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Abstract
Background

Fanconi anemia (FA) is a rare genetic disorder characterized by congenital anomalies, progressive bone
marrow failure and high susceptibility to various solid tumors, especially head and neck squamous cell
carcinoma (HNSCC). Management of FA patients with head and neck cancer is a challenge due to
increased risk of surgery, poor tolerance of chemotherapy, and severe myelotoxicity of radiotherapy.

Methods

We present a case of a 33-year-old man with carcinoma of the oral tongue (T1N2M0), who experienced
prolonged and profound bone marrow failure as a consequence of concurrent cisplatin/radiation. The
young patient who developed HNSCC without risk factors, the myelotoxicity after exposure to the
platinum-based agent cisplatin and the further evaluation of phenotypic characteristics raised suspicion
of FA. Whole exome sequencing performed for the patient and parents ultimately established the
diagnosis of FA.

Results

Genetic testing in the 23 FANC genes revealed two novel heterozygous mutations, c.367C>T (p.Gln123*)
and c.3971_3972delCGinsTT (p.Pro13241.cu) in FANCA gene of the patient, which were inherited from
his father and mother, respectively. Radiotherapy with reduced dose has successfully alleviated the
symptoms of tumor invasion and progression, and the radiation-related side effects were acceptable.
Unfortunately, the patient died of locoregional disease progression.

Conclusions

This case highlights the importance of considering the diagnosis of FA in young patients who develop
HNSCC in the absence of risk factors, thus permitting more effective oncological treatment strategies and
improved outcomes. In general, any decision on different modalities of management in such patients
should be based on a balance between locoregional control and therapeutic toxicity.

Background
Fanconi anemia (FA) is a multisystem disorder characterized by congenital abnormalities, progressive
bone marrow failure and pancytopenia, high susceptibility to acute myeloid leukemia and solid tumors
(1). In FA patients, hematological abnormalities usually appear within the �rst decade of life, which
eventually develop pancytopenia and even bone marrow failure (2). Congenital anomalies include
skeletal malformations (short stature, microcephaly, or hypoplastic thumb), organ abnormalities (renal,
ophthalmic, ear, cardiac, genital), abnormal skin pigmentation like café au lait spots, and mental
retardation (3). These further prove that FA is a pleiotropic disease on the phenotype.
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At least 23 genes have been implicated in FA that are responsible for the various complementation
groups (A-C, D1, D2, E-G, I, J, L-W, Y). Mutations in FANCA are the most common, involved in 60-65% of
reported cases (4). All mutations in FA genes are inherited in an autosomal recessive manner, with the
exception of FANCB and RAD51, which are inherited in an X-linked manner and autosomal dominant
manner, respectively (5). Products of these FA genes appear to interact in a common cellular pathway
and participate in various aspects of DNA repair, particularly DNA interstrand crosslink repair, genomic
stabilization, and regulation of downstream proteins (6, 7). Eight of the FA proteins (FANCA/−B/−C/−E/
−F/−G/−L/−M) are constitutively assembled in a multisubunit enzyme core complex to mediate the
monoubiquitination of FANCD2 and FANCI after DNA damage, which is a central step in the FA pathway,
as a response to cross-linking agents or reactive oxygen species (8-10). Any mutation or loss of the FA
core complex components will result in failure of monoubiquitination. In addition, there is interaction with
BRCA1/BRCA2 complexes and an array of proteins involved in cell cycle checkpoint regulation and DNA
damage repair (11, 12). Defects in any of these FA proteins result in genomic instability, defective DNA
repair mechanisms and an increased risk of cancer (13).

Although the risk of hematological abnormalities is higher in childhood, solid tumors are more common
in adults (14). Interestingly, FA patients have a signi�cantly higher risk of head and neck cancer, and most
of them occur in the oral cavity, in which tongue carcinomas are the most common subsite (1). Compared
with the general population, the incidence of head and neck cancer in FA patients has increased by 500-
fold, with a cumulative incidence rate of 14% by the age of 40 years (15). FA patients with hematopoietic
dysfunction usually require supportive treatment such as blood transfusions, hematopoietic growth
factor and androgen replacement therapy. Bone marrow transplantation is the preferred treatment option,
but is associated with a high risk of the late development of FA-related head and neck cancer (16-18). The
management of FA patients with head and neck cancer requires multidisciplinary coordination and is
extremely challenging. First, potential pancytopenia results in increased risk of surgery and poor tolerance
to nonsurgical treatment. Second, defective DNA repair mechanism and chromosomal fragility increase
the sensitivity to cytotoxic chemotherapeutic agents such as cisplatin, typically used in head and neck
cancer (19). Third, defects in the identi�cation and homologous recombination repair disorders of DNA
damage may induce abnormal toxicity of radiotherapy (20).

