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Patients affected by squamous cell carcinoma of
the head and neck: A population particularly prone
to developing severe forms of COVID-19
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Abstract. Severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) is responsible for the recent Coronavirus
Disease 2019 (COVID-19) pandemic, which has spread all over
the world over the past year. Comorbidities appear to affect
the prognosis of patients with such diseases, but the impact
of cancer on the course of SARS-CoV2 has remained largely
elusive. The aim of the present study is to analyze the outcome
of patients affected by squamous cell carcinoma of the head
and neck (SCCHN) and a number of their comorbidities, if
infected with SARS-CoV2. The clinical data of 100 patients
affected by SCCHN, who were undergoing treatment or who
had finished their oncologic treatment in the past 6 months,
were retrospectively collected and analysed. For each patient,
the Charlson Comorbidity Index (CCI) was calculated to
provide a score assessing the real weight of comorbidities
on the patient's outcome at the time of diagnosis. It was
discovered that these patients, besides the SCCHN, frequently
presented at diagnosis with several other comorbidities,
including hypertension, type 2 diabetes, cardiac arrhytmia,
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chronic obstructive pulmonary disease and various forms of
vasculopathy (and thus a poor CCI). This feature suggest that,
given the high frequency of various comorbidities in patients
with SCCHN, additional SARS-CoV2 infection could have
particularly devastating consequences.

Introduction

Recently, severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection has spread worldwide, causing
the Coronavirus Disease 2019 (COVID-19) pandemic. The
causative pathogen SARS-CoV-2 belongs to the big family
of the coronaviruses (CoVs). Human CoVs normally cause
respiratory, gastrointestinal and neurologic diseases; outcomes
may vary from mild self-limiting disease to more severe
manifestations until death (1,2). Humans may be infected by
seven types of CoVs, four of which provoke mild self-limiting
upper respiratory disease, while the other three CoVs may
cause fatal respiratory diseases. In particular, SARS-CoV and
Middle-East Respiratory-Syndrome-Coronavirus caused two
epidemics in 2002 and in 2012, respectively. SARS-CoV-2
has generated the most recent pandemic, which started in
December 2019 in the city of Wuhan in China (3,4). Due to
high contagiousness, SARS-CoV-2 has rapidly spread beyond
the borders of China, now affecting the entire Globe.

The clinical spectrum of COVID-19 is wide, comprising
asymptomatic infection, mild upper respiratory tract disease
and in certain cases severe viral pneumonia with respiratory
failure that may be fatal. Common symptoms are fever and
cough, followed by sputum production, fatigue, musculoskel-
etal diffuse pain, diarrhea and headache. Cases that progress
to severe pneumonitis are characterized by dyspnea, cyanosis
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and fever, fitting the clinical framework of acute respiratory
distress syndrome (5-7). If this scenario occurs, comorbidities
have been reported to have a strong impact on prognosis (8).
However, due to the sparsity of data available, information
on the outcome of the disease in patients affected by cancer
has remained limited. Data emerging from the few published
papers examining the association with COVID-19 highlights
the heavy impact of cancer on prognosis (9,10). It may thus
be presumed that COVID-19 tends to have a poor outcome in
cancer patients.

The Charlson comorbidity index (CCI) has been developed
and validated as a measure of the 10-year mortality risk and
disease burden (11). This index has been extensively used
in clinical research to address the confounding influence
of comorbidities, predict outcomes, to standardize and for
self-reporting of comorbidities (12-14). In cancer patients,
radiation therapy does not appear to affect the CCI, but
patients may develop late toxicity (pharynx fibrosis, perma-
nent xerostomia, dysphagia and malnutrition), which increases
the probability to develop other comorbidities.

In clinical practice, the CCI may be used as a single numeric
score reflecting comorbidities that may assist health care profes-
sionals in stratifying patients into subgroups based on disease
severity, and developing, in turn, targeted models of care (12,15).

In the present study, data on a cohort of cancer patients
affected by squamous cell carcinoma of the head and neck
(SCCHN) were collected and analysed. The CCI was calcu-
lated for each patient. Based on the thereby obtained data (CCI
is an index of the global comorbidity status of these patients)
and based on a rigorous analysis of the pathogenesis of both
SCCHN and COVID-19, the ultimate aim of this study is to
assess the relationship between SARS-CoV-2 infection and the
outcome in patients with SCCHN.

