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Abstract. Fanconi anemia (FA) is a rare disorder characterized by multiple congenital malformations, progressive bone
marrow failure and susceptibility to malignancies. Biallelic
mutations in the breast cancer 2, early onset (BRCA2) gene
are responsible for the FA‑D1 subgroup, which accounts for
~3% of all the FA cases. Patients with biallelic BRCA2 mutations generally display a more severe phenotype, with earlier
onset and increased incidence of leukaemia and other solid
tumors, than other patients with FA. In the present report, the
first Cypriot patient with FA‑D1 is described, which is the
fifth case of a homozygote for the same null allele reported
thus far, and the third known case of neuroblastoma in association with FA-D1.
Introduction
Fanconi anemia (FA) is primarily a recessively inherited
disorder typically associated with multiple congenital malformations, the most obvious of which involves the thumbs (1).
Other features of FA may include microcephaly, developmental
delay, microsomia, skeletal anomalies, pigmentary abnormalities, progressive bone marrow failure and susceptibility to
acute myeloid leukaemia (AML) and other malignancies (1).
Neuroblastoma is a neuroblastic tumor occurring almost
exclusively in childhood (2). It is the third most common childhood cancer, after leukemia and brain tumors and is diagnosed
annually with a prevalence of 1 case per 7,000 live births and
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an incidence of about 10.54 per 1 million per year in children
<15 years (3). The median age at diagnosis is 19 months, and
90% of patients are diagnosed before the age of five years (2-4).
Maternal and genetic factors have been associated with its
pathogenesis. Treatment strategies depend on risk categories
(low, intermediate and high), which are defined on the basis
of stage of disease, age and the biological characteristics of
the tumor (5). Neuroblastoma has only exceedingly rarely
been associated with FA. FA is characterized by defects in
DNA repair, hypersensitivity to DNA crosslinking agents and
numerous chromosomal aberrations (1).
To date, homozygous or biallelic mutations have been
reported in ≥15 different genes, which lead to the known FA
complementation groups (6). The proteins encoded by the FA
genes cooperate in a common pathway, known as the ‘Fanconi
anemia‑breast cancer (BRCA) pathway/network’, which is
essential for cellular resistance to DNA crosslinking agents (7,8).
The FA‑D1 subgroup results from germline biallelic mutations in the breast cancer 2, early onset (BRCA2) gene (9),
and is estimated to account for ~3% of all the FA cases (10).
Patients within the FA‑D1 subgroup generally display a more
severe phenotype, with earlier onset and increased incidence
of leukaemia and other solid tumors, than patients within other
FA subgroups (10,11).
Due to the rarity of FA‑D1, reporting additional cases is
critical in deciphering the full spectrum of malignancies associated with this subgroup, and for improving the understanding
of the natural history of this disorder. In the present study,
the first case of FA in Cyprus, which is due to a homozygous
BRCA2 mutation, is reported.
Case report
A newborn female, which was the first child born to healthy
non‑consanguineous parents (a 25‑year‑old father and a
24‑year‑old mother), was referred to the Clinical Genetics
Clinic of the Makarios Medical Centre (Nicosia, Cyprus) in
April 2002, because of a history of multiple congenital anomalies present at birth. Review of the family history revealed
two relatives with breast cancer from the paternal side (the
grandmother and a great aunt), whereas the maternal family
history was non‑contributory.
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Antenatal ultrasound scans demonstrated oligohydramnios and intrauterine growth restriction (IUGR). The patient
was born at 38 weeks of gestation, following an emergency
C‑section, with a weight of 2 kg at birth. Initially, the patient
was noted to present thumb abnormalities, including ectopic
and hypoplastic right thumb and absent left thumb, in addition
to microcephaly, microsomia, low‑set ears, micrognathia, bifid
tongue, dysplastic right hip, overriding toes and ectopic left
kidney.
Karyotype analysis by Giemsa staining from peripheral
blood revealed single cell abnormalities in 32 of 40 cells
examined, including translocations, end‑to‑end fusions
in three cells, deletions and spontaneous breaks, suggestive of a chromosomal breakage syndrome. Mitomycin C
or diepoxybutane‑induced studies were not performed.
At six months of age, the patient developed several petechiae and a hematoma of the right orbit as well as abdominal
distention with associated hepatomegaly. The patient was
subsequently admitted to the Pediatric Oncology Department
of the Makarios Medical Centre where, following liver biopsy,
the diagnosis of metastatic neuroblastoma was confirmed.
Technetium-99 bone scan showed increased uptake at the
skull and facial bones. The extent of metastatic disease was
assessed by a metaiodobenzylguanidine (mIBG) scan, which
revealed increased uptake at the skull, mandible and liver as
previously observed on the MRI scan (stage IV metastatic
neuroblastoma). The patient commenced chemotherapy, which
included carboplatin and etoposide. However, the patient did
not respond to the treatment, and succumbed to the disease at
seven months of age.
The parents next experienced three first trimester
spontaneous abortions, followed by a fifth pregnancy via
in vitro fertilisation, which proceeded uneventfully until the
22nd week, when microcephaly was detected in the foetus.
