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Nevoid basal cell carcinoma syndrome (NBCCS) is characterized
by developmental defects and tumorigenesis. The clinical man-
ifestations of NBCCS have been reported in large epidemiolog-
ical studies from the United States, the United Kingdom, and
Australia, but not from an Asian country. We conducted a
nationwide survey and identified 311 NBCCS patients in Japan.
We investigated the detailed clinical manifestations of 157
patients ranging in age from 9 months to 77 years old (mean:
33.1years). We then compared the frequency and age of onset for
various tumors developed in Japanese NBCCS patients with
patients from the three countries listed above in which NBCCS
studies were previously conducted. Our most significant finding
was the low frequency of basal cell carcinoma (BCC) in Japanese
patients. Frequency of BCC in patients over 20 years of age
was 51.4%, a much lower rate compared to the United States,
Australia, and the United Kingdom (91%, 85%, and 73%,
respectively). The mean age of BCC onset was 37.4 years of
age, a much older age compared to the above-mentioned coun-
tries. These findings suggest that differences in ethnicity and/or
environmental factors affect the incidence of BCC. Because the
age of BCC onset is generally higher in Japanese NBCCS patients,
careful skin examination over a prolonged period of time is
warranted. © 2012 Wiley Periodicals, Inc.

Key words: nevoid basal cell carcinoma syndrome; basal cell
carcinoma; keratocystic odontogenic tumor; Gorlin syndrome

INTRODUCTION

Nevoid basal cell carcinoma syndrome (NBCCS; OMIM 109400) or
Gorlin syndrome is an autosomal dominant disorder characterized
by developmental defects including bifid ribs, palmar or plantar
pits, and tumors, such as basal cell carcinoma (BCC), medullo-
blastoma, or keratocystic odontogenic tumor (KCOT; formerly
known as odontogenic keratocysts) [Gorlin and Goltz, 1960;
Gorlin, 1987]. The estimated prevalence of NBCCS is 1 in
55,600 in the United Kingdom [Evans et al., 1993]. The gene
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responsible for NBCCS is the human homolog of the Drosophila
patched gene, PTCHI [Hahn et al., 1996; Johnson et al., 1996].
Heterozygous loss of PTCHI found in certain sporadic and familial
cases of BCC indicates that PTCH1 is also a tumor suppressor gene
[Gailani et al., 1996; Unden et al., 1996]. Previously, we performed
the largest analysis of NBCCS patients in Japan for PTCHI muta-
tions and found diverse mutations including point mutations,
insertion/deletion mutations, and entire deletions of the PTCHI
gene [Fujii et al., 2003; Nagao et al., 2005; Sasaki et al., 2010; Nagao
etal.,2011]. However, to date, genotype—phenotype correlation has
not been reported [Wicking et al., 1997]. Therefore, there is no
correlation between PTCHI mutation type and the incidence of BCC
or KCOT. In addition, although missense mutations tend to cluster
in the transmembrane domains, no marked hot spots or common
mutations have been evident in PTCH]I [Lindstrom et al., 2006].

Abbreviations: NBCCS, nevoid basal cell carcinoma syndrome; BCC, basal
cell carcinoma; KCOT, keratocystic odontogenic tumor.

Grant sponsor: Ministry of Health, Labour and Welfare on Science
Research Grants.

None of the authors have any financial or other interest.
*Correspondence to:

Katsunori Fujii, Department of Pediatrics, Chiba University Graduate
School of Medicine, 1-8-1 Inohana, Chuo-ku, Chiba-shi, Chiba 260-
8670, Japan. E-mail: kfujii@faculty.chiba-u.jp

Published online 13 January 2012 in Wiley Online Library
(wileyonlinelibrary.com).

DOI 10.1002/ajmg.a.34421

351




352

AMERICAN JOURNAL OF MEDICAL GENETICS PART A

To date, there have been no large studies of NBCCS in Asia except
one small literature-based survey from Korea [Ahn et al., 2004],
which retrospectively examined 33 individuals with NBCCS. Since
the incidences of various types of cancer including BCC are
associated with ethnicity or geographical factors [Leiter and Garbe,
2008], it is imperative to compare the clinical manifestations of
NBCCS between Asians and Caucasians. Herein, we report on the
first nationwide survey of NBCCS in Asia examining 157 Japanese
patients and show a markedly low frequency of BCC in Japan
compared with countries in which mainly Caucasians live.