Patients and methods

Patients and outcome. Starting from the 31th of March 2020,
clinical data of a group of consecutive patients affected by
SCCHN with ongoing/completed anticancer therapy presenting
at the outpatient clinic of the Head and Neck Medical and
Experimental Oncology Unit of the National Cancer Institute
(Naples, Italy) were retrospectively collected. Patients who had
finished chemotherapy >6 months previously were excluded.
Data regarding age at diagnosis, type of oncologic treatment,
stage of disease, number and type of comorbidities at diag-
nosis, smoking status and site of insurgence of the tumour were
collected. Sampling stopped at 100 patients. The CCI for each
individual was calculated to obtain an extra score assessing
the real weight of comorbidities on the outcome of patients at
the time-point of diagnosis. Each patient was assigned a score
ranging from 0 to 10, according to the guidelines currently
used for the calculation of the CCI (14). A score of 5 means that
the 10-year overall survival is ~21%, independently from the
therapy performed, while a score =7 translates into a 10-year
survival of 0% (10). This CCI scoring system was previously
used on patients with tumors of the gastrointestinal tract, but
the results can be extended to all other malignancies (16,17).

Statistical analysis. Data are reported in frequency tables
with numbers and percentages. Comparisons among patients

stratified by the CCI (<5 and =5) and various features were made
by using Chi-square tests for categorical variables. Fisher's
exact test was used when the Chi-square test was not applicable
(>20% of cells have expected n values <5). Multivariate logistic
regression was used to determine the probability of CCI =5 as
the outcome in relation to patient characteristics and comorbidi-
ties. Odds ratio (ORs) and corresponding confidence intervals
(CI) were computed by multivariate logistic regression models
adjusted for age, sex and other potential confounding factors to
assess risk. SPSS software version 26.0 (IBM Corp.) was used
to perform all analyses. P<0.05 was considered to indicate
statistical significance.

Results

Baseline data. Data regarding 100 patients affected by
SCCHN were collected, 52 of which were in treatment and
48 had completed therapy. The patients' data are summarised
in Table I. A total of 66 patients were male and 34 female and
the median age was 62 years (range, 27-83 years; mean age,
61.1£10.9 years). Of these, 73% had loco-regional disease,
while 27 had advanced disease (recurrent/metastatic) and the
oral cavity was the most frequent site of onset of cancer. A
total of 78 patients were smokers (light or strong smokers).
Furthermore, 86 patients had at least one comorbidity (Table IT)
and 33 of them had 3 or more comorbidities. The most
frequent comorbidity was hypertension, which was present
in 62 patients, followed by chronic obstructive pulmonary
disease (COPD, n=30) and diabetes (15).

CCl analysis. A total of 32 patients had a CCI score =7 (10-year
survival rate, 0.0%). The median CCI value was 5 (range, 2-10;
10-year survival rate, 21.3%) (10).

Based on the median CCI value, the patients were divided
into two groups, namely those with CCI <5 and those with
CCI =5.

Table III presents the distribution of CCI according to
major variables. The results indicated that older age, the
primary location of the tumor, heavy smoking and a higher
number of comorbidities were significantly related to a higher
CCI (P<0.001, 0.017,0.023 and <0.001, respectively).

Table IV indicates the distribution of comorbidities in
certain categories. The results suggested that certain categories
of comorbidities, namely the respiratory and cardiovascular
ones, were more common in the CCI =5 group (CCI =5 vs.
CCI <5,43.9% vs. 11.6%, P<0.0001; CCI =5 vs. CCI <5, 75.4%
vs. 55.8%; P=0.04).

The results of the adjusted multivariate logistic regression
indicated that the type of cancer, older age, smoking status and
respiratory disease were significant risk factors for a high CCI
(Table V). A primary tumour site in the oral cavity was signifi-
cantly associated with =5 CCI (OR=3.86, 95% CI: 1.35-11.0),
and so was an age of =60 years (OR=8.13, 95% CI: 2.88-22.9),
heavy smoking (OR=4.13, 95% CI: 1.06-16.03) and COPD I/I1
(OR=6.67,95% CI: 1.82-24.43).

Discussion

SCCHN is a heterogeneous disease arising from the first
tract of the aero-digestive ways and it accounts for 7-8% of
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Table I. Main features of 100 cases of head and neck cancer.

