by an independent set of dermatopathologists (n=6). For each case, the number of
evaluators who consider that the tumour fulfilled the proposed diagnostic criteria is shown.
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Table 2
Immunohistochemical features of BFH and BCC
BFH (n=10) BCC (n=10) p value

Cytokeratin 20
(number of Merkel cells/mm?)
31-60 2 0 0.087
16-30 1 0
6-15 1 0
1-5 0 0
0 6 10

CD10
Tumour cells 3 7 0.011
Stroma 6 0
No 1 3

EpCAM
Diffuse 3 9 0.02
Heterogeneous 7 1
No 0 0

PHLDA1
(percentage of positive cells)
>50% 0 0 0.15
20-50% 8 3
<20% 1 3
0 1 4

p53
Wild-type profile 10 5 0.033
Mutated profile 0 5

GLI1
Diffuse 9 10 1
No 0
Unavailable 1 0

BCC, basal cell carcinoma; BFH, basaloid follicular hamartoma.
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3.5. Amplification of MYCN and GLI2/3 and TP53 mutations may
contribute to the transformation from BFH to BCC

To determine whether BFH shared the same genetic background as
BCC or may harbour a specific genetic profile, DNA from 10 BFHs and 10
BCCs arising in the same NBCCS patients were submitted to targeted
next-generation sequencing (Fig. 4). Such analyses revealed high TMB in
all cases, with a mean TMB value of 58.6 mutations per megabase for BFH
and 65.5 mutations per megabase for BCC. Among the whole cohort,
most common point mutations were observed in PTCH1 (n=10), KMT2D
(n=10), FAT1 (n=8), SUFU (n=7), NF1 (n=7), LATS1 (n=7), TP53 (n=6),
NOTCH1 (n=6) and PIK3CA (n=6) genes. Recurrent CNVs such as
amplification of MYCN (n=6) and CCND1 (n=5) or loss of RASA1 (n=3)
were detected. Interestingly, mutations in the NOTCH3 (n=3), PIK3CG
(n=3), BRAF (n=2), PDGFRA (n=2) and TRAF7 genes (n=2) were the
recurrent alteration detected only in BFH (n=3) and not in BCC. By
contrast, recurrent pathogenic alterations restricted to the BCC were
mutations in CARD11 (n=3) and amplification in MYCN (n=6), GLI 2
(n=3) and FGFR3 (n=2). Moreover, GLI3 amplification was detected in
one BCC and not in BFH. TP53 mutation was detected in five BCCs and
only in one BFH (p=0.05). Among these alterations, only MYCN (p=0.01)
amplification was statistically more prevalent in BCCs than in BFHs.

4. Discussion

BCC is the only skin tumour currently recognised as a NBCCS diag-
nostic criterion® and mentioned in the NBCCS chapter of the current
World Health Organization classification.>® However, several publica-
tions, including the initial description by Goltz and Gorlin, reported in
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addition to BCC the recurrent onset of tumours with follicular differen-
tiation in NBCCS patients, either referred as trichoepithelioma or follic-
ular basaloid hamartoma.*'>2?12% The present study confirmed that BFHs
represent up to 24% of skin tumours in NBCCS and further suggested that
recognition of BFHs in current practice might contribute to NBCCS
recognition. In this setting, it is interesting to note that all of these cases
were initially diagnosed as BCC by the first pathologists, and over the
same period we did not identify any tumours diagnosed as BFH, tri-
choepithelioma or trichoblastoma in this population. These findings
might be explained by the fact that Gorlin syndrome was mentioned by
the physician in most of the cases, and it is likely that the initial pa-
thologists were prompt to classify the tumours as BCC due to this specific
context. However, when searching for cases diagnosed as tricho-
blastoma/trichoepithelioma in the general population in our institution
during the inclusion period used for the control group, only 10 cases were

identified, again suggesting that tumours with follicular
differentiation are more prevalent in NBCCS patients than in the general
population.

In the initial description of BFH by Brownstein in 1992, the author
reported isolated and multiple/familial forms of a tumour characterised
by: 'small, symmetric, usually 1 to 2 mm in diameter, slightly raised, well-
demarcated epithelial proliferations limited to the upper half of the
dermis and covered by normal epidermis. Within the dermis were thin
anastomosing strands and thicker cords of well-differentiated squamoid
cells (about 90%) and basaloid cells (about 10%)."° However, this
description is close to the one provided by Walsh and Ackerman 2 years
earlier for infundibulocystic BCC, and accordingly these authors
promptly replied to Brownstein that their tumours were actually infun-
dibulocystic BCCs'” and that cases with multiple tumours were in fact
NBCCS patients. Indeed, a generalised form sometimes congenital or
associated with myasthenia gravis and alopecia,”® ¢ a unilateral linear
variant®>*° or an isolated form*!**? of BFH have been reported. Whilst no
genetic characterisation of sporadic lesion is currently available, recent
sequencing analysis of linear’® and generalised'*>***> variants of BFH
revealed frequent alterations of the SHH pathway, suggesting that BFH
and BCC including the infundibulocystic variant belong to a unique
spectrum.

