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INTRODUCTION
Nevoid basal cell carcinoma syndrome (NBCCS) is an auto-
somal dominant disorder caused by mutations in PTCH, the 
tumor suppressor and human homologue of the Drosophila 
patched gene.1,2 Also known as Gorlin Syndrome and basal cell 
nevus syndrome (OMIM no. 109400), the syndrome is charac-
terized primarily by basal cell carcinomas (BCCs), odontogenic 
keratocysts of the jaw, palmar/plantar pits, ectopic calcification 
of the falx cerebri, macrocephaly, and skeletal abnormalities 
such as bifid ribs, wedge-shaped vertebrae, and a short fourth 
metacarpal.3–8 The estimated prevalence of the syndrome is  
1 per 30,000 individuals.9

Essentially complete penetrance has been observed with the 
syndrome, but expressivity is highly variable within and across 
families.10 The high degree of variation in expressivity of clini-
cal features in NBCCS patients has been reported by numer-
ous researchers.5,11–14 Established diagnostic criteria5,6,14 are 
informative when evaluating adults; however, children often 
do not display the most common symptoms until their teenage 
years. The presence of BCC as a diagnostic criterion15 is subop-
timal in the pediatric population.14 Lo Muzio et al.3 noted that 
BCCs usually do not proliferate until puberty, and other signs 
such as jaw cysts are detected only after the clinical situation 
has progressed. Amlashi et al.16 reported children presenting 
with medulloblastomas before developing BCC.

We have earlier reported on the characteristic clinical and 
radiological findings of NBCCS in a population consist-
ing mainly of adults.5,14 The aim of this study was to describe 
the prevalence of the clinical features of NBCCS in a young 
population.

MATERIALS AND METHODS
Patients were recruited at the National Institutes of Health 
between 1985 and 1994 under a National Institute of Arthritis 
and Musculoskeletal and Skin Diseases protocol. The study was 
approved by the National Institutes of Health Institutional Review 
Board and appropriate consent was obtained for each patient. 
Twenty-six families were studied, encompassing 30 affected chil-
dren and teenagers and 75 affected adults. A child/teenager was 
defined as anyone younger than the age of 20 years.

Participants were given detailed dysmorphology, dermato-
logical, and radiographic examinations; however, a complete 
panel of examinations was not performed on every study par-
ticipant due to logistical constraints. Radiography included the 
skull, ribs, spine, hands, feet, long bones, and pelvis. Dental 
evaluation included a panorex film. Brain imaging was obtained 
with magnetic resonance imaging and computed tomography 
scans. Females underwent a pelvic ultrasound.

A diagnosis of NBCCS was established if two major or one 
major and two minor criteria were satisfied. Major diagnostic 
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Purpose: Nevoid basal cell carcinoma syndrome is an autosomal 
dominant disorder characterized by multiple basal cell carcinomas, 
jaw cysts, palmar/plantar pits, spine and rib anomalies, and falx cere-
bri calcification. Current diagnostic criteria are suboptimal when 
applied to pediatric populations, as most common symptoms often 
do not begin to appear until teenage years.

Methods: We studied minor and major clinical features in 30 
children/teenagers and compared the findings with 75 adults from  
26 families with nevoid basal cell carcinoma syndrome.

Results: Fifty percent of children/teenagers and 82% of adults had 
at least one basal cell carcinoma. Jaw cysts occurred in 60% of chil-
dren/teenagers and 81% of adults. Palmar/plantar pits were the most 
frequent feature seen in affected individuals at all ages. Macrocephaly 
was seen in 50% of affected and 8% of unaffected children/teenagers. 
Frontal bossing, hypertelorism, Sprengel deformity, pectus deformity, 

and cleft lip/palate were seen among affected children/teenagers but 
not among their unaffected siblings. Falx calcification, the most fre-
quent radiological feature, was present in 37% of individuals <20 and 
79% of those >20 years.