Feature N
Sex
Male 66
Female 34
Age (years)
Mean + SD 61.1£10.9
<50 18
51-60 27
61-70 36
>70 19
Type of cancer
Oral cavity C 39
Oropharyngeal C 21
Nasopharyngeal C 13
Larynx C 14
Hypopharyngeal C 6
Paranasal sinuses C 6
Parotid C 1
Stage
Early 2
Locally advanced 71
Recurrent/metastatic 27

Smoking status

Non-smoker 22

Smoker-light (<20/day) 33

Smoker-strong (>20/day) 45
Comorbidities (n)

0 14

1-2 53

>3 33
CCI

Median (range) 5 (2-10)

1-6 68

=7 32

C, carcinoma; CCI, Charlson Comorbidity Index; SD, standard
deviation.

all malignancies (18). Studies on the pathogenesis of SCCHN
have revealed that the host's inflammatory response has an
important role in tumour development and progression, and
the clinical condition of numerous patients is frequently
characterized by an imposing chronic inflammation, particu-
larly in the more advanced stages of the disease (19,20). This
chronic inflammatory status has been reported to be associ-
ated with both tumour burden and poor prognosis (19-22).
As this came to our attention in clinical practice, the aim of
the present study was to determine whether patients affected
by SCCHN may potentially have a higher risk of developing
severe COVID-19, and the pathogenesis of both diseases was
considered. In SCCHN, as well as in other types of solid
tumour, the serum concentration of certain pro-inflammatory

Table II. Frequency of comorbidities in 100 cases of head and
neck cancer.

Comorbidity N

Hypertension 62
Chronic obstructive pulmonary disease I/II
Type 2 diabetes

Hypothyroidism

Myocardial infarction
Hypercholesterolemia

Dyslipidemia

Chronic atrial fibrillation

Peripheral arterial disease

Arterial steno-occlusive disease of supra-aortic vessels
Hepatitis C

Alcoholic hepatitis

Chronic hepatitis

Cirrhosis

Deep vein thrombosis

Parkinson's disease

Stroke

Basedow's disease

Celiac disease

Cerebral vascular disease

Cushing's syndrome

Epilepsy

Gout

Multiple sclerosis

Obesity

Psychosis

Ulcerative colitis
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cytokines is high and one of them, interleukin (IL)-6, has
been reported to be almost always upregulated and to be
linked to resistance to anticancer therapies (23-25). IL-6 is
produced by several cell types, including tumour cells, that
has been indicated to be involved in normal cell inflam-
matory processes, in host immune defence mechanisms and
in the modulation of cellular growth (24). IL-6 is able to
easily cross the blood-brain barrier, inducing the synthesis of
prostaglandin E2 in the hypothalamus and thereby changing
the body's temperature set point. IL-6 is able to stimulate
the acute phase of protein synthesis and it also increases the
production of neutrophils in the bone marrow (26). IL-6 is
able to regulate B-lymphocyte and T regulatory lymphocyte
function, but most importantly, IL-6 is involved in the prolif-
eration and differentiation of various malignant tumour cell
types. In fact, by interacting with its receptor, IL-6 activates
the Janus kinase pathway, which results in the activation of
signal transducer and activator of transcription 3 (STAT3)
to form phosphorylated (p)STAT3. The engagement of
pSTAT3 dimers then initiates a change in the transcription
of a number of genes, including the apoptotic regulatory
genes Bcl-XL, X-linked inhibitor of apoptosis protein and
Fas and in addition, pSTAT3 binds to p53 and inhibits its
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Table III. Distribution of cases of head & neck cancer (n=100)
with a high or low Charlson Comorbidity Index (CCI)
according to selected variables.

CCI

Item <5 >5 P-value

Sex 0.310
Male 26 (60.5) 40 (70.2)

Female 17 (39.5) 17 (29.8)

Age (years) <0.001
<60 27 (62.8) 11 (19.3)
=60 16 (37.2) 46 (80.7)

Location of cancer 0.017
Oral cavity 11(25.6) 28(49.1)

All others 32(744) 29 (49.1)

Stage <0.001
Early/locally advanced 41 (953) 32(56.1)
Recurrent/metastatic 24.7) 25439

Smoking status 0.023
Non-smoker 15 (34.9) 7(12.3)
Smoker-light (<20/day) 13 (30.2) 20(35.1)
Smoker-strong (>20/day) 15 (34.9) 30 (52.6)

