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ABSTRACT
Basal cell carcinoma (BCC) is the most common human 
malignant neoplasm. However, there are multiple BCC 
subtypes that share clinical features while demanding 
different management. We present a case of a woman 
with hundreds of BCCs throughout her body that were 
resistant to vismodegib and without other features 
of basal cell nevus syndrome. Histological results of 
biopsies taken from various sites revealed three lesions 
characteristic of infundibulocystic BCCs (IBCCs) and 
two BCCs. Paired whole-exome sequencing performed 
using DNA isolated from blood and one of her IBCCs 
uncovered a germline heterozygous SUFU (Suppressor 
of Fused) mutation. The downstream location of SUFU 
in the hedgehog pathway explains why its mutation 
results in IBCCs that will not respond to any therapeutics 
that target upstream components of SUFU. These results 
capture the significance of histological and genetic 
analysis in directing treatment.

Introduction
Basal cell carcinomas (BCCs) arise from aberrant 
activation of the hedgehog (Hh) signaling pathway, 
a highly conserved evolutionary pathway crucial 
for the differentiation of embryonic structures 
such as the central nervous, integumentary and 
musculoskeletal systems.1 2 Within this pathway, 
Hh ligands bind to tumour suppressor PTCH1, 
relieving PTCH1’s inhibitory effect on the protein, 
smoothened (SMO).3 Active SMO promotes the 
dissociation of glioma-associated oncogene homo-
logues (GLIs) from SUFU (Suppressor of Fused), a 
tumour suppressor and negative regulator of the 
Hh pathway. This results in the activation of GLI 
transcription factors and initiates cell growth.4 
Upregulation of this pathway, primarily via loss-
of-function mutations in PTCH1, is responsible for 
BCCs and nevoid basal cell carcinoma syndrome 
(Gorlin syndrome), a disorder characterised by 
multiple BCCs, skeletal abnormalities and predis-
position to numerous tumours.5 6

Until recently, treatment mostly consisted of 
surgical modalities such as Mohs micrographic 
surgery (MMS).7 In 2012 and 2015, the US Food 
and Drug Administration (FDA) approved vismo-
degib and sonidegib, respectively, for treating 
locally advanced or metastatic BCCs.8 9 Both bind to 
and inhibit SMO, interfering with the Hh pathway 
and attenuating tumour growth.10 Here, we discuss 
a patient who presented with what appeared to 
be multiple BCCs resistant to vismodegib. Our 

findings illustrate the importance of using histology 
and genetic analysis to guide management.

Case presentation
A woman in her 70s with a history of hundreds of 
rough and raised papules was referred for genetic 
investigation. She first noticed the pearly-pink 
and skin-coloured lesions when she was 38. Often 
accompanied by soreness and flaking before disap-
pearing then reappearing, the papules occurred 
throughout her body, including torso and vulva, 
but most commonly appeared on the scalp, neck, 
face, back and hands. Her medical history is unre-
markable. She had never been exposed to radiation 
or ingested arsenic. Family history is significant for 
a first cousin on her mother’s side with a similar 
presentation of multiple papules and two sons with 
congenital ocular motor apraxia, a characteristic 
shared with syndromes caused by an impaired Hh 
pathway, such as Joubert syndrome.11 The pheno-
type has also been observed in four children from 
two unrelated families with the SUFU mutation.1 
Despite an absence of extracutaneous features and 
an atypical lesion distribution, she was originally 
diagnosed with trichoepitheliomas (TEs).

On examination, she had no palmar or plantar 
pits, jaw keratocysts, facial dysmorphology, devel-
opmental delay or other features suggestive of 
Gorlin syndrome.

Histopathological examination of individual 
pearly papules and plaques revealed either super-
ficial BCCs or infundibulocystic BCCs (IBCCs) 
(figure  1). During this time, she had been 
treated with photodynamic therapy, MMS and 
5-fluorouracil cream.

In early 2018, she initiated therapy with 150 mg 
of vismodegib daily. After a year of treatment, 
the size and number of her tumours had still not 
decreased. Instead, she experienced side effects of 
alopecia, muscle cramps and dysgeusia, which led 
to a 32 kg weight loss.

Faced with drug resistance and an increasing 
tumour burden, the patient gave written informed 
consent for genetic analysis at Yale University.

Methods and results
Paired whole-exome sequencing was performed 
using genomic DNA isolated from blood and biopsy 
of one of her IBCCs. No somatic mutations were 
identified. Plotting B-allele frequency across the 
genome demonstrated a segment of loss of hetero-
zygosity (LOH) on chromosome 10 extending from 
position 53.4 Mbs to 135.4 Mbs. Copy number 
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Figure 1  Histological features of infundibulocystic basalcell 
carcinomas (IBCCs). IBCCs with characteristic horn cysts within basaloid 
neoplasms composed of buds and cords with connections to the 
overlying epidermis (H&E, magnification ×10).