Conclusion: We report clinical and radiological manifestations of 
nevoid basal cell carcinoma syndrome in children/teenagers, many of 
whom lacked major features such as basal cell carcinomas, jaw cysts, 
and falx calcification. Evaluations for palmar/plantar pits, craniofa-
cial features, and radiological manifestations permit early diagnosis 
and optimum surveillance.
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criteria included more than two BCCs or at least one before 
the age of 20, keratocysts of the jaw, palmar/plantar pits, lamel-
lar calcification of falx cerebri, rib anomalies, ovarian fibromas, 
medulloblastoma, and flame-shaped lucencies of the phalanges. 
Minor criteria included spina bifida occulta and other vertebral 
anomalies, brachymetacarpaly, hypertelorism/telecanthus, and 
frontal bossing.5 An affected first-degree relative was consid-
ered a major criterion of NBCCS.5 Statistical analysis was per-
formed using SPSS 6.1 (IBM, Armonk, NY) for Windows. A 
cross-table analysis of the clinical features in affected and unaf-
fected individuals in both the <20 and >20 years age groups was 
performed, in addition to calculating means for continuous 
variables. Statistical significance (using the Pearson test for cat-
egorical variables and the t-test for continuous variables) was 
demonstrated when a P value of <0.05 was obtained. Kaplan–
Meier analysis was used to evaluate the probability of onset at 
different ages for several clinical findings.

RESULTS
We studied 26 families with 30 affected children and teenagers 
ranging in age from 4 months to 19 years (mean 11.3 years; 
male to female ratio 1:1). Twenty-five unaffected siblings from 
these families were also evaluated as a comparison population. 

Their ages ranged from 5.5 to 19.5 years (mean 12.1 years; 
male to female ratio 1:1.8). Table 1 provides a summary of the 
demographic characteristics of the study population.

As compared with the affected adults (ranging in age from 
20 to 87 years), not surprisingly, affected children and teen-
agers displayed lower frequencies of the major clinical fea-
tures. When the population studied was segregated between 
those <20 years and ≥20 years of age, 50% of children and 
teenagers (<20 years) and 82% of those ≥20 years had one 
or more BCCs. Jaw cysts occurred in 60% of children/teen-
agers and 81% of adults, with the number of cysts ranging 
from 1 to 6 (median 3) and 1 to 28 (median 5), respec-
tively. Kaplan–Meier analysis of the entire NBCC popula-
tion (including Caucasian, African-American, and Hispanic 
families) studied indicated that 50% of individuals devel-
oped their first BCC by age 21.5 years and their first jaw cyst 
by 15 years. Palmar and plantar pits (Figure 1) were seen 
at the same high frequency in both children/teenagers and 
adults (90 and 86%, respectively). The data are summarized 
in Figure 2.

As compared with their unaffected siblings, there was a 
statistically significant difference in the presence of cranio-
facial abnormalities such as macrocephaly, frontal bossing, 
strabismus, and palate abnormalities (excluding cleft palate) 
in affected children/teenagers. Hypertelorism and synophrys 
were observed in 38% of affected children/teenagers and 15 
and 13%, respectively, in unaffected siblings. This finding 
approached, but did not meet, statistical significance (P = 0.08). 
(Figures 1 and 3 illustrate some of the characteristic features of 
juvenile NBCCS in affected young individuals.) Radiological 
features that were observed to occur in a significantly higher 
frequency in affected children and teenagers included bridged 
sella, ectopic calcification of the falx, and bifid ribs. Sprengel 
deformities were also observed more frequently in affected 
children and teenagers (Table 2).

Some features were only observed in affected children and 
teenagers. These include ectopic calcification of the tento-
rium cerebellum, fused or splayed ribs, hemivertebrae, fusion 
of the vertebral bodies, flame-shaped lucencies, modeling 
defects of the hands and feet, and pectus deformities (Table 2). 

Table 1  Demographic characteristics of the study 
population

Affected children/
teenagers

Unaffected 
siblings

P value

n = 30 n = 25

Mean age (years) 11.3 12.1

n (%)   n (%)

Gender

  Males 15 (50) 16 (64) 0.3

  Females 15 (50)   9 (36)

Race/ethnicity

  Caucasian 26 (87) 20 (80) 0.79

  African-American   3 (10)   4 (16)

  Mexican-American 1 (3) 1 (4)

Figure 1  Palmar and plantar pits in juvenile patients with nevoid basal cell carcinoma syndrome.
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Figure 2  Observed frequencies of the major clinical features in children/teenagers and adults with nevoid basal cell carcinoma syndrome.
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Interestingly, the frequencies of scoliosis, cervical ribs, absence 
of ribs or rudimentary ribs, spina bifida occulta, or short fourth 
metacarpal were not increased in affected individuals as com-
pared with their unaffected siblings. Table 2 provides a more 
complete overview of the data.