Indeed, mutations of PTCH1, SMO or SUFU resulting in the uncon-
trolled activation of the SHH pathway are the genetic hallmarks of
BCC.*®*” physiologically, the SHH pathway is notably required in the
skin for hair follicle development.*® Accordingly, inactivation of PTCHI
or activation of SMO in the epidermis of transgenic mice®**>! result in
both BCC and trichoepithelioma-like tumour formation, with the latter
harbouring close morphological similarities with BFH observed in
NBCCS patients. In this context, frequent association in NBCCS patients
of BFH and BCC” strongly suggests that BFHs are actually BCC precursors
and that BFH to BCC transformation is dependent on the accumulations
of additional alterations.’ Of note, inactivation of SUFU or presence of an
oncogenic SMO mutation in transgenic mice led to the development of
‘BFH-like’ tumours without subsequent BCC formation.>>°> Accordingly,
Trieu et al. recently demonstrated that inactivation of PTCHI led to the
formation of microscopic 'mascent BCC-like proliferations’ without
tumour formation in mice skin. They also observed that additional
amplification of MYCN and GLI1 and GLI2 as well as TP53 mutations are
required for the formation of macroscopic tumours similar to BCC, with
these findings being in accordance with previous demonstration of lower
SHH activation levels in BFH than in BCC.>>°* In line with these results,
we observed MYCN and GLI2/3 amplifications in BCC, suggesting that in
addition to the PTCH1/SUFU mutations, these acquired secondary events
may enhance SHH activity, thereby contributing to the transformation
from BFH to BCC.

5. Conclusions

To conclude, our study confirms the recurrent onset of BFH in NBCCS
patients. Since no consensual definition has been available until now,
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herein we characterised the morphological, immunohistochemical and
genetic features of these BFHs and established a list of diagnostic criteria.
Evaluation and validation of these criteria on an independent cohort
suggest that they might be used by pathologists in routine practice and
therefore might contribute to better recognition of NBCCS tumours.

Ethics approval

The local Ethics Committee of Human Research of Tours (France)
approved the study (no. ID RCB2009-A01056-51).

Conflicts of interest and sources of funding

The authors state that there are no conflicts of interest to disclose.
This work was supported by Société Francaise de Dermatologie (Bourse
Recherche).

Acknowledgement

The authors thank Pr Andrzej Dlugosz for his help.

Supplementary data

Supplementary data to this article can be found online at https
://doi.org/10.1016/j.pathol.2024.06.013.

References

1. Kimonis VE, Goldstein AM, Pastakia B, et al. Clinical manifestations in 105 persons
with nevoid basal cell carcinoma syndrome. Am J Med Genet 1997;69(3):299-308.

2. Verkouteren B, Cosgun B, Reinders MGHC, et al. A guideline for the clinical
management of basal cell nevus syndrome (Gorlin-Goltz syndrome). Br J Dermatol
2021:186.

3. Gorlin RJ. Nevoid basal-cell carcinoma syndrome. Medicine (Baltimore) 1987;66(2):
98-113.

4. Gorlin RJ, Goltz RW. Multiple nevoid basal-cell epithelioma, jaw cysts and bifid rib.
A syndrome. N Engl J Med 1960;262:908-12.

5. Guerrini-Rousseau L, Smith MJ, Kratz CP, et al. Current recommendations for cancer
surveillance in Gorlin syndrome: a report from the SIOPE host genome working
group (SIOPE HGWG). Fam Cancer 2021;20(4):317-25.

6. Bree AF, Shah MR, Group for the BC. Consensus statement from the first international
colloquium on basal cell nevus syndrome (BCNS). Am J Med Genet A 2011;155(9):
2091-7.

7. Smith MJ, Beetz C, Williams SG, et al. Germline mutations in SUFU cause Gorlin
syndrome-associated childhood medulloblastoma and redefine the risk associated
with PTCH1 mutations. J Clin Oncol 2014;32(36):4155-61.

8. Aszterbaum M, Epstein J, Oro A, et al. Ultraviolet and ionizing radiation enhance the
growth of BCCs and trichoblastoma in patched heterozygous knockout mice. Nat Med
1999;5(11):1285-91.