Comorbidities (n) <0.001
0 13 (30.2) 1(1.8)

1-2 23 (53.5) 30(52.6)
>3 7(163) 26 (45.6)

P-value was determined using the Chi-square test. CCI, Charlson
Comorbidity Index.

function as a regulator of apoptosis, thus promoting tumour
cell survival (27-29). Furthermore, IL-6 acts on the immune
system by promoting the immunosuppressive status, which
initially affects the tumour microenvironment exclusively and
subsequently the whole organism. In fact, IL-6 is not only able
to stimulate the expression of programmed death ligand 1 on
the cell membrane of tumour cells, promoting its capability to
circumvent T cell-mediated tumour killing, but also to stimu-
late the growth of the myeloid-derived suppressor cells, which
are a particular type of immune cells able to suppress the
T-cytotoxic lymphocytes, thereby affecting the anti-tumour
immune response (23,30,31).

Of note, IL-6 also has a crucial role in the pathogenesis
of severe pulmonary inflammation due to SARS-CoV-2
infection (32,33). Highly pathogenic human CoVs, including
SARS-CoV-2, frequently induce massive cell death and
cytopathy. Cell death causes extensive inflammation, which
in turn drives at least in part the high pathogenicity of
this novel CoV. The cell death induced by SARS-CoV-2
is named pyroptosis, which results in the so-called
‘pro-inflammatory cytokine storm’. The upregulation of
inflammatory cytokines, including IL-1f and IL-6, was
observed in SARS-CoV-2-infected monocyte-derived
human dendritic cells and tissue models (34,35). Overall,

SARS-CoV-2 leads to the massive synthesis of IL-1p,
which in turn, further promotes the expression of other
pro-inflammatory cytokines such as tumour necrosis factor
a and IL-6 (36,37).

On this basis, despite being different pathologies, both
HNSCC and COVID-19 share an important part of their
pathogenesis, as they share the induction of the ‘cytokine
storm’ with IL-6 being the main cytokine produced.

Another feature shared by both cancer and SARS-CoV-2
infection is the thrombotic diathesis typical of both diseases.
Cancer cells are in fact capable of producing the ‘cancer
pro-coagulant’, which is a cysteine proteinase that was
discovered for the first time both in malignant cells and in
fetal human amnion-chorion tissues (38). Furthermore,
cancer patients frequently experience a state of hyperco-
agulability due to other and different factors, such as surgery,
lodging, chemotherapy and hormone therapy. A similar
characteristic is common to patients suffering from severe
COVID-19-induced pneumonitis, who in the late phase
of the disease frequently experience intravascular coagu-
lopathy (39,40). Different causes have been brought up to
explain this feature and the most accredited appears to be the
induction of anti-phospholipid antibodies (41).

In addition to what has been said, patients affected by
SCCHN frequently present with several co-pathologies,
which in part may be due to a habit of frequent smoking (42).
In fact, COPD of varying severity, as well as heart diseases,
usually belong to the clinical picture of patients with
SCCHN and their pathogenesis is strongly related to tobacco
consumption. These observations are also in line with the
present results.

Tobacco smoking may be able to impact the pathogen-
esis of COVID-19 ‘per se’, since it has been indicated that
tobacco use significantly increases the gene expression of
angiotensin-converting enzyme 2, the binding receptor for
SARS-CoV-2, which also explains the elevated susceptibility
of smokers to COVID-19 (43). Cigarette smoking is the leading
cause of COPD, which has been identified as an independent
risk factor of severe COVID-19 (44,45). In the present study,
78% of the patients had a smoking habit.

The main conclusion is that SCCHN and COVID-19
support each other by self-empowering each other. Another
possible conclusion is that patients affected by SCCHN
have a poor comorbidity status and a poor prognosis
already at diagnosis and thus, they are characterized by a
particular clinical fragility that may make them vulnerable
to COVID-19. This last feature is well highlighted by the
poor median CCI value of 5 obtained following descriptive
analysis. However, the main limitation of this analysis, apart
for its retrospectivity, is the lack of a control group in which
patients with a poor CCI but not affected by SCCHN are
present.

