
Fanconi anemia (FA) is an inherited chromosomal instability 
disorder that results in the inability of cells to repair DNA 

interstrand crosslinks. The phenotype is, therefore, mainly char-
acterized by defective hematopoiesis, inherited malformations, 
and susceptibility to malignancy. Although rare, this disease is 
among the most common congenital bone marrow failure syn-
dromes. The prevalence is estimated at around 1:130,000 [1], 
and it is found in virtually every ethnic group [2]. However, FA 
usually appears more frequently in certain areas due to founder 
mutations, especially those with prevalent consanguinity [3]. 
FA is caused by mutations in more than 20 genes; most of which 
are passed on in an autosomal recessive manner [4]. Patients 
with FA have a low projected median survival of approximately 
30 years, although survival is variable [4]. 

The defects shown by patients with FA in maintaining the in-
tegrity of the genome increase their susceptibility to malignancy. 
The most common FA malignancies include acute myelodysplas-
tic syndrome (MDS) and myeloid leukemia (AML). However, 
different registries have shown that solid tumors [5,6] are also 
prevalent among patients with FA, especially younger ones [6]. 
Contrary to MDS/AML, where the risk of FA patients flattens out 
between ages 30 and 40 years [7-9], the risk of developing a solid 
tumor keeps rising significantly every year, with almost one-third 
of those diagnosed with FA expected to develop a solid tumor 
by the age of 48 years [10]. Approximately 76% of patients with 
FA develop solid tumors by the age of 45 years; meanwhile, they 
have a median age of 16 years for cancer, compared to 68 years 
for the general population [11]. This increased incidence of head 
and neck squamous cell carcinoma (HNSCC) in FA patients is 
noted, especially regarding oral cavity squamous cell carcinoma 
[7], even with little history of alcohol or tobacco consumption, 
which are among the common causes of HNSCC in the gener-
al population. Moreover, FA patients with HNSCC have an in-
creased tendency to develop multiple malignancies [5,6] and with 
an increased incidence of aggressive HNSCC.



The standard method of treating HNSCC includes a combi-
nation of surgery, chemotherapy, and radiotherapy, depending 
on the specific characteristics of the tumor. There is a high rate 
of adverse effects of radiotherapy [5] among FA patients, and 
this outcome must be considered. High-grade mucositis is a sig-
nificant complication observed in 34% to 57% of the general 
population [12] but reported in up to 75% of FA patients. Also, 
pancytopenia is common in almost 50% of patients with FA. 
Furthermore, it is important to consider the underlying stem cell 
problem that extends the recovery time of blood cells, increas-
ing patient susceptibility to systemic complications [5]. Last, 
due to the potential inherent DNA damage/repair problem, there 
is a potential treatment that is related to malignancy. In essence, 
FA establishes an extra challenge in the treatment of HNSCC. 

In this study, we discussed six FA patients with HNSCC who 
were treated at a tertiary health care center, where we were able 
to determine their unique genotype and phenotype to better un-
derstand their tumor characteristics, treatments, and outcomes.

FA was defined with the use of an abnormal chromosomal 
breakage test and genetic diagnosis of mutations in the gene. 
The patients were registered into the Israeli inherited bone 
marrow failure registry (I-IBMFR) by the hematologist treat-
ing them. Each local institutional review board verified and ap-
proved the entry of these patients into the I-IBMFR. Data were 
collected and entered into the registry annually. These data are 
available for extraction by the treating physician or by research 
teams from institutional databases and included demographics, 
clinical characteristics, molecular diagnosis, laboratory data (in-
cluding chromosomal breakage tests results), and data regard-
ing head and neck cancer, including symptoms, physical exam 
signs, imaging data, adjuvant therapy complications, surgical 
treatment, and prognosis. All patients with HNSCC underwent 
a biopsy to confirm their cancer diagnosis.

Statistical analyses were performed using IBM Statistical 
Package for the Social Sciences statistics software, version 
25 (SPSS, IBM Corp, Armonk, NY, USA). Survival time was 
calculated with the difference between the date of death or last 
follow-up and the date of biopsy or surgery, respectively. The 
calculation of the disease-specific survival time was conducted 
as time elapsed in months between the biopsy or surgery date 
and the date of last follow-up or date of death from the disease. 
Recurrence-free survival time was calculated as time elapsed 
in months between disease recurrence and surgery. Overall and 
disease-specific survival times were estimated using the Ka-
plan-Meier method.

A total of 111 patients diagnosed with FA were added to the I-BM-
FR between1980 and 2016. All were followed for a median of 15 
(range 0.1–49) years. The median survival time was 27.9 years 
(Brookmeyer-Crowley 95% confidence interval 24–35 years). 