Based on the provisional diagnosis of FA of their first child,
and the fact that the paternal grandmother was identified to be
heterozygous for the c.8756delG BRCA2 mutation, the couple
were counseled, and opted to undergo BRCA2 predictive
genetic testing using standard protocols (12), which revealed
that both parents were heterozygous for the same BRCA2
mutation [c.8756delG (p.Gly2919Valfs*8)]. The initial clinical
hypothesis of FA was confirmed on an archived DNA from
the index case, by the identification of the Cypriot founder
BRCA2 mutation in a homozygous state. An amniocentesis
was then performed, and the foetus was also demonstrated to
be homozygous for this mutation. Consequently, the pregnancy
was terminated. No further follow-ups were conducted.
Discussion
FA is a rare inherited genetic disorder with a prevalence of
1‑5 cases/million (1). Cyprus has a population of <1 million
habitants, and the present report constitutes the first documented case of FA‑D1 on the island caused by a homozygous
BRCA2 mutation.
FA is heterogeneous in its clinical manifestations and
genetic defects (1). Howlett et al (9) were the first authors to
report an association between FA‑D1 and BRCA2 (also known
as FANCD1), a gene implicated in the susceptibility to breast
cancer. It has been previously demonstrated that patients with

FA who carry biallelic BRCA2 mutations display an earlier
onset and a different spectrum of childhood malignancies
than patients with FA who belong to other subgroups (9,13,14).
Previous studies on the FA‑D1 subgroup have highlighted an
increased risk of AML and acute T‑cell lymphoma, in addition
to solid tumors such as medulloblastoma and Wilms tumor,
in patients with FA‑D1 (14,15). This observation is supported
by previous epidemiological data and mouse model studies,
which suggest that the normal function of FANCD1/BRCA2
is essential for the suppression of medulloblastoma and hema‑
tological malignancies (16,17). Patients with FA‑D1 exhibit the
shortest average lifespan of all the FA subtypes (18). Cancer
mortality for children with biallelic BRCA2 mutations is
remarkably high, and approaches 100% by 5 years of age (10).
The phenotypic manifestations of FA are highly variable,
even within specific complementation groups (1). The patient
discussed in the present case report is the third case of neuro‑
blastoma reported to date to be associated with FA‑D1. The
other two cases with biallelic BRCA2 mutations that have been
previously reported correspond to a female born to Algerian first
cousins, who was homozygous for the c.1320_1324del BRCA2
mutation (19), and a male who was compound heterozygous
for the BRCA2 mutations c.1813dupA and c.631+2T>G (11).
These two patients succumbed to FA‑D1 at an extremely young
age, similarly to the patient of the present case report, who was
homozygous for the c.8756delG mutation in the exon 22 of the
BRCA2 gene. This truncating BRCA2 mutation is a founder
mutation in the Cypriot population (12), and has never been
previously reported as a causative FA‑D1 mutation, according
to the Fanconi Anemia Mutation Database (http://www.rock‑
efeller.edu/fanconi/mutate/).
Previous studies have suggested that homozygous BRCA2
mutations in humans may result in embryonic lethality (13).
This hypothesis was supported by previous studies on BRCA2
homozygous knockout mice, which demonstrated embryonic
lethality in the majority of cases (20,21). However, previous
reports of three individuals with FA‑D1, who were homozy‑
gous for a BRCA2 mutation, refuted this initial hypothesis,
and provided evidence that certain combinations of BRCA2
null alleles do not preclude foetal survival (9,15,22).
To date, no homozygous cases for BRCA2 c.5946delT
or c.771_775del5 mutations have been reported, despite
their high prevalence among Ashkenazim and Icelanders
(∼1.5 and 0.4%, respectively) (23,24).
The patient in the present report is the fifth case reported
thus far of an individual with FA‑D1 who is homozygous for
the same null allele. The other four cases reported in the litera‑
ture include the following patients: i) A BRCA2 homozygote
for the c.1320_1324del mutation, who exhibited vertebral
anomalies, anal atresia, cardiac defects, tracheoesophageal
fistula and/or esophageal atresia, renal and radial anomalies,
limb defects, Wilms tumor, neuroblastoma and a brain tumor,
by three years of age (19); ii) a two‑year‑old patient who
was homozygous for the c.631+2T>G BRCA2 mutation, and
presented with IUGR, imperforate anus, café‑au‑lait macules,
microcephaly, failure to thrive and AML (15); iii) an indi‑
vidual homozygous for the c.1311_1314del BRCA2 mutation
with an unknown phenotype (22); and iv) a male homozygote
for the c.8488‑1G>A BRCA2 mutation, who reached adult‑
hood (30 years of age) without developing cancer (9).
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The phenotype of the patient in the present case report was
severe, and similarly to the case reported by Faivre et al (19),
it included the development of infantile neuroblastoma.
Therefore, despite the limited evidence, it can be hypothesized
that the development of neuroblastoma in patients with FA‑D1
is associated with the inheritance of two identical defective
BRCA2 alleles, since two of the three cases of neuroblastoma
associated with FA‑D1 reported thus far (including the patient
described in the present report) were homozygous for a
deleterious BRCA2 mutation.
In conclusion, the present case report widens the spectrum
of malignancies associated with FA‑D1, and confirms the
possibility of survival among patients with FA‑D1 who exhibit
certain mutational combinations in a homozygous state.
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