MATERIALS AND METHODS
Study Subjects

To understand the frequencies of various clinical manifestations in
Japanese NBCCS patients, we sent a questionnaire regarding the
basic information of NBCCS patients including the number of
patients being treated for NBCCS and their sex, age, and major
clinical manifestations to the Departments of Pediatrics, Genetics,
Neurosurgery, Dermatology, and Oral Surgery of University
Hospitals, Regional Children’s Hospitals, and large Municipal
Hospitals with 500 or more beds in Japan. Out of the 1,938 medical
facilities that we sent the questionnaire to, 1,107 responded, 147 of
which had NBCCS cases. Then, we sent a second questionnaire
regarding the detailed clinical manifestations of the patients to these
facilities. We used the diagnostic criteria outlined by Kimonis et al.
[1997], which have frequently been employed in previous studies
(Table I). Regarding the patients enrolled in this study, they were
required to have 2 of the 6 major criteria or 1 major and 2 minor
criteria. This research was approved by the ethics committee of
Chiba University, and conformed to the provisions of the Decla-
ration of Helsinki in 1995 (as revised in Seoul 2008).

TABLE |. Diagnostic Criteria for NBCCS Used in Our Study

Major criteria

More than 2 BCCs or 1 under the age of 20 years

Odontogenic keratocysts of the jaw proven by histology

Three or more palmar or plantar pits

Bilamellar calcification of the falx cerebri

Bifid, fused, or markedly splayed ribs

First-degree relative with NBCC syndrome

Minar criteria

Macrocephaly determined after adjustment for height

Congenital malformations: cleft lip or palate, frontal bossing,
“coarse face,” moderate or severe hypertelorism

Other skeletal abnormalities: sprengel deformity, marked
pectus deformity, marked syndactyly of the digits

Radiological abnormalities: bridging of the sella turcica,
vertebral anomalies, such as hemivertebrae, fusion, or
elongation of the vertebral bodies, modeling defects of
the hands and feet, or flame-shaped lucencies of the hands
or feet

Ovarian fibroma

Medulloblastoma

Statistical Analysis

Statistical analysis was performed using SPSS Statistics 18 for Win-
dows (SPSS Inc., Chicago, IL). Statistical differences in the frequen-
cies of clinical manifestations between Japanese and Caucasians were
evaluated using the Pearson’s chi-squared test or Fisher’s exact test.
The distribution of the onset of the first BCC or KCOT in the affected
individuals was estimated by means of Kaplan—Meier analysis. The
Kaplan—Meier curves of the incidences of BCC and the KCOT in
Americans reported by Kimonis et al. [1997] were scanned and
plotted using Microsoft® Excel® and then compared with those of
the Japanese patients. Statistical comparisons between the results
of the Kaplan—Meier analyses of the Japanese and American pop-
ulations were performed using the Log-Rank test. Spearman’s rank-
correlation coefficient was used to examine the correlation between
the number of tumors and the age of onset.

RESULTS

In the first survey, we found 311 NBCCS patients in Japan. This
represents a prevalence of 1 in 235,800 according to the current
population estimates by the Statistics Bureau of the Ministry of
Internal Affairs and Communications of Japan. After the second
survey, the detailed clinical manifestations of 157 NBCCS patients
were available. These patients were confirmed to include no dupli-
cations according to the date of birth, sex, and age. No significant
difference in the survey questionnaire completion rate was observed
among departments or types of hospitals. The patients were widely
distributed throughout Japan. The ages of the 157 patients ranged
from 9 months to 77 years, with their mean age being 33.1 years.
There were 83 males and 74 females (ratio: 1.1:1). All but one
patient, a Japanese-Brazilian boy, were Japanese. The age ranges of
both sexes showed a bimodal distribution (Fig. 1), and the mean
ages of the males and females were 30.09 and 36.34, respectively.

The frequencies of the various clinical features of the Japanese
NBCCS patients are listed (Table IT). The clinical manifestations
that displayed frequencies greater than 50% were KCOT (86.3%),
falx calcification (79.4%), palmar/plantar pits (69.2%), hypertelor-
ism (689%), and a broad nasal bridge (58.4%). The major criteria
that were less frequently seen included BCC (37.8%), rib anomalies
(36.4%), and a relevant family history (48.4%).

We compared the frequencies of representative manifestations
with those previously reported for the United States [Kimonis et al.,
1997], the United Kingdom [Evans et al., 1993], and Australia
[Shanley et al., 1994] (Table IIT). No marked differences among the
populations were observed in the frequencies of clinical manifes-
tations other than BCC and KCOT. The details of the tumors that
occurred in the NBCCS patients are described below.