We identified six patients with FA and HNSCC from the cohort, 
two males and four females, aged 15–49 (median, 29) years. Four 
patients were Israeli Jews and two Israeli Arabs. Consanguinity was 
reported in four patients. Among these, one patient had an environ-
mental risk factor: tobacco use. Two patients did hematopoietic cell 
transplantation before the development of the primary tumor. The 
FA groups varied with group A dominating, as shown in Table 1.

Further information regarding clinical presentation and treat-
ment is presented in Table 2, Table 3, and Table 4. Up to 83% of 
the patients underwent a comprehensive genetic analysis. Among 
the genetically proven patients, four were found to have mutations 
in the  gene group. One patient was presumed as hetero-
zygous with a diagnosis of  in one allele from the maternal 
side, without reaching out to the paternal side mutation. One of the 
patients died before the genetic diagnosis was available.

The average age at which HNSCC was first observed was 30 
years. HNSCC was the first cancer in 5/6 patients (83%), while 
3 patients (50%) developed metachronous malignancies during 
the follow-up period. The primary tumor site in four patients 
(57%) was the oral cavity, the larynx in one (14%), the hypo-
pharynx in one (14%), and the cervical esophagus in one (14%). 
One patient had a metachronous second primary HNSCC. For 
tumor, node, and metastasis, (TNM) staging, one patient (14%) 
had a stage I tumor and three (42%) had stage IV tumors. None 
of the patients had distant metastases at diagnosis.

Surgical pathology reports and paraffin-embedded specimens 
were obtained from the treating institution and confirmed HN-
SCC in all patients. The pathology is detailed in Table 2. The tu-
mor sizes in the FA patients ranged between 1.8 mm and 80 mm 
in the first primary cancer. Margin status was available in three 
cases, two of which had positive margins while the remaining 
one had negative margins for tumors.

Primary surgery

Four of the six patients underwent primary surgery. Patient 2 
underwent a total esophagectomy, leaving suspicious tissue 



due to adhesions on the carina. Patient 3 underwent a partial 
glossectomy and unilateral supraomohyoid neck dissection. 
Due to the second primary malignancy, patient 3 also had a to-
tal esophagectomy and gastric pull-up. Patient 5 did a subtotal 
glossectomy, mandibulotomy, and bilateral neck dissection with 
no complete tumor excision due to intraoperative jugular vein 
hemorrhage. One patient was not operated on.

Radiotherapy

A total of three patients completed radiotherapy during treat-
ment. One had primary radiotherapy for cervical esophageal 
SCC with a total dose of 66 Gy, and two did adjuvant radiother-
apy with a total dose of 7000 rad (70 Gy) each, with fields to the 
neck and primary sites in all patients. All patients followed their 
treatment plan and completed it without early aborting.

Chemotherapy

Three patients received chemotherapy during their treatment 
course. Of these three, one received primary concurrent chemo-
radiotherapy while two received chemoradiotherapy, one for 
adjuvant therapy and one for palliation. 

Patients treated with chemoradiotherapy encountered adverse 
effects, which included mucositis, ulcers, and dysphagia. Three 
patients had grade 3 mucositis, which started earlier than ex-
pected (3 weeks, 30 Gy); however, they completed their treat-

ment. One stopped the chemotherapy, while the others had sim-
ilar symptoms without treatment. None of the patients presented 
with myelosuppression or thrombocytopenia.

In addition to HNSCC, the patients also developed various 
types of cancers, including cervical, vulval, skin, and breast. 
One patient developed a second primary HNSCC, apparently 
diagnosed by an advanced esophageal SCC (T4N1 stage IV). 

Two patients (33%) experienced a recurrence. For one patient, 
one was synchronous local recurrence while the other had syn-
chronous distant recurrence, both within a few months. The 
second patient had multiple metachronous local and distal re-
currences one year and 4 months after the primary treatment. 
Five patients died during the duration of the study. All patients 
died of HNSCC or consequential damage, including post-radio-
therapy sepsis and post-chemotherapy hematologic malignancy. 

The average overall survival time after initial surgery was 
14 months. Meanwhile, the maximal overall survival was 57 
months for a patient presenting with recurrent HNSCC, and 
15 days was the minimal overall survival due to catastrophic 
postsurgical bone marrow failure. Four patients died of the dis-
ease, and one was because of a direct postoperative event due to 
multi-organ failure [Table 3].