9. Trieu KG, Tsai SY, Eberl M, et al. Basal cell carcinomas acquire secondary mutations

to overcome dormancy and progress from microscopic to macroscopic disease. Cell

Rep 2022;39(5):110779.

Moulonguet I, Carlotti A, Bessis D, et al. Le navus basocellulaire : un aspect

histologique méconnu caractéristique du syndrome de Gorlin. Ann Dermatol

Vénéreéologie 2011;138(12, Supplement):A228-9.

Moulonguet I, Carlotti A, Avril MF, et al. Syndrome de Gorlin. Etude

histopathologique d’une série de tumeurs cutanées chez des adultes. Ann Dermatol

Vénéréologie 2011;138(12, Supplement):A229.

Ponti G, Manfredini M, Pastorino L, et al. PTCH1 germline mutations and the

basaloid follicular hamartoma values in the tumor spectrum of basal cell carcinoma

syndrome (NBCCS). Anticancer Res 2018;38(1):471-6.

Blanchard G, Yurchenko AA, Pop OT, et al. PTCH1 inactivation is sufficient to cause

basaloid follicular hamartoma in paediatric Nevoid basal cell carcinoma syndrome.

J Eur Acad Dermatol Venereol JEADV 2022;36(11):e954-6.

Chikeka I, Chang LW, Collins MK, et al. Basaloid follicular hamartoma: an additional

criterion of nevoid basal cell carcinoma syndrome. Am J Dermatopathol 2022;44(1):

66-9.

Fernandez-Figueras MT, Malvehi J, Tschandl P, et al. Position paper on a simplified

histopathological classification of basal cell carcinoma: results of the European

Consensus Project. J Eur Acad Dermatol Venereol JEADV 2022;36(3):351-9.

Brownstein MH. Basaloid follicular hamartoma: solitary and multiple types. J Am

Acad Dermatol 1992;27(2 Pt 1):237-40.

Walsh N, Ackerman AB. Basaloid follicular hamartoma: solitary and multiple types.

J Am Acad Dermatol 1993;29(1):125-7.

Honarpisheh H, Glusac EJ, Ko CJ. Cytokeratin 20 expression in basaloid follicular

hamartoma and infundibulocystic basal cell carcinoma. J Cutan Pathol 2014;41(12):

916-21.

10.

11.

12.

13.

14.

15.

16.

17.

18.


https://doi.org/10.1016/j.pathol.2024.06.013
https://doi.org/10.1016/j.pathol.2024.06.013
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref1
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref1
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref1
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref2
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref2
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref2
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref2
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref3
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref3
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref3
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref4
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref4
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref4
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref5
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref5
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref5
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref5
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref6
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref6
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref6
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref6
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref7
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref7
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref7
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref7
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref7
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref8
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref8
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref8
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref8
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref9
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref9
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref9
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref10
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref10
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref10
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref10
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref10
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref10
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref10
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref10
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref10
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref11
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref11
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref11
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref11
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref11
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref11
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref11
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref11
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref11
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref12
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref12
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref12
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref12
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref13
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref13
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref13
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref13
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref14
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref14
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref14
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref14
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref15
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref15
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref15
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref15
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref15
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref16
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref16
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref16
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref17
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref17
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref17
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref18
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref18
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref18
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref18

S. Barbieux et al.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Requena L, Farina MC, Robledo M, et al. Multiple hereditary infundibulocystic basal
cell carcinomas: a genodermatosis different from nevoid basal cell carcinoma
syndrome. Arch Dermatol 1999;135(10).

Nguyen CV, Rubin Al, Smith A, et al. Retrospective analysis of the histopathologic
features of basal cell carcinomas in pediatric patients with basal cell nevus syndrome.
J Cutan Pathol 2021;48(3):390-5.

Walsh N, Ackerman AB. Infundibulocystic basal cell carcinoma: a newly described
variant. Mod Pathol 1990;3(5):599-608.

Lortscher DN, Sengelmann RD, Allen SB. Acrochordon-like basal cell carcinomas in
patients with basal cell nevus syndrome. Dermatol Online J 2007;13(2):21.

Besagni F, Dika E, Ricci C, et al. Basaloid follicular hamartomas in pediatric basal cell
nevus syndrome: a diagnostic challenge. J Dermatol 2021;48(7):1101-5.