Here, we reported a new case of a young man with FA treated at our institution for the tongue squamous
cell carcinoma, reviewed his clinical course and described the treatment-related toxicity. Institutional
approval was obtained and written consent was received from the patient’s parents for this article.

Methods
The patient and initial treatment

A 33-year-old man without history of drinking and smoking was admitted to our hospital for examination
of a lump on the right side of the tongue dorsum. Oral examination revealed a borderline ulcerative
hyperplasia at the right side of tongue dorsum with white plaque covering it. No super�cial lymph node
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enlargement was noted on neck examination. Computer tomography (CT) scan showed enhanced
signals in the right tongue dorsal lesion and multiple bilateral cervical lymph nodes without any distant
metastatic spread. Dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) of the
maxillofacial region revealed a 1.6 X 1.4 X 1.7 cm mass located at the right side of tongue dorsum, with
signi�cant cervical lymphadenopathy (Figure 1A). A pathological biopsy performed under local
anesthesia demonstrated highly differentiated squamous cell carcinoma (Figure 2A, 2B). As a result, a
diagnosis of T2N2M0 (stage III) squamous cell carcinoma of the oral tongue was made.

Initial hematological parameters showed features of mild pancytopenia, which ruled out aggressive
surgical interventions. After receiving supportive care until the blood count returned to normal, the patient
was treated with concurrent cisplatin/radiation, the standard of care for locally HNSCC, according to the
National Comprehensive Cancer Network (NCCN) guidelines. He received 13 days of single-dose cisplatin
therapy (40 mg/m2, d1-d3) combined with 11 fractions of daily intensity modulated radiation therapy
(IMRT) (GTV 2.2Gy/f, GTVln 2.2Gy/f, CTV 2.0Gy/f, CTVln 1.8Gy/f, 5 fractions/week). However, the
treatment discontinued due to the pancytopenia (total leukocyte count: 2.02 × 109/L; hemoglobin count:
72 g/L; platelet count: 87 × 109/L). Additionally, he continued to have profound and persistent
myelosuppression despite blood product support and daily administration of subcutaneous recombinant
granulocyte-colony-stimulating factor.

Phenotypic features and family history

To determine the cause of the patient's continued pancytopenia, he underwent a bone marrow aspiration
and biopsy which revealed a severely hypoplastic marrow with no granuloma, hematopoiesis, nor
malignant cells. Given the development of HNSCC at a young age in the absence of risk factors, the
development of profound and persistent bone marrow failure induced by the low dose of cisplatin, the
possibility of a genetic DNA repair defect was proposed. Through a comprehensive evaluation of
phenotypic characteristics, several physiological characteristics of FA were determined. The patient was
physically retarded including short stature and microcephaly. In addition, he generalized
hyperpigmentation of the skin, accompanied by a few café au lait spots, particularly of the upper
extremities (Figure 3A, 3B). The patient was born to non-close relative parents and had a younger brother
of normal stature. Besides, his parents displayed no phenotypic signs of hereditary syndromes.

Genetic testing

In consideration of his abnormal morphological features and unexplained hypoplastic marrow, the
patient was advised for molecular genetic testing. After obtaining the informed consent of the family,
peripheral blood was collected from proband and the parents for whole exome sequencing. Apart from
the mutation analysis of the patient, targeted mutational analysis was performed on the parents to
determine if they also had the mutations identi�ed in the proband. As a result, the molecular study
revealed compound heterozygous mutations in the FANCA gene of the proband. One mutation was a
previously unreported heterozygous nonsense mutation, c.367C>T (p.Gln123*), which caused the protein
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encoded by the FANCA gene to terminate prematurely at the 123rd amino acid. The other one was a novel
heterozygous mutation, c.3971_3972delCGinsTT (p.Pro13241.cu), caused by a combination of
c.3971C>T (p.Pro13241.cu) and c.3972G>T (Pro1324Pro) linkage mutations (Figure 4A, 4B). The two
heterozygous mutations were inherited from his father and mother, respectively (Figure 5). The variant
was queried against the public version of the Human Gene Mutation Database (HGMD,
http://www.hgmd.cf.ac.uk/). Finally, clinical diagnosis of FA was made on the basis of clinical features,
bone marrow biopsy and genetic testing analysis.