Two major defects play a significant role in patients with FA 
developing malignancies: defective chromosomal stability 
and immunodeficiency. Patients with FA have defects due to 
maintaining the integrity of their genome resulting in higher 
susceptibility to malignancy. The best-described malignancies 
associated with FA are hematologic in origin. Previous reports 
also suggest that patients diagnosed with FA are predisposed to 
solid tumors, particularly HNSCC and SCC. In our study, we 
described and analyzed a subset of patients with FA and HN-
SCC registered in the I-IBMFR.

The ethnic diversity in our study (67% Sephardi Jews, 33% 
Israeli Arabs) reflects the social diversity in Israel, yet does not 
reflect the propensity of Fanconi in Ashkenazi Jews. In a com-
prehensive Israeli cohort, approximately two-thirds of patients 
with FA were diagnosed with . In our cohort, 60% had 
proven the  complementation group, a similar percent-
age to the current literature [9,13] [Table 1]. 

Lustig et al. [14] reviewed the literature and identified 17 
cases of HNSCC associated with FA. Another study by Kutler et 

al. [9] reviewed 754 subjects with FA, and reported an incidence 
of developing a solid tumor of 28%. The cumulative incidence 
of developing HNSCC by the age of 40 years was 14%.

FA patients are not only predisposed to develop HNSCC, 
but also have an earlier onset of HNSCC. Patients with pheno-
typically mild FA who do not develop bone marrow failure or 
leukemia and survive into the third decade of life are at signif-
icant risk of developing HNSCC. Also, as the life expectancies 
of more severely affected patients with FA increase with im-
provements in hematopoietic stem-cell transplantation (HSCT), 
the number of patients developing HNSCC will most likely in-
crease. A history of HSCT has been shown to cause an increase 
in the risk of FA patients developing subsequent solid malignan-
cies, especially HNSCC [9,13,15]. 

In this study, we found FA patients developing HNSCC at 
very young ages compared to the general population. A medi-
an of 30 years was observed in our population of FA patients 
compared to the reported median of 63 years in the general 
population [16]. HNSCC often develops without a history of 
known risk factors in the general population. However, it could 
be that a small amount of alcohol consumption, which perhaps 
would not be considered significant by patients, may have a 



carcinogenic effect in FA patients. From reports documenting 
HNSCC development at ages as early as 13 years old in FA 
patients [11], increasing awareness and screening for HNSCC 
in this population is very important and should begin at a young 
age. Based on the age distribution of this study, screening of the 
oral cavity and oropharynx should start before 15 years of age. 
This screening would include a detailed evaluation and phys-
ical examination of the FA patient every 3 to 4 months by an 
expert in head and neck diseases. Also, fiber optic evaluation 
of the larynx and hypopharynx should be conducted to detect 
early cancers of the larynx and pharynx. However, in patients 
with FA with a history of precancerous leukoplakia or recur-
rent oral lesions, head and neck examinations are recommended 
every 6 to 8 weeks. Identifying HNSCC and intervening ear-
ly with appropriate therapeutic solutions may reduce the need 
for more aggressive surgical solutions, thus improving survival 
[17]. However, young patients found with HNSCC are primary 
candidates for FA screening.

HNSCC in FA patients occurred in the oral cavity, partic-
ularly in the tongue (4/4, 100%). This finding is similar to the 
conclusions of a review by Lustig et al. [14], who found a 52% 
incidence of tongue carcinoma. The affinity of FA-associated 
SCC to the oral cavity, especially to the tongue, is striking be-
cause the incidence of tongue carcinoma in the general popula-
tion is only 10–20% [18]. The development of multiple primary 
malignancies, particularly SCC, is another common finding in 
patients with FA. The reason for FA patients having a very high 
susceptibility to developing multiple oral cavity SCCs and sec-
ondary mucous membrane SCCs is unclear [19]. 

A hypothesis for predisposition to multiple SCCs is the pos-
sible increased susceptibility of the oral cavity and genital re-
gion to local predisposing factors, including viruses. The associ-
ation with viruses is interesting because mucous membranes are 
generally, standard routes for oncogenic viral infections, espe-
cially human papillomavirus. The underlying genetic instability 
of FA patients, in addition to the immunosuppression that results 
from persistent bone marrow failure, may predispose them to 
viral infections. 

The primary treatment modality for FA patients with HN-
SCC is surgery because of the potential risks associated with 
primary radiotherapy and chemotherapy. One patient had severe 
bone marrow failure after a direct micro laryngoscopy biopsy 
and died 13 days post-surgery. Due to such complications, a 
hematologist should also be available postoperatively to help 
manage any complicating hematologic abnormalities.