Basal Cell Carcinoma

Of the 148 Japanese NBCCS patients, 56 (37.8%) had BCC either as
part of their clinical history or at the time of our evaluation. The
frequency of BCC in patients of over 20 years was 51.4% (53/103),
and that of patients of over 40 years of age was 71.7% (33/46).
These frequencies were significantly lower than those described in
previous reports (Table IIT). A less significant difference was
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is shown. Male (A,C) and female (B,D) cases are shown separately.

detected between Japan and the United Kingdom than between
Japan and the United States, which may reflect the reduced expo-
sure of the patients in the United Kingdom to ultraviolet radiation.
The age of the patients at the initial BCC diagnosis ranged from 4 to
69 years (mean: 37.4 years, median: 38 years), which was much
higher than those in Western countries. Accordingly, Kaplan—
Meier analysis of BCC demonstrated that its frequency in the
Japanese population is markedly lower than that reported for
Caucasians by Kimonis et al. [1997] (Fig. 2). As reported previously
[Jonesetal.,2011], the frequency of BCC was similar between males
and females (34.62% vs. 42.03%). The age distributions of BCC
frequency in males and females sexes are shown in Figure 1A and
Figure 1B, respectively. We observed no correlation between the
number of BCC and the age of onset (r = 0.049; data not shown).

KeratoCystic Odontogenic Tumor

One hundred twenty-six out of 146 (86.3%) patients with NBCCS
had a history of KCOT, which was significantly higher than the
incidences described in the previous reports, although the differ-
ence was less marked than that for BCC. The age of the patient at the
onset of the tumor ranged from 5 to 77 years (mean: 32.8 years), and
the number of tumors ranged from 1 to 10 (mean: 3.68). In contrast
to BCC, the number of KCOT was inversely correlated with the age
of onset (r = —0.453; Fig. 3). The frequency of KCOT in the patients
aged over 20 years was 91.1% (92/101), and that in the patients aged
over 40 years was 82.0% (32/39). Kaplan—Meier analysis of the

frequency of KCOT in Japanese and American NBCCS patients
indicated that there were no significant differences in the frequency of
KCOT and theage at first KCOT between the two groups (Fig. 4). The
frequency of KCOT was similar between males and females (81.82%
vs. 91.18%). The age distributions of KCOT incidence in males and
females are shown in Figure 1C and Figure 1D, respectively.

Medulloblastoma

Four out of 120 patients (3.4%) had medulloblastoma, and
these patients were diagnosed between the ages of 0 and 4 years
(mean: 1.8 years). Kimonis et al. [1997] reported that radiotherapy
for medulloblastoma results in the early development of BCC and
other cerebral tumors, such as ependymomas and meningiomas.
In our study, all four patients had radiation therapy for medullo-
blastoma. However, to date, none of the four patients have had
subsequent BCC on the irradiated area.

Ovarian Fibroma

Forty women with NBCCS were evaluated for the frequency
of ovarian fibroma, and 5 were found to have ovarian fibromas
(12.5%). Their ages ranged from 16 to 25 years (mean: 20.8 years).
The frequency of ovarian fibroma in this study was somewhat lower
than those described in previous reports. However, since not all
women underwent abdominal ultrasound, the actual frequency
might have been higher than observed.
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TABLE Il. Frequencies of the Clinical Manifestations in
Japanese NBCCS Patients

50% or greater

Kcot 126/146 86.3%
Falx calcification °7/9¢ 79.4%
Palmar/plantar pits 99/143 69.2%
Hypertelorism 90/141 68.8%
Broad nasal bridge 73/125 58.4%
15-49%
Family history 62/128 48.4%
Frontoparietal bossing 63/134 47.0%
Family members developing tumors 41/93 44.1%
Highly arched eyebrows 51/116 44.0%
Basal cell carcinoma 56/148 37.8%
Rib anomalies 44/121 36.4%
Coarse face 43/117 27.9%
Macrocephaly . 36/136 26.5%
Prognathism 30/119 25.2%
Bridging of sella turcica 18/76 23.7%
Intellectual disability 24/136 17.6%
Hydrocephalus 22/136 16.2%
Vertebral anomalies 16/106 15.1%
14% or less

QOvarian fibroma 5/40 12.5%
Short 4th metacarpals 4/38 10.5%
Cleft lip/palate 12/133 9.0%
Epilepsy 12/134 9.0%
Pectus deformity 8/118 6.1%
Medulloblastoma 4/120 3.3%
Sprengel deformity 3/102 2.7%
Flame-shaped lucencies of hands/feet 1/40 2.5%
Cardiac fibroma 2/95 2.1%
Syndactyly 3/143 2.1%
Polydactyly 2/134 1.5%
Modeling defects of hands/feet 0/49 0%

Cardiac Fibroma

Two patients (1 male and 1 female) among 95 evaluated patients
were found to have cardiac fibromas (2.1%). Their age at diagnosis
ranged from 6 to 7 years. The size of the cardiac fibromas in these
patients did not increase over time, and no functional deficits were
observed.

Other Tumors

The other tumors recognized in this study included meningioma
(4 cases), ovarian tumors other than fibromas (3 cases), and thyroid
tumors (2 cases).

