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ORIGINAL ARTICLE

Non-Hodgkin Lymphoma in a Patient
With Cardiofaciocutaneous Syndrome

Akira Ohtake, MD, PhD,* Yoko Aoki, MD, PhD,t Yuka Saito, MD,{ Tetsuya Niihori, MD, PhD,{
Atsushi Shibuya, MD, PhD,* Shigeo Kure, MD, PhD,{ and Yoichi Matsubara, MD ¥}

Summary: Cardiofaciocutaneous (CFC) syndrome is a multiple
congenital anomaly/mental retardation syndrome characterized by
a distinctive facial appearance, ectodermal abnormalities, and heart
defects. Clinically, it overlaps with both Noonan syndrome and
Costello syndrome. Mutations in KRAS, BRAF, and MAP2K1/2
(MEK1/2) have been identified in patients with CFC syndrome. BRAF
mutations are involved in more than 80% of CFC syndrome
patients, and we have reported earlier that 2 CFC patients with
BRAF mutations developed acute lymphoblastic leukemia. Here
we report a boy with CFC syndrome who developed non-Hodgkin
lymphoma. At 2 months of age, he developed pneumonia with
pleurisy and was diagnosed as having non-Hodgkin lymphoma
(precursor T-cell lymphoblastic lymphoma) by cytopathologic exa-
mination of the pleural fluid. He was suspected of having Noonan
syndrome because of his facial appearance, webbed neck, and
cubitus valgus. Precursor T-cell lymphoblastic lymphoma was
treated by the TCCSG NHL 94-04 protocol. At 9 years of age, he
was clinically reevaluated and diagnosed as having CFC syndrome
because of his distinctive facial appearance, multiple nevi, and
moderate mental retardation. Sequencing analysis showed a
germline p.A246P (c.736G > C) mutation in BRAF reported earlier
in CFC syndrome. Molecular diagnosis and careful observation
should be considered in children with CFC syndrome.

Key Words: RAF, RAS-MAPK, non-Hodgkin lymphoma, cardio-
faciocutaneous syndrome, Noonan syndrome, KRAS, BRAF,
leukemia

(J Pediatr Hematol Oncol 2010;00:000-000)

Cardiofaciocutaneous (CFC) syndrome is a multiple
congenital anomaly/mental retardation syndrome char-
acterized by heart defects, facial dysmorphism, ectodermal
abnormalities, and mental retardation.!> Typical facial
characteristics include a high forehead with bitemporal
constriction, hypoplastic supraorbital ridges, downslanting
palpebral fissures, a depressed nasal bridge, and posteriorly
angulated ears with prominent helices. Affected individuals
present with heart defects, including pulmonic stenosis,
atrial septal defects, and hypertrophic cardiomyopathy.
Ectodermal abnormalities including sparse, friable hair,
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multiple nevi, and hyperkeratotic skin lesions are noted.
CFC syndrome has many clinical features in common
with those of Noonan syndrome and Costello syndrome.
Of these 3 syndromes, Noonan syndrome is most frequent,
its incidence is estimated to be 1 in 1000 to 1 in 2500
live births. Compared with the other 2 syndromes, Noonan
syndrome has lower frequencies of mental retardation (24%
to 35%), heart defects (50% to 67%), and skin abnorma-
lities (2% to 27%),> whereas CFC patients show a high
frequency of growth failure (78.9%), mental retardation
(100%), heart defects (84.2%), and skin abnormalities
(68.4%).2 Costello syndrome is characterized by mental
retardation, high birth weight, neonatal feeding problems,
curly hair, redundant skin, nasal papillomata, and tumor
predisposition. Wrinkled palms and soles, hyperpigmenta-
tion, and joint hyperextension, which have been commonly
reported in Costello syndrome but not in CFC syndrome,
have been observed in 30% to 40% of the mutation-
positive CFC patients.* Thus, differential diagnosis of these
syndromes is difficult because of their overlapping clinical
manifestations.

Mutations in molecules in the RAS/mitogen-activated
protein kinase (MAPK) pathway have been identified in
these disorders: HRAS in Costello syndrome®;, PTPNI],
KRAS, SOS1, RAFI, and NRAS in Noonan syndrome®'?;
and KRAS, BRAF, and MAP2KI/2 in individuals with
CFC syndrome.?!3 Therefore, these syndromes are termed
NCFC syndrome or RAS/MAPK syndromes.'*!5 Approxi-
mately 10% of patients with Costello syndrome have been
shown to have malignant tumors, including neuroblastoma,
rhabdomyosarcoma, and bladder carcinoma. For Costello
syndrome, tumor-screening protocols have been pro-
posed.'® In contrast, little attention has been paid to the
development of tumors in patients with CFC syndrome.

Herein we report a Japanese patient with CFC syn-
drome who developed non-Hodgkin lymphoma (NHL) at
2 months of age. Although he had been suspected of having
Noonan syndrome, reevaluation of the clinical manifesta-
tions and identification of a BRAF mutation led to a re-
diagnosis of CFC syndrome. Our observations, together
with a literature review of earlier patients, suggest the im-
portance of the careful observation for malignancy in CFC
syndrome.

CASE REPORT

The propositus was a 12-year-old Japanese boy. He was
the first son of unrelated healthy parents. At birth, his father was 27
years old, as was his mother. The baby was delivered at 40 weeks by
obstetrical vacuum extraction and its birth weight was 3488 g
(+0.8SD), length was 49.6cm (+0.1SD), and occipitofrontal
circumference was 35cm (+ 1.0 SD). At 2 months of age, coughing,
rhinorrhea, and feeding difficulty were observed. He was admitted
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