DISCUSSION
We studied minor and major clinical features of NBCCS in 30 
children/teenagers and 75 adults with NBCCS from 26 fami-
lies in an attempt to improve the current diagnostic criteria in 
the pediatric population. We found that many affected chil-
dren/teenagers lacked major features such as BCCs, jaw cysts, 
and falx calcification. The presence of palmar/plantar pits was 
a useful diagnostic feature as it was displayed at the same high 
frequency in children/teenagers and adults. Other important 
manifestations in the affected children and teenagers include 
palatal abnormalities, macrocephaly, and bridged sella, all of 
which were prevalent in at least 50% of young patients.

Molecular testing was performed earlier in 199817 in a subset 
of this cohort by di-deoxy fingerprinting, and mutations were 
identified in 10 of 15 families comprising of 37 individuals. 
Mutations were identified in only eight children, thus making 
any statistical conclusions impossible for this study. This test-
ing was designed as a screening tool for mutations and many 
may have been missed by this method.

Most NBCCS diagnoses in children are made on the basis of 
clinical diagnostic criteria,5 even with the clinical availability of 
PTCH mutation analysis. Although PTCH has been identified 
as the gene causing NBCCS and mutations in PTCH can con-
firm a clinical diagnosis, molecular genetic testing has not been 

able to detect mutations in all affected individuals.17–21 Bale et 
al.17,22 found that families with a history of multiple NBCCS 
features were more likely to have a detectable mutation; never-
theless, mutations were detected in only 40% of families tested 
in the study.22 This failure to detect a mutation is likely due 
to the limitations of available technology, as well as the high 
rate of somatic mutations, rather than the presence of other 
causative genes. More recent use of technologies such as mul-
tiplex ligation-dependent probe amplification and competitive 
genomic hybridization array help identify single or multiple 
exon deletions in PTCH that were previously undetectable by 
direct sequencing of exons and splice junctions.17,23

Jones et al.24 recently evaluated 202 individuals with Gorlin 
syndrome and reported PTCH mutations in 61% of individuals 
tested. They determined that there was no genotype/phenotype 
correlation, and also found that the age at which BCCs first 
develop and the total number of BCCs had no association with 
the presence or absence of a mutation, or the mutation type. 
Although it can be argued that the combination of detailed 
physical and radiographical examination in children suspected 
of NBCCS approximates the cost of DNA testing, in reality, the 
reported detection frequency falls between 50 and 85%.25 It has 
been shown that one of the reasons for failure of genetic testing 
is somatic mosaicism. It is estimated that ~20–30% of NBCCS 
cases are de novo, and some of these will result in somatic 
mosaicism.24 The stage of development in which the somatic 
mutation occurred will affect the proportion of affected cells, 
and a blood test for mutation analysis therefore may not detect 
such mutations.24 In addition, some failures may be caused by 
clinical misdiagnoses.



82 Volume 15  |  Number 1  |  January 2013  |  Genetics in medicine

KIMONIS et al  |  Common NBCCS features in young individualsORIGINAL RESEARCH ARTICLE

We believe that molecular testing is a valuable part of an 
NBCCS diagnosis; however, many patients still face barriers 
to molecular testing for various reasons including cost and 
limitations of insurance coverage. Therefore, thorough clini-
cal diagnostic criteria are critical. Our study compared clinical 
features in affected individuals with their unaffected siblings 
and provides useful guidelines on the utility of clinical evalua-
tions in the diagnosis of NBCCS.

Kimonis et al.5 have noted that the most prevalent clini-
cal features in NBCCS, BCCs and jaw cysts, typically do not 
develop until the teenage years, and therefore it is difficult to 
diagnose affected children using the standard criteria. Palmar 
and plantar pits, in conjunction with radiological and other 
clinical data, are more indicative of the disorder than BCCs 
in young individuals.14 Recognized craniofacial abnormali-
ties such as macrocephaly (50%), frontal bossing (45%), pal-
atal abnormalities (53%), strabismus (25%), hypertelorism 
and synophrys (38%), and skeletal findings such as pectus 
and Sprengel deformity may suggest a diagnosis of NBCCS. 