There is controversy in the literature regarding the use of 
primary radiation and adjuvant radiation in patients with FA. 
While some suggest these treatments are too toxic and should 
be avoided, a literature review by Lustig et al. [14] reported 
five patients treated for HNSCC with radiotherapy as primary 
or adjuvant treatment who tolerated radiotherapy without seri-
ous adverse events. In our study, radiotherapy was part of the 

treatment in three patients, all of whom presented with compli-
cations starting at low doses of radiotherapy, which were man-
ageable with conservative treatments. Since the tumors of FA 
patients carry FA mutations, sensitivity to radiotherapy may be 
higher for these tumors. 

Most studies find FA patients have more complications than 
the general population, the most common being high-grade mu-
cositis, dysphagia, xerostomia, and taste changes. The range of 
high-grade mucositis in the general population is between 34% 
and 57% [12]. Mucositis was observed in all three (100%) pa-
tients in our cohort, highlighting the high risk it poses to FA pa-
tients. In addition, we did not record any case of pancytopenia 
with our patients. This complication is rare in radiotherapy with 
the general population but is a high-risk condition for FA patients.

Based on this case series, it is clear that FA patients should 
not be precluded from receiving postoperative radiotherapy. 
However, we highly recommend radiotherapy with frequent 
monitoring of complete blood count and careful white blood 
cell count monitoring, in particular, required to prevent poten-
tial infections and sepsis. We also recommend keen monitoring 
of mucositis, especially as severe mucositis can curb the com-
pletion of radiotherapy. In radiotherapy treatment plan develop-
ment, longer courses at lower daily doses can serve to reduce the 
risk of developing problematic toxicities. Moreover, an accurate 
surgical nutrition route should be considered with enriched for-
mulas due to the severe mucositis.

The overall survival in our study was lower than 50%, with a 
recorded median overall survival time of 12 months. Compared 
with other studies evaluating outcomes for patients with oral 
cavity SCC younger than 35 years, the outcome for our patients 
with FA-associated HNSCC was significantly worse. In a previ-
ous study of patients younger than 35 years with oral cavity car-
cinoma, the 5-year survival was 57.3% [20]. Another study [21] 
analyzing 12 patients younger than 35 years showed a 2-year 
survival of 57%. The underlying genomic instability in patients 
with FA may increase the likelihood of developing genomic al-
terations that select for a more aggressive cancer phenotype or 
increase early disease recurrence risk. 

First, this is a small cohort study based on the I-IBMFR. Sec-
ond, there was no prospectively defined study design. Specifi-
cally, physicians reported malignancy development even after 
the patients were entered into the registry. Third, we assumed 
completeness and accuracy of data reporting. There were no au-
dits for reporting centers. However, using this registry, we eval-
uated HNSCC in this rare population of patients with a known 
genetic disease characterized by chromosomal instability.

The incidence of aggressive HNSCC is higher in FA patients, 
which often occurs at young ages and of a poor prognosis. Thus, 



careful screening of the head and neck region in patients with FA is 
essential for detecting suspicious lesions at an early stage. Primary 
surgery remains the treatment of choice when feasible. However, 
radiotherapy or concurrent chemoradiotherapy may be safely used 
in FA patients as either primary or adjuvant therapy treatment. 
Last, the strong association between FA and HNSCC makes it an 
excellent platform for studying the role of chromosomal instability 
in the initiation and progression of young patients.

Infectious viral load (VL) expelled as droplets and aerosols 
by infected individuals partly determines transmission 
of severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2). RNA VL measured by qRT–PCR is only a 
weak proxy for infectiousness. In this study, Puhach and 
colleagues quantified infectious VL in individuals infected 
with SARS-CoV-2 during the first five symptomatic days 
by in vitro culturability assay in unvaccinated or vaccinated 
individuals infected with pre-variant of concern (pre-VOC) 
SARS-CoV-2, Delta, or Omicron BA.1. Unvaccinated 
individuals infected with pre-VOC SARS-CoV-2 had lower 
infectious VL than Delta-infected unvaccinated individuals. 

the second dose during the primary vaccination series) 
significantly reduced infectious VL for Delta breakthrough 

cases compared to unvaccinated individuals. For Omicron 
BA.1 breakthrough cases, reduced infectious VL was 
observed only in boosted but not in fully vaccinated 
individuals compared to unvaccinated individuals. In 
addition, infectious VL was lower in fully vaccinated 
Omicron BA.1-infected individuals compared to fully 
vaccinated Delta-infected individuals, suggesting that 
mechanisms other than increased infectious VL contribute 
to the high infectiousness of SARS-CoV-2 Omicron 
BA.1.These findings indicate that vaccines may lower 
transmission risk and, therefore, have a public health 
benefit beyond the individual protection from severe 
disease.


