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Purpose: Fanconi anemia (FA) is a rare genetic disorder characterized by congenital
anomalies, progressive bone marrow failure and high susceptibility to solid tumors, espe-
cially 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.

Patients and Methods: We present a case of a 33-year-old man with carcinoma of oral
tongue (TIN2MO), 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 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 23 FANC genes revealed two novel heterozygous mutations,
¢.367C>T and ¢.3971_3972delCGinsTT 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 eventually died of locoregional disease progression.
Conclusion: 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 conclusion, any deci-
sion on different modalities of management in such patients should be based on a balance
between locoregional control and therapeutic toxicity.

Keywords: fanconi anemia, radiotherapy, cisplatin, head and neck squamous cell carcinoma,
toxicity

Introduction
Fanconi anemia (FA) is a multisystem disorder characterized by congenital abnorm-
alities, progressive bone marrow failure and pancytopenia, high susceptibility to
acute myeloid leukemia and solid tumors." In FA patients, hematological abnorm-
alities usually appear within the first decade of life, which eventually develop
pancytopenia and even bone marrow failure.” Congenital anomalies include skeletal
malformations (short stature, microcephaly, or hypoplastic thumb), organ abnorm-
alities (renal, ophthalmic, ear, cardiac, and genital), abnormal skin pigmentation
like café au lait spots, and intellectual disability.> These further prove that FA is
a pleiotropic disease on the phenotype.

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
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are the most common, involved in 60—65% of reported
cases.* All mutations in FA genes are inherited in an
autosomal recessive manner, with the exception of
FANCB and RADS51, which are inherited in an X-linked
manner and autosomal dominant manner, respectively.’
Products of these FA genes appear to interact in
a common cellular pathway and participate in various
aspects of DNA repair, particularly DNA interstrand cross-
link repair, genomic stabilization, and regulation of down-
stream proteins.®’ 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 mono-
ubiquitination 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.* '° Any mutation or loss of the FA core complex
components will result in failure of monoubiquitination. In
addition, there is interaction with BRCA1/BRCA2 com-
plexes and an array of proteins involved in cell cycle
checkpoint regulation and DNA damage repair.'":'
Defects in any of these FA proteins result in genomic
instability, defective DNA repair mechanisms and an
increased risk of cancer."?

Although the risk of hematological abnormalities is
higher in childhood, solid tumors are more common in
adults.'* Interestingly, FA patients have a significantly
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.' Compared with the general
population, the risk of head and neck cancer in FA patients
is increased by 500 to 700-fold, and the cumulative inci-
dence of solid tumors was close to 20% by the age of 65
years.'>!7 FA patients with hematopoietic dysfunction
usually require supportive treatment such as blood transfu-
sions, hematopoietic growth factor and androgen replace-
ment 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.'® 2’
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.?' Third, defective recognition of
DNA damage and homologous recombination repair dis-
orders may induce abnormal toxicity of radiotherapy.”

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. This study was in line with the
Declaration of Helsinki and was approved by the Ethics
Committee of Sichuan Cancer Hospital & Institute. The
patient’s parents have provided the written informed con-
sent for this article.

Patients and Methods

The Patient and Initial Treatment

A 33-year-old man without history of drinking and smok-
ing 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
superficial lymph node 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 significant cervical lympha-
denopathy (Figure 1A). A pathological biopsy performed
under local anesthesia demonstrated highly differentiated
squamous cell carcinoma (Figure 2A and B). As a result,
a diagnosis of T2N2MO (stage III) squamous cell carci-
noma 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
inoperable locally advanced HNSCC, according to the
National Comprehensive Cancer Network (NCCN) guide-
lines. He received 13 days of single-dose cisplatin therapy
(40 mg/m?, d1-d3) combined with 11 fractions of daily
intensity-modulated radiation therapy (IMRT). The pre-
scribed doses of each target area were as follows: 2.2Gy/
f for the primary tumor determined by DCE-MRI (gross
tumor volume, GTV), 2.2Gy/f for gross tumor volume of
lymph nodes (GTVIn), 2.0Gy/f for clinical target volume
(CTV) which extended 1 cm from GTV and included the
whole tongue, root of tongue, mouth floor and condylar
tongue muscle, 1.8Gy/f for clinical target volume of lymph
nodes (CTVIn) which included I, II, III, IV and VA areas
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Figure | DCE-MRI of the maxillofacial region showed the 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 |.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. The white arrows indicated the location of the tumor. DCE-MRI, dynamic contrast-enhanced magnetic resonance imaging.

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

original magnification 200X.

on both sides, 5 fractions/week. However, the treatment
discontinued due to the pancytopenia (total leukocyte
count: 2.02 x 10%/L; hemoglobin count: 72 g/L; platelet
count: 87 x 10%/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 pancy-
topenia, 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 character-
istics of FA were determined. The patient exhibited short
stature and microcephaly. In addition, he also exhibited
generalized hyperpigmentation of the skin and a thumb
malformation of the right hand, accompanied by a few
café au lait spots, particularly of the upper extremities
(Figure 3A and B). The patient was born to unrelated
parents and had a younger brother of normal stature.
Besides, his parents displayed no phenotypic signs of
hereditary syndromes.
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Figure 3 (A and B) Physical examination showed generalized hyperpigmentation of the skin and a thumb malformation of the right hand, accompanied by a few café au lait

spots, particularly of the upper extremities.