Important radiological signs include ectopic calcification of 
the falx with an increasing incidence over time, bridged sella, 
bifid ribs, hemivertebrae, fusion of the vertebral bodies, flame-
shaped lucencies of the hands and feet, and modeling defects. 
Although not statistically significant in our study due to small 
sample size, many of these features are notable in that they were 
present only in affected teenagers. Their occurrence therefore 
lends suspicion to a diagnosis of NBCCS.

To maximize these diagnostic indicators, young individu-
als at risk should undergo careful clinical evaluations for 
palmar/plantar pits and suggestive dysmorphic features, as 
well as baseline radiological examinations, particularly of the 
skull, chest and ribs, spine, and hands and feet. Regular dental 

Figure 3. C raniofacial manifestations of nevoid basal cell carcinoma 
syndrome (NBCCS). (a) Macrocephaly, synophrys, epicanthic folds, basal cell 
nevi, and (b) micrognathia in a young girl with juvenile NBCCS. The patient 
provided assent for the use of her photographs in this article, and her mother 
provided consent.

a

b

Table 2  Clinical features of nevoid basal cell carcinoma 
syndrome in the study population

Affected 
children/
teenagers

Unaffected 
siblings

P value

n (%) n (%)

Craniofacial features

  Frontal bossing 13/29 (45) 0/24 (0) <0.01a

  Macrocephaly 15/30 (50) 2/24 (8) 0.01a

  Hypertelorism 10/26 (38)   3/20 (15) 0.08

  Synophrys 11/29 (38)   3/24 (13) 0.07

  Strabismus   7/28 (25) 0/24 (0) 0.02a

  Cleft palate 2/30 (7) 0/25 (0) 0.18b

  Other palate  
  abnormalities

16/30 (53)   5/25 (20) <0.01a

Skeletal features

  Pectus deformities   4/24 (15) 0/21 (0) 0.06b

  Sprengel deformities   5/28 (18) 0/20 (0) 0.04a

  Syndactyly of 2/3 toes   4/28 (14) 2/23 (9) 0.71

  Short fourth metacarpal 11/27 (41)   8/20 (40) 0.93

Measurements  
(mean Z-score)

n = 20 n = 18

  Head circumference 1.99 0.13 <0.01a

  Height 0.75 0.09 0.18

Chest X-rays

  Bifid ribs   8/28 (29) 0/15 (0) 0.02a

  Fused/splayed ribs 2/28 (7) 0/15 (0) 0.25b

Spine X-rays

  Hemivertebrae 2/22 (9) 0/16 (0) 0.21

  Scoliosis   5/24 (21) 1/16 (6) 0.20

  Fusion of the vertebral  
  bodies

2/22 (9) 0/16 (0) 0.21b

Hand and foot X-rays

  Flame-shaped lucencies   4/25 (16) 0/16 (0) 0.09b

  Modeling defects 1/12 (8) 0/15 (0) 0.80b

aStatistically significant at the 0.05 level. bNot statistically significant but seen 
only in affected individuals.



83Genetics in medicine  |  Volume 15  |  Number 1  |  January 2013

Common NBCCS features in young individuals  |  KIMONIS et al ORIGINAL RESEARCH ARTICLE

surveillance, including imaging of the jaw, should be obtained 
annually in at-risk individuals to identify jaw cysts. Of note, 
care must be taken to avoid overexposure to radiation, which 
has been shown to cause increased tumor growth in affected 
individuals.5,16,26 Magnetic resonance imaging is theoretically a 
superior surveillance tool to panorex X-rays; however, due to 
the higher cost of magnetic resonance imaging and the need 
for sedation in young children, panorex may well be a bet-
ter first-line screen and magnetic resonance imaging can be 
used to further evaluate internal composition and structure 
of observed lesions.27,28 Exposure to sunlight should be mini-
mized,29 and regular dermatological surveys should begin in 
childhood.

This study reports the varied clinical and radiological mani-
festations of NBCCS in children and teenagers. In the absence 
of major features such as BCCs, jaw cysts, or falx calcification, 
screening for palmar/plantar pits, craniofacial features, spe-
cific radiological manifestations, and molecular testing of the 
PTCH gene facilitates the diagnosis in children and teenagers. 
Increased appreciation of the prevalence and likely predictors 
of NBCCS are important, either as an alternative or prescreen-
ing for molecular testing. Improved diagnostic indicators are 
especially important in children/teenagers because of the 
potential of avoiding complications of BCC.
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