The COVID-19 pandemic is a public health emergency
of international concern. Several vaccines against COVID-19
have been developed and a global vaccination campaign has
been underway in recent months (46). The strategies used to
treat patients with severe SARS-CoV2 have been particularly
improved and now involve the use of multiple drugs, including
corticosteroids, heparin and cytokine antagonists (47-49).
However, in each case, special attention should be paid to
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Table IV. Distribution of cases of head & neck cancer (n=100) with a high or low CCI according to and main groups of
comorbidities.

CCI

Comorbidity <5 =5 P-value

Hypertension 0.052*
No 21 (48.8) 17 (29.8)
Yes 22 (21.2) 40 (70.2)

Respiratory (COPD I/II) <0.001*
No 38 (88.4) 32 (56.1)
Yes 5(11.6) 25 (43.9)

Cardiovascular diseases 0.039°
No 19 (44.2) 14 (24.6)
Yes 24 (55.8) 43 (754)

Endocrine and metabolic disorders 0.103*
No 33 (76.7) 35(614)
Yes 10 (23.3) 22 (38.6)

Type 2 diabetes 0.012°
No 41 (95.3) 44 (77.2)
Yes 247 13 (22.8)

Liver diseases 0.257°
No 43 (100) 54 (94.7)
Yes 0 3(5.3)

Nervous system diseases 0.234°
No 42 (97.7) 51 (89.5)
Yes 1(23) 6 (10.5)

Autoimmune diseases >0.999°
No 42 (97.7) 55 (96.5)
Yes 1(2.3) 2(3.5)

3Chi-squared test. "Fisher's exact test. Cardiovascular diseases: Hypertension, deep vein thrombosis, stroke, chronic atrial fibrillation, myocardial
infarction, cerebral vasculitis, arteriopathy, peripheral arterial disease; Endocrine and metabolic disorders: Obesity, dyslipidemia, hypothy-
roidism, gout, hypercortisolism; Respiratory group: COPD I/II; Liver diseases: Alcoholic hepatitis, chronic hepatitis, cirrhosis, Hepatitis C
virus; Nervous system diseases: Parkinson's disease, epilepsy, psychosis; Autoimmune diseases: Celiac diseases, multiple sclerosis, ulcerative
colitis, Basedow disease. CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease.

Table V. Summary of logistic regression analysis for the probability of an outcome of Charlson Comorbidity Index =5.

Parameter Univariate logistic regression Multivariate logistic regression
Item OR (95% CI) P-value OR (95% CI) P-value
Oral cavity carcinoma 3.86 (1.35-11.0) 0.015 2.81(1.19-6.63) 0.019
Age =60 years 8.13 (2.88-22.9) <0.001 7.06 (2.86-17.41) <0.001
Smoking (light) 1.68 (0.45-6.32) 0.423 3.30 (1.06-10.28) 0.040
Smoking (heavy) 4.13 (1.06-16.03) 0.041 4.29 (1.44-12.75) 0.009
Hypertension 0.98 (0.35-2.72) 0.962 2.25(0.99-5.12) 0.054
Respiratory group (COPD I/IT) 6.67 (1.82-24.43) 0.004 5.94 (2.04-17.30) 0.001
Cardiovascular Diseases 1.05 (0.37-2.98) 0.081 2.43 (1.04-5.70) 0.041
Endocrine and Metabolic Disorders 1.39 (0.47-4.12) 0.567 2.07 (0.86-5.03) 0.107

The odds ratio was adjusted for sex, age, smoking status and type of cancer. COPD, chronic obstructive pulmonary disease.
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the more vulnerable populations to contain and manage this
infection.

Patients with certain types of cancer often have various
comorbidities, making them vulnerable (50). Patients affected by
lung cancer and/or SCCHN, for example, typically have a long
history of smoking and, in the case of SCCHN, heavy drinkers;
both of which associated with pulmonary, liver and cardiac
diseases (18,51). The present analysis highlighted that patients
affected by SCCHN are a particularly susceptible population,
since they frequently have several comorbidities at diagnosis.
Since the outcome of COVID-19 is strongly influenced by
underlying pathologies, including respiratory and cardiovascular
diseases, it may be speculated that a SARS-CoV-2 infection may
have detrimental effects in patients with SCCHN.

The most frequent demographic of SCCHN study is the
male sex in the >60 years age group, with tumour of the oral
cavity, heavy smoker and at =2 comorbidities, including COPD
of varying severity. Given these features, it could be speculated
that such patient could develop a severe form of the disease if
affected by COVID-19.
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