DISCUSSION

In this study, we first performed a nationwide survey of NBCCS in
Japan. To date, there have been three large epidemiological studies
of NBCCS, which were performed in the United States [Kimonis
etal., 1997], the United Kingdom [Evans et al., 1993], and Australia
[Shanley et al., 1994], and 105, 84, and 118, patients, respectively,

were enrolled in these studies. In this study, we enrolled 157
Japanese patients with NBCCS. Our study is the first large epide-
miological survey of NBCCS in an Asian country.

BCC is a malignant neoplasm which originates from a pluri-
potential cell in the basal cell layer of the epidermis or follicular
structure, and is the most frequent type of skin cancer in humans
[Rubin et al., 2005; Epstein, 2008; Nakayama et al., 2011]. BCC
occurs most frequently in the sun-exposed skin area, and is related
to the geographical factors [Leiter and Garbe, 2008; Dessinioti et al.,
2010]. The highest incidence of BCC has been reported in Australia
[Richmond-Sinclair et al., 2009], and relatively low incidence in
Finland [Hannuksela-Svahn et al., 1995], although sunlight even at
high latitudes still remains a major risk factor of BCC [Moan et al.,
1989]. Since the frequency of BCC in African-Americans has been
shown to be much lower than that in Caucasians in the United States
[Kimonis et al., 1997], increased pigmentation may prevent BCC
formation from ultraviolet radiation in NBCCS families.

The most significant finding of this study was the low frequency
of BCC detected in Japanese patients with NBCCS. In our study, the
frequency of BCC in NBCCS patients of over 20 years of age was
51.4% (53/103). In contrast, other studies of NBCCS have shown
much higher rates; that is, 91% in the United States [Kimonis et al.,
1997], 85% in Australia [Shanley et al., 1994], and 73% in the
United Kingdom [Evans et al., 1993]. In addition to the low BCC
incidence, the age of BCC onset, at an average of 37.4-year old, was
markedly higher in the Japanese population than those in Western
countries. Considering previous reports mentioned above, the
lower frequency and the higher onset age of BCC in Japanese
NBCCS population are probably due to geographical factor and/
or ethnicity. However, since it is not uncommon that BCC develops
in the less sun-exposed area in NBCCS patient, UV-exposure is
obviously not the only factor for BCC development. Therefore,
especially in Japan, careful skin examination over a prolonged
period of time is warranted, even after middle age, for the early
diagnosis and treatment of late onset BCC.

KCOT, which was formerly known as multiple jaw cysts, is
sometimes the first manifestation of NBCCS, and early surgical
intervention for tumors is clinically required for both the main-
tenance of jaw function and the prevention of subsequent bacterial
infections. KCOTs are basically benign cystic lesions, but they often
show locally destructive behavior and high recurrence rates
[Morgan et al., 2005]. Recently, they were re-classified as benign
neoplasms of odontogenic origin in the World Health Organization
classification 2005 [Madras and Lapointe, 2008]. In this study, the
mean age at KCOT onset was 19.8 years, which was similar to those
reported in two of the other large studies; that is, 17.3 years in the
United States [Kimonis et al., 1997] and 15.5 years in Australia
[Shanley et al., 1994]. Accordingly, Kaplan—Meier analysis found
that the frequency of KCOT among Japanese NBCCS patients was
similar to that in the United States. However, the frequency of
KCOT in patients over 20 years of age was 91.1%, which was slightly
but significantly higher than those found in other studies; that is,
81% in the United States [Kimonis et al., 1997], 80% in Australia
[Shanley etal., 1994], and 82% in the United Kingdom [Evans et al.,
1993]. These findings also suggest that Japanese NBCCS patients
should receive careful periodical examinations for the jaw cysts. It
remains to be elucidated whether ethnicity and/or environmental
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factors are responsible for this difference. Alternatively, the differ-
ence may be due to the comparative data collection bias, that is,
types of clinics and physicians solicited for patients. In any case,
since the difference was relatively small, more cases need to be
examined in order to conclude that the frequency of KCOT in
Japanese NBCCS is higher than that in Western countries.

In this study, the frequency of medulloblastoma among NBCCS
patients was 3.4%, which was similar to those described in previous

reports [Evans et al., 1993; Shanley et al., 1994; Kimonis et al.,
1997]. Medulloblastoma is the most common malignant brain
tumor in childhood. In NBCCS patients, medulloblastomas are
reported to occur earlier than sporadic medulloblastomas. The
mean ages of onset of syndromic and sporadic medulloblastomas
are 28 months and 6 years, respectively [Amlashi et al., 2003].
In our study, the mean age was 1.8 years, which was compar-
able to those of previous reports. Although the frequency of