Table 1  Exome sequencing statistics

Sample Germline mutation

No of reads in blood No of reads in infundibulocystic BCC

Somatic mutationRef. Non-ref. Ref. Non-ref.

MOS100 SUFU c.1093C>T, p.Q365X 38 47 14 110 CN-LOH Chr10:53.4 Mb-135.4Mb*

*SUFU spans Chr 10:102 503 987–102 633 535.
BCC, basal cell carcinoma; CN-LOH, copy-neutral loss of heterozygosity; non-ref, non-reference reads; ref, reference reads; SUFU, Suppressor of Fused.

Figure 2  Germline heterozygous SUFU (Suppressor of Fused) 
mutation underlies non-syndromic multiple infundibulocystic basal cell 
carcinomas. Plot of B-allele frequency differences between affected 
tissue and saliva demonstrates somatic loss of heterozygosity on 
chromosome 10q that extends from 53.45 Mbs to 135.37 Mbs and 
contains the SUFU gene. (A) Dashed vertical lines separate individual 
chromosomes. (B) Sanger sequencing traces show heterozygous 
germline c.1093 C>T, p.Q365X mutation in SUFU. (C) This mutation is 
enriched in the affected tissue.

analysis of whole-exome sequencing data suggested a copy-
neutral LOH. Analysis of germline variants within the LOH 
region revealed a heterozygous c.1093C>T, p.Q365X mutation 
in the SUFU (OMIM 607035) gene (table 1). Sanger sequencing 
confirmed the heterozygosity of SUFU mutation in blood as well 
as its enrichment in the tumour (figure 2).

We took biopsies of different tumours from the patient’s neck, 
scalp, forehead, arm and chest. Three lesions were characteristic 
of IBCCs; the other two were consistent with BCCs (figure 1).

Discussion and conclusion
This case illustrates the importance of investigating the histolog-
ical subtype of a patient’s BCCs and performing genetic analysis 
before initiating vismodegib therapy. Through histological eval-
uation and discovery of a germline SUFU mutation, we conclude 
that the patient has multiple hereditary infundibulocystic basal 
cell carcinoma syndrome (MHIBCC), a rare yet distinct clinico-
pathological variant of BCC lacking the typical features of Gorlin 
syndrome.12 To our knowledge, there is only one other reported 
case of MHIBCC with vismodegib resistance.13 In addition to 
histological similarities, the prior case also shares many clinical 
features with ours, including onset in adulthood and numerous 
papules on face and vulva.12 Clinical features alone are not suffi-
cient to guide treatment because there is often clinical overlap 
among the different BCC subtypes. For instance, our patient was 
originally diagnosed with TEs, which are clinically challenging 
to distinguish from IBCCs. According to established criteria 
for differentiating between the two, TEs have abundant fibrous 
stroma but the stroma in our patient’s biopsy had few fibrocytes 
present.14 Distinguishing among the different subtypes of BCCs 
is crucial in guiding treatment decisions as each subtype has a 
different prognosis.15

Genetic analysis is also fundamental to determining proper 
management. Our investigation uncovered a germline SUFU 
mutation, a crucial piece of information that would have elim-
inated vismodegib as one of her treatment options. Vismo-
degib is ineffective in SUFU-associated IBCCs because SUFU is 

downstream of the drug’s target, SMO, in the Hh pathway. A 
loss-of-function SUFU mutation disrupts the normal inhibitory 
effect of SUFU protein on GLI transcription factors, resulting in 
overactivation of target genes.16 Genetic testing before starting 
treatment would have saved the patient from the unneces-
sary side effects of 32 kg weight loss, loss of taste, cramps and 
alopecia.

The main treatment option for our patient now is MMS every 
few months. Since this presents a formidable cosmetic, phys-
ical and financial burden, it is worth considering other treat-
ment modalities. GLI inhibitors like GLI antagonists and arsenic 
trioxide (ATO) have been developed as alternative options.17 
In addition, although commonly used for its antifungal prop-
erties, itraconazole is a possible therapeutic option for BCCs 
given that a small trial revealed anti-BCC activity in humans.18 
This finding may be explained by the fact that itraconazole is 
a potent Hh pathway inhibitor regardless of PTCH1 or SUFU 
mutation status.2 19 ATO combined with itraconazole may also 
be a therapeutic consideration since three out of five patients 
who tried the combination therapy in a small study experienced 
stable disease despite multiple adverse events.20 Indeed, further 
research and trials are needed on these alternative therapies.

We present our case to heighten awareness that although the 
subtypes of BCCs are difficult to distinguish clinically, not all 
should be treated equally. If a patient displays primary resistance 
to drug therapy, the clues to the mechanism can be revealed 
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through histopathological investigation and genetic analysis, 
which can then more effectively guide therapy.

Handling editor  Runjan Chetty.
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