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 muta-
tions identified 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 muta-
tion, ¢.367C>T, which caused the protein encoded by
FANCA gene to terminate prematurely at the 123rd
amino acid. Another one was a novel heterozygous
mutation, ¢.3971 3972delCGinsTT, caused by
a combination of ¢.3971C>T and ¢.3972G>T linkage
mutations (Figure 4A and B). 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 progres-
sion 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 modified
the IMRT plan to reduce radiation toxicity. The revised
doses of each target area were as follows: 2.0Gy*30f for
GTV, 2.0Gy*30f for cross tumor volume of left lymph
nodes (GTVInL), 2.0Gy*30f for cross tumor volume of
right lymph nodes (GTVInR), 1.8Gy*30f for CTV. 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). Since there was an §-month interruption between the
two radiotherapy, we treated the patient with re-
irradiation for the second process radiotherapy and
planned 60 Gy for this course. However, canker sores
occurred when the patient received 36 Gy radiation, and
it aggravated with the increase of dose. The severity of
mucositis was evaluated as grade III according to
Radiation Therapy Oncology Group (RTOG V4.3) when
the patient received 42 Gy radiation. Given the decreased
lesion size and relief of tumor invasion, he was consid-
ered not suitable to finish the remaining doses of
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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)
¢.3971_3972delCGinsTT was detected in the patient and his mother. Variants were indicated with arrows; wt, wild type.

radiotherapy in order to reduce the radiation-related toxi-
city. 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 five cases per million persons, heterozygous
carrier frequency of FA is one in 300 persons.”® In
Ashkenazi
Spanish Romani, the carrier frequency is believed to
be as high as 1/100.2** Cases of FA are usually diag-
nosed through recognition of congenital and hematolo-

certain populations, such as Jews and

gical abnormalities, with a median age of diagnosis at
4.8-7.5 years;*®?” 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 espe-
cially 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.”® In this case, the diagnosis of FA was atypi-
cal, 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 hematological abnormalities of the patient did not
appear until initiation of systemic tumor therapy. In some
FA patients, genomic duplication is reversed to wild-type
alleles in hematopoietic tissues, which can induce sponta-
correction alterations. In

neous of hematological
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c.367C>T/wt

Q €.3971_3972delCGinsTT/wt

€.367C>T/
€.3971_3972delCGinsTT

/1

h €.3971_3972delCGinsTT/wt

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.

non-hematopoietic tissue, the biallelic inactivation stills
remains, and thus the patient harbors mosaicism for the
mutated FA gene.”” This phenomenon may explain
a milder hematological phenotype for this patient with
FA. Notably, FA is a heterogeneous disease and 30% of
FA patients can present without any congenital
abnormalities.*>° Thus, lack of physical manifestations
does not preclude a diagnosis of FA.

Standard treatments for non-FA HNSCC recommended
by NCCN guidelines include surgery, radiotherapy and
chemotherapeutic agents such as cisplatin. However, FA
patients diagnosed with HNSCC have limited options for
treatment because of low tolerance to adverse effects from
highly toxic radiation and chemotherapy, leaving surgery
as the preferred primary therapy.’'~? Most commonly,
radical surgical excision with negative margins is required.
Extensive radical surgery is sometimes needed to remove
advanced cancer, and microvascular free flap reconstruc-
tion may be required.'® Previous studies have shown that
FA patient can tolerate surgeries with free flap reconstruc-
tion without significant morbidity or mortality; therefore,
such large complex surgeries should be carefully consid-
ered before developing a treatment plan.**** Moreover,
there are potentially increased perioperative risks.
Surgeons must be aware of potential need for blood or
platelet transfusion both preoperatively and postopera-
tively, and the increased susceptibility to postoperative
complications such as hematomas, poor wound healing,

infections and aspiration pneumonia.'”” In a study of

HNSCC associated with FA, postoperative complications
occurred in 7 of 30 patients (23%), but most patients
tolerated surgeries well and did not develop severe bone
marrow failure during the postoperative hospitalization.*’
Although the surgical removal of tumor is currently the
optimal option, this is usually not curative for FA patients
who are diagnosed with secondary tumors or highly
aggressive tumors that are difficult to remove. In addition,
even after successful surgeries with clear margins, rapid
local recurrence is common in FA patients. In our case,
given the pancytopenia of his disease, it was not felt that
he was an appropriate candidate for surgical resection of
the tumor. Despite the improvement of blood counts with
supportive care, the hematological parameters remained
unstable Considering the great intraoperative risk, after
discussion with the patient and his family, the decision
was made for concurrent radio-chemotherapy to reduce the
tumor size. In general, appropriately aggressive oncologic
surgery should be considered in FA patients, and special
considerations regarding inadequate management with sur-
gical resection alone for locally advanced disease should
also be a part of the normal therapy evaluation of FA
patients.