Wilson MC, Henderson MC, Smetana GW. Chapter 5. Evidence-based clinical
decision making. In: Henderson MC, Tierney LM Jr, Smetana GW, editors. The patient
history: an evidence-based approach to differential diagnosis. The McGraw-Hill
Companies; 2012.

Kervarrec T, Samimi M, Hesbacher S, et al. Merkel cell polyomavirus T antigens
induce Merkel cell-like differentiation in GLI1-expressing epithelial cells. Cancers
2020;12(7):1989.

Kervarrec T, Berthon P, Thanguturi S, et al. Reevaluation of GLI1 expression in skin
tumors. Am J Dermatopathol 2021;43(10):759.

Mahmoodi M, Asad H, Salim S, Kantor G, et al. Anti-cytokeratin 20 staining of Merkel
cells helps differentiate basaloid proliferations overlying dermatofibromas from basal
cell carcinoma. J Cutan Pathol 2005;32(7):491-5.

Leblebici C, Bambul Sigirci B, Kelten Talu C, et al. CD10, TDAG51, CK20, AR, INSM1,
and nestin expression in the differential diagnosis of trichoblastoma and basal cell
carcinoma. Int J Surg Pathol 2019;27(1):19-27.

Heidarpour M, Rajabi P, Sajadi F. CD10 expression helps to differentiate basal cell
carcinoma from trichoepithelioma. J Res Med Sci 2011;16(7):938-44.

Sunjaya AP, Sunjaya AF, Tan ST. The use of BEREP4 immunohistochemistry staining
for detection of basal cell carcinoma. J Skin Cancer 2017;2017:2692604.

Sellheyer K, Krahl D. PHLDA1 (TDAG51) is a follicular stem cell marker and
differentiates between morphoeic basal cell carcinoma and desmoplastic
trichoepithelioma. Br J Dermatol 2011;164(1):141-7.

Sellheyer K, Nelson P. Follicular stem cell marker PHLDA1 (TDAG51) is superior to
cytokeratin-20 in differentiating between trichoepithelioma and basal cell carcinoma
in small biopsy specimens. J Cutan Pathol 2011;38(7):542-50.

Cole AJ, Dwight T, Gill AJ, et al. Assessing mutant p53 in primary high-grade serous
ovarian cancer using immunohistochemistry and massively parallel sequencing. Sci
Rep 2016;6:26191.

Landis JR, Koch GG. An application of hierarchical kappa-type statistics in the
assessment of majority agreement among multiple observers. Biometrics 1977;33(2):
363-74.

Granter SR, Evans DG, Sekulic A. Naevoid basal cell carcinoma syndrome (Gorlin
syndrome). In: WHO classification of skin tumours. Lyon: IARC; 2018.

56

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Pathology 57 (2025) 49-56

Brownstein MH. Basaloid follicular hamartoma: solitary and multiple types. J Am
Acad Dermatol 1992;27(2 Pt 1):237-40.

Akasaka T, Kon S, Mihm MC. Multiple basaloid cell hamartoma with alopecia and
autoimmune disease (systemic lupus erythematosus). J Dermatol 1996;23(11):821-4.
Lee PL, Lourduraj LT, Palko MJ, et al. Hereditary basaloid follicular hamartoma
syndrome. Cutis. 2006;78(1):42-6.

Jiménez-Acosta FJ, Redondo E, Baez O, et al. Linear unilateral basaloid follicular
hamartoma. J Am Acad Dermatol 1992;27(2 Pt 2):316-9.

Jain S, Khopkar U, Sakhiya J. Localized unilateral basaloid follicular hamartoma
along Blaschko’s lines on face. Indian J Dermatol Venereol Leprol 2019;85(1):60-4.
Go JW, Oh HE, Cho HK, et al. A case of basaloid follicular hamartoma. Ann Dermatol
2010;22(2):229-31.

Jakobiec FA, Zakka FR, Kim N. Basaloid follicular hamartoma of the eyelid. Ophthal
Plast Reconstr Surg 2012;28(5):e127-30.

Atzmony L, Ugwu N, Bercovitch LG, et al. Segmental basaloid follicular hamartomas
derive from a post-zygotic SMO p.L412F pathogenic variant and express hair follicle
development-related proteins in a pattern that distinguish them from basal cell
carcinomas. Am J Med Genet A 2022;188(12):3525-30.

Shevchenko A, Durkin JR, Moon AT. Generalized basaloid follicular hamartoma
syndrome versus Gorlin syndrome: a diagnostic challenge. Pediatr Dermatol 2018;
35(6):e396-7.