Results
In consideration of the pancytopenia and substantially increased risk of toxicity with chemotherapy,
especially DNA cross-linking agents like cisplatin, thus immediate discontinuation of cisplatin was
determined. However, during the 8 months of bone marrow recovery therapy with cessation of concurrent
cisplatin/radiation, DCE-MRI showed the tumor had increased in size to 3.7 X 3.0 X 3.1 cm (Figure 1B).
Given his aggressive disease, the risk of locoregional failure and symptomatic progression was
considered to outweigh the risk of treatment-related adverse event. After multidisciplinary diagnosis and
treatment with experts of hematology, radiation oncology and oncology internal medicine, we modi�ed
the IMRT plan to the dose of GTV 2.0Gy*30f, GTVlnL 2.0Gy*30f, GTVlnR 2.0Gy*30f, CTV 1.8Gy*30f to
reduce radiation toxicity. After improvement of blood cells with the intensive support care, the patient
completed 21 fractions of IMRT and the tumor size had decreased to 3.2 X 2.3 X 2.8 cm (Figure 1C).
During the treatment, he had Radiation Therapy Oncology Group (RTOG) grade 1 toxicity of skin and
mucosa. Unfortunately, he deteriorated progressively after discharge and died from disease progression
after 5 months of follow-up.

Discussion
FA is a disease in which underlying human genome instability plays an important role. With a rare
incidence of one to �ve cases per million persons, heterozygous carrier frequency of FA is one in 300
persons (21). In certain populations, such as Ashkenazi Jews and Spanish gypsies, the carrier frequency
is believed to be as high as 1/100 (22, 23). Cases of FA are usually diagnosed through recognition of
congenital and hematological abnormalities, with a median age of diagnosis at 4.8-7.5 years (24, 25);
therefore, it is rarely considered for diagnosis in adults.

FA patients are at high risk for the development of hematological malignancies and various solid tumors
especially HNSCC. Onset of tumors in patients with FA is as early as 16 to 31 and shows a more
aggressive behavior. Interestingly, 22% of FA patients who develop solid tumors are diagnosed with FA
only after discovery of their cancer (26). In this case, the diagnosis of FA was atypical, presenting in an
adult, and made only after unexpected toxicity of DNA cross-linking agents in an initially assumed
sporadic malignancy. Therefore, FA should be considered in early-onset malignancies, especially if a
typical FA-related malignancy is diagnosed. In addition, severe hematologic abnormalities of the patient
did not appear until initiation of systemic tumor therapy. In some FA patients, genomic duplication is
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reversed to wild-type alleles in hematopoietic tissues, which can induce spontaneous correction of
hematological alterations. In non-hematopoietic tissue, the biallelic inactivation stills remains, and thus
the patient harbors mosaicism for the mutated FA gene (27). This phenomenon may explain a milder
haematological phenotype for this patient with FA. Notably, FA is a heterogeneous disease and 30% of FA
patients can present without any congenital abnormalities (3, 28). Thus, lack of physical manifestations
does not preclude a diagnosis of FA.

Chemotherapy is one treatment option of most patients presenting with recurrent/metastatic HNSCC. It
also can be used as a radiation sensitizer. Cisplatin is a DNA cross-linking agent recommended to be
used in patients with oral cancer. However, people with FA have a substantially increased risk of toxicity
to this kind of agent. It has been reported that one patient developed high-grade mucositis, cytopenia,
tracheal stenosis, radiation pneumonitis, recurrent pneumonia, persistent myelosuppression and
hemorrhage after receiving radiotherapy with cisplatin, bleomycin and methotrexate (29). In the present
patient, the cisplatin chemotherapeutic regime was given before the diagnosis of FA. Severe and
persistent bone marrow failure was observed and the treatment plan was interrupted, which most likely
resulted from the chemotherapy. Although concurrent radio-chemotherapy is recommended to treat
inoperable oral cancer patients, patients with FA may experience potentially fatal bone marrow toxicity
from concurrent radio-chemotherapy; therefore, cytotoxic chemotherapy is discouraged for these patients.
Most importantly, timely identi�cation of underlying FA would lead to a different therapeutic approach
with a potential better outcome.