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
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reported that one patient developed high-grade mucositis,
cytopenia, tracheal stenosis, radiation pneumonitis, recur-
rent pneumonia, persistent myelosuppression and hemor-
rhage after receiving radiotherapy with cisplatin,
bleomycin and methotrexate.’® In the present patient, the
cisplatin chemotherapeutic regimen was given before the
diagnosis of FA. Severe and persistent bone marrow fail-
ure 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 identification of underlying FA would
lead to a different therapeutic approach with a potentially
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.*® Given the bone
marrow abnormalities and low tolerance to standard thera-
pies, treatment is more challenging in these patients.
Radiotherapy has been served as a definitive treatment in
many FA patients with HNSCC given the significant but
acceptable toxicity. For instance, 70 Gy was recommended
for the definitive initial treatment in a previous study.*’
However, these patients have a significantly increased
complication rate compared with the general HNSCC
population, sometimes patients with FA even cannot com-
plete full course of the treatment.*® Based on the
International Fanconi Anemia Registry (IFAR) series,
radiation-related side effects including anemia, thrombo-
cytopenia, myelosuppression, skin ulceration and stenosis
of the trachea were observed in the 8 FA patients treated
with 40-61Gy radiotherapy.'> 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.***' 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 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 treat-
ment courses with lower dose per fraction of radiotherapy
may maximize the therapeutic effect and reduce complica-
tions. 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 ther-
apy, may be a safer option.*” Overall, any decision on
different modalities of management in such patients
should be based on a balance between locoregional control
and therapeutic toxicity.

Tremendous strides have been made recently for cancer
treatment in non-FA cancers. Currently, drugs approved by
Food and Drug Administration (FDA) for the treatment of
HNSCC in the general population include conventional
cytotoxic agents and antibodies such as cetuximab and
gefitinib, which target the epidermal growth factor recep-
tor (EGFR), and nivolumab and pembrolizumab, which
target the immune checkpoint protein. Cetuximab is so
far the only targeted therapy known to demonstrate an
overall survival (OS) benefit in patients with recurrent
and/or metastatic HNSCC, whether in combination with
radiotherapy or chemotherapy.***** A previous case report
provided detailed evidence that the patient treated with
postoperative radiotherapy with concurrent cetuximab.’®
Although the patient developed grade 3 dermatitis and
mucositis during treatment, he was able to finish the pre-
scribed 70.2 Gy without interruption. After an initial dose
of 400 mg/m?* of cetuximab, he developed neutropenia,
prompting a subsequent dose reduction to 200 mg/m>.
Another study reported on three patients who received
targeted chemotherapy with cetuximab in addition to adju-
vant or neoadjuvant radiotherapy. Of these three patients
treated with cetuximab, only one patient experienced
complications.>® These evidences above suggest that adju-
vant radiation with concurrent cetuximab is feasible with
careful monitoring.

Currently, several large Phase III clinical trials have eval-
uated the efficacy of tyrosine kinase inhibitors (TKIs) in
patients with advanced HNSCC, such as gefitinib and afatinib
(alone or in combination with docetaxel). As a result, in
a recurrent and/or metastatic setting, gefitinib and afatinib
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failed to improve OS when compared with standard
treatments.*>*’ However, a previous study reported that
a FA patient with advanced tongue cancer was treated with
gefitinib 250 mg/day for palliation. Two months later, the
lesion size decreased (from 2.6 X 3.6 cmto 1.5 X 1.3 cm) and
no skin rash or diarrhea developed during the treatment.*® In
addition, Montanuy et al recently present a complete precli-
nical evidence that gefitinib and afatinib both inhibited tumor
growth in xenograft experiments in immunodeficient mice
using two fanconi anemia patient-derived HNSCC and dis-
played manageable side effects.*” Taken together, gefitinib
appears to be a safe and effective therapeutic modality with-
out severe toxicity and may be applicable to FA patients with
advanced HNSCC, but more research needs to be done in the
future to validate its potential use.

Immunotherapy for HNSCC such as the application of
immune checkpoint inhibitors (ICIs), is considered as
a nonnegligible treatment in recent years, focusing on mobi-
lizing and strengthening the anti-tumor ability of human
immune system. However, the immunotherapeutic potential
of FA patients with HNSCC is currently unknown. Factors to
be considered include an understanding of the mutational
burden in HNSCC associated with FA, the role of bone mar-
row transplantation, the presence of acute and chronic graft-
versus-host disease (GvHD) and the adverse effects of ICIs.>
In our case, the patient was newly diagnosed with tongue
cancer. Nevertheless, based on recent results of clinical trials,
IClIs are recommended to treat recurrent or metastatic HNSCC
patients.’’>? Since other treatment options were limited by
low tolerance to adverse effects, ICIs were recommended for
this patient, but the patient refused because of economic

reasons.

Conclusion

In conclusion, 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 patients’ family history and
accurate genetic testing, in order to timely diagnosis with
FA to permit more effective oncological treatment strate-
gies and improved outcomes. Moreover, for the treatment
of inoperable FA patients with local HNSCC, chemother-
apy is not suggested due to the fatal myelotoxicity, while
reduced dose of radiotherapy on the tumor may be asso-
ciated with a better survival.
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