Lovgren ML, Zhou Y, Hrckova G, et al. Happle-Tinschert, Curry-Jones and segmental basal
cell naevus syndromes, overlapping disorders caused by somatic mutations in hedgehog
signalling genes: the mosaic hedgehog spectrum. Br J Dermatol 2020;182(1):212-7.
Ling G, Ahmadian A, Persson A, et al. PATCHED and p53 gene alterations in sporadic
and hereditary basal cell cancer. Oncogene 2001;20(53):7770-8.

Bonilla X, Parmentier L, King B, et al. Genomic analysis identifies new drivers and
progression pathways in skin basal cell carcinoma. Nat Genet 2016;48(4):398-406.
Perdigoto CN, Dauber KL, Bar C, et al. Polycomb-mediated repression and Sonic
Hedgehog signaling interact to regulate Merkel cell specification during skin
development. PLoS Genet 2016;12(7):e1006151.

Mancuso M, Pazzaglia S, Tanori M, et al. Basal cell carcinoma and its development:
insights from radiation-induced tumors in Ptch 1-deficient mice. Cancer Res 2004;
64(3):934-41.

Youssef KK, Van Keymeulen A, Lapouge G, et al. Identification of the cell lineage at
the origin of basal cell carcinoma. Nat Cell Biol 2010;12(3):299-305.

Grachtchouk V, Grachtchouk M, Lowe L, et al. The magnitude of hedgehog signaling
activity defines skin tumor phenotype. EMBO J 2003;22(11):2741-51.

Svérd J, Heby-Henricson K, Persson-Lek M, et al. Genetic elimination of Suppressor
of fused reveals an essential repressor function in the mammalian Hedgehog
signaling pathway. Dev Cell 2006;10(2):187-97.

Grachtchouk V, Grachtchouk M, Lowe L, et al. The magnitude of hedgehog signaling
activity defines skin tumor phenotype. EMBO J 2003;22(11):2741-51.

Jih DM, Shapiro M, James WD, et al. Familial basaloid follicular hamartoma: lesional
characterization and review of the literature. Am J Dermatopathol 2003;25(2):130-7.


http://refhub.elsevier.com/S0031-3025(24)00230-7/sref19
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref19
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref19
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref19
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref20
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref20
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref20
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref20
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref21
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref21
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref21
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref22
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref22
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref23
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref23
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref23
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref24
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref24
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref24
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref24
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref25
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref25
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref25
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref26
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref26
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref27
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref27
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref27
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref27
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref28
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref28
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref28
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref28
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref28
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref29
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref29
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref29
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref30
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref30
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref31
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref31
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref31
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref31
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref32
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref32
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref32
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref32
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref33
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref33
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref33
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref34
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref34
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref34
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref34
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref35
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref35
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref36
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref36
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref36
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref37
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref37
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref37
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref38
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref38
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref38
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref39
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref39
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref39
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref39
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref40
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref40
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref40
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref41
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref41
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref41
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref42
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref42
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref42
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref43
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref43
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref43
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref43
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref43
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref44
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref44
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref44
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref44
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref45
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref45
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref45
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref45
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref45
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref45
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref46
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref46
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref46
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref47
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref47
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref47
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref48
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref48
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref48
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref49
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref49
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref49
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref49
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref50
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref50
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref50
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref51
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref51
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref51
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref52
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref52
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref52
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref52
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref52
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref53
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref53
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref53
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref54
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref54
http://refhub.elsevier.com/S0031-3025(24)00230-7/sref54

	Re-evaluation of the concept of basaloid follicular hamartoma associated with naevoid basal cell carcinoma syndrome: a morp ...
	1. Introduction
	2. Methods
	2.1. Patients
	2.2. Design of the study
	2.3. Clinical data
	2.4. Immunochemistry
	2.5. Molecular analysis
	2.6. Statistical analyses

	3. Results
	3.1. High prevalence of BFH in NBCCS patients
	3.2. Identification of morphological criteria to distinguish BFH from BCC
	3.3. BFH recognition is relevant to the NBCCS diagnosis
	3.4. BFH arising in NBCCS harboured activation of the SHH pathway and immunohistochemical features distinct from BCC
	3.5. Amplification of MYCN and GLI2/3 and TP53 mutations may contribute to the transformation from BFH to BCC

	4. Discussion
	5. Conclusions
	Ethics approval
	Conflicts of interest and sources of funding
	Acknowledgement
	Supplementary data
	References