However, FA patients with HNSCC tend to have a poor prognosis, which is associated with the aggressive
disease presentation and the limitations of multimodality therapy due to potential bone marrow failure
(30). Given the bone marrow abnormalities and low tolerance to standard therapies, treatment is more
challenging in these patients. Radiotherapy has been served as a de�nitive treatment in many FA patients
with HNSCC given the signi�cant but acceptable toxicity; 70 Gy was recommended for de�nitive initial
treatment (31). However, these patients have a signi�cantly increased complication rate compared with
the general HNSCC population, sometimes patients with FA even cannot complete full course of the
treatment (32). Based on the International Fanconi Anemia Registry (IFAR) series, radiation-related side
effects including anemia, thrombocytopenia, myelosuppression, skin ulceration and stenosis of the
trachea were observed in the 8 FA patients treated with 40-61Gy radiotherapy (15). Previous studies have
reported that doses of radiotherapy ranged from 3.2 to 80 Gy and the acute hematologic toxicity was
individualized. Severe radiation-related toxicity could occur in a low dose such as 8 Gy in some FA
patient, while the higher dose was acceptable in others (33-35). In this case, the patient was initially
treated with 24.2 Gy IMRT in 11 fractions. After 8 months interruption of treatment, standard
chemotherapy agent was not considered after diagnosis of FA in the patient due to the risk of
unacceptable myelosuppression and irreversible aplastic anemia. IMRT of 42Gy/21f was then treated to
the progressed tumor. From the DCE-MRI evaluation, radiotherapy has successfully alleviated the
symptoms of tumor invasion and progression, and the radiation-related side effects were acceptable.
Combined with the above evidence, a precise dose of radiotherapy with careful toxicity assessment is
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needed for each patient to enhance the treatment, since other therapeutic options are not available
because of the high risk.

For FA patients with HNSCC, longer duration treatment courses with lower dose per fraction of
radiotherapy may maximize the therapeutic effect and reduce complications. Furthermore, in view of the
adaptability of dose and target volume, application of the technique allowing the best sparing of healthy
tissues, such as IMRT with image-guided radiotherapy and intensity-modulated proton therapy, may be a
safer option (36). Overall, any decision on different modalities of management in such patients should be
based on a balance between locoregional control and therapeutic toxicity.

Conclusions
In general, the patient with a classically FA-associated early-onset cancer in this case can serve as a
reminder to consider the diagnosis of FA in young patients who develop HNSCC in the absence of risk
factors. Clinicians involved in the care of such patients should conduct an in-depth investigation of the
patient's family history and accurate genetic testing, in order to timely diagnosis with FA to permit more
effective oncological treatment strategies and improved outcomes. Moreover, for the treatment of
inoperable FA patients with local HNSCC, chemotherapy is not suggested due to the related toxicities,
while higher dose of radiotherapy on the tumor may be associated with a better survival.
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Figure 1

DCE-MRI of the maxillofacial region showed mass located at the right side of tongue dorsum. (A) DCE-
MRI before the treatment with concurrent cisplatin/radiation, the tumor size measured 1.6 X 1.4 X 1.7 cm.
(B) DCE-MRI during the 8 months of bone marrow recovery therapy with cessation of concurrent
cisplatin/radiation, the tumor size had increased to 3.7 X 3.0 X 3.1 cm. (C) DCE-MRI after completion of
21 fractions of reduced-dose radiotherapy, the tumor size had decreased to 3.2 X 2.3 X 2.8 cm. DCE-MRI,
dynamic contrast-enhanced magnetic resonance imaging.
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dynamic contrast-enhanced magnetic resonance imaging.
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Figure 2

A pathological biopsy demonstrated highly differentiated squamous cell carcinoma. (A) Hematoxylin-
eosin, original magni�cation 40X. (B) Hematoxylin-eosin, original magni�cation 200X.

Figure 2
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A pathological biopsy demonstrated highly differentiated squamous cell carcinoma. (A) Hematoxylin-
eosin, original magni�cation 40X. (B) Hematoxylin-eosin, original magni�cation 200X.

Figure 3

(A) and (B). Physical examination showed generalized hyperpigmentation of the skin, accompanied by a
few café au lait spots, particularly of the upper extremities.

Figure 3
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(A) and (B). Physical examination showed generalized hyperpigmentation of the skin, accompanied by a
few café au lait spots, particularly of the upper extremities.

Figure 4

Fanconi anemia complementation group A gene sequence diagram of the patient. (A) c.367C>T was
detected in the patient and his father. (B) c.3971_3972delCGinsTT was detected in the patient and his
mother. Variants were indicated with arrows; wt, wild type.



Page 15/17

Figure 4

Fanconi anemia complementation group A gene sequence diagram of the patient. (A) c.367C>T was
detected in the patient and his father. (B) c.3971_3972delCGinsTT was detected in the patient and his
mother. Variants were indicated with arrows; wt, wild type.
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Figure 5

Pedigree of the family. Filled and open symbols denoted affected and healthy individuals, respectively. An
arrow indicated the index patient; diagonal line indicated deceased status. The mutation status was
shown next to each symbol; wt, wild type.

Figure 5
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Pedigree of the family. Filled and open symbols denoted affected and healthy individuals, respectively. An
arrow indicated the index patient; diagonal line indicated deceased status. The mutation status was
shown next to each symbol; wt, wild type.


