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Introduction

The Coronavirus Disease 2019 (COVID-19) pandemic has
caused profound disruption to the delivery of health care. Many
outpatient clinics shut down or restricted visits to emergencies
to protect patients and staff from infection. Shortages of per-
sonal protective equipment (PPE) and the need to conserve
hospital resources for COVID-19 patients resulted in the cancel-
lation and postponement of elective surgeries, including cancer
cases. Unfortunately, cancer cases, including Head and Neck
Cancer (HNC) cases, are time sensitive. Delayed treatment is as-
sociated with higher mortality in patients with HNC [1]. All pa-
tients with cancer are more susceptible to severe presentations

i

Abstract

To date, the Coronavirus Disease 2019 (COVID-19) pan-
demic has resulted in over 860,000 confirmed deaths world-
wide. Although infection rates between men and women
are similar, men have about twice the risk of death from CO-
VID-19, suggesting that biological sex may be a significant
determinant of disease severity. A similar trend has been
observed in patients with Head and Neck Cancer (HNC), in
which male sex is associated with higher incidence-based
mortality rates. Prior studies have sought to ascertain
whether these disparities are influenced by physiological or
social factors. During these unprecedented times, when the
delivery of health care is disrupted, a deeper understanding
of how these two potential pre-disposing factors, namely
male sex and cancer, affect COVID-19 outcomes is warrant-
ed. The goal of this commentary is to raise awareness of
the complex interplay between biological sex and survival
outcomes of patients with COVID-19 and HNC.

of COVID-19 compared to patients without cancer [2]. In ad-
dition, patients recently treated with chemotherapy or surgery
experienced more severe events from COVID-19 [3]. Despite
the increased morbidity from COVID-19, surgery or chemora-
diation treatment should not be delayed in patient with HNC at
low risk of infection [4].

As the pandemic continues to unfold, emerging data sug-
gests that certain populations are at greater risk of poorer CO-
VID-19 outcomes. There is mounting evidence that biological
sex may be a predisposing factor [5]. Epidemiological studies
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report that although the number of male cases is similar to
that of female cases, men have approximately twice the risk of
death from COVID-19 [6]. Many theories, such as differences in
occupation, lifestyle (including smoking and alcohol use), and
medical comorbidities, have been proposed to account for the
observed sex disparities in clinical outcomes. Perhaps of greater
interest to otolaryngologists is whether biological sex influenc-
es outcomes of patients with HNC once infected with Severe
Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Sex-
related survival disparities among patients with HNC have pre-
viously been studied. Although there is no evidence to suggest
that male or female sex confers a survival advantage when both
groups receive similar cancer care [7], preliminary data shows
that certain demographics, such as men and cancer patients,
may be more susceptible to severe COVID-19 disease.

There is a limited amount of peer-reviewed, original research
studies regarding the impact of biological sex on the manage-
ment of patients with HNC during the COVID-19 pandemic.
However, sex-related health disparities have been identified
before the pandemic and may have been amplified as more
patients experience disruptions to treatment. The goal of this
commentary is to review the existing literature on biological sex
as a potential determinant of COVID-19 outcomes and assess its
relevance to patients with HNC during the ongoing pandemic.

Methods
Literature review and evidence collection

A review of the English literature was performed by two au-
thors (EY, EEZ), using PubMed/Medline to search for epidemi-
ology, demographics, and news articles on sex-related dispari-
ties in the COVID-19 or Head and Neck cancer population. A
search strategy was employed with the following search strings:
“head and neck cancer OR head and neck” with “biological sex
or gender.” An independent search was also performed using
the following search strings “covid OR covid-19 OR coronavirus”
with “biological sex OR gender” in the last year on PubMed and
Google. To identify additional sources, the reference lists of rel-

evant articles were hand searched. Results were limited to ar-
ticles in the English language.

After the completed search, a total list of records was ob-
tained and duplicates removed. A final list of full text ar-
ticles was then compiled, and one author (EY) independently
screened each article.

Table 1: Incidence-based mortality rates (per 1000 people) for
nasopharyngeal, oropharyngeal, and hypopharyngeal cancer strat-
ified by sex and race. Data source: Surveillance, Epidemiology, and
End Results (SEER) database (2000-2014).

Nasopharynx  Oropharynx | Hypopharynx
Male 3.2 3.7 7.9
Caucasian

Female 1.2 1 1.8
Male 5.7 7.9 17.1

African American
Female 1.9 2 2.6
American Indian/ Male 8.2 1.9 77
Alaskan Native | go o1 3.9 0.6 1.1
Asian/Pacific Male 15.2 13 5.5
Islander Female 46 03 07

Table 2: Incidence and mortality rates (per 100,000 people) for
oral cavity and pharyngeal cancers reported in 2017. Data source:
Centers for Disease Control and Prevention.

Sex Age-Adjusted Rate
Male 17.7
Incidence
Female 6.3
Male 4.0
Mortality
Female 13

Table 3: Percentage of COVID-19 cases and deaths by sex in selected countries with the highest number of confirmed cases.

Cases Deaths Proportion of deaths in confirmed
cases
Male, % Female, % Male, % Female, % M: F ratio
Thailand 55.7 44.3 76.0 24.0 2.5
Albania 47.0 53.0 66.0 34.0 2.2
Jamaica 43.4 56.6 60.0 40.0 2.0
Netherlands 38.7 61.3 55.0 45.0 1.9
Peru 55.9 44.1 70.8 29.2 1.9
Dominican Republic 52.0 48.0 66.5 335 1.8
Greece 54.5 45.5 67.9 32.1 1.8
Guatemala 61.1 38.9 74.2 25.8 1.8
China 51.1 48.9 63.5 36.2 1.7
Denmark 43.6 56.4 56.5 435 1.7
England 43.4 56.6 56.6 43.4 1.7
Spain 43.0 57.0 56.6 43.4 1.7
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Sweden 41.6 58.4 54.7 45.3 1.7
Ukraine 41.2 58.8 53.7 46.3 1.7
Belgium 38.8 61.2 50.3 49.7 1.6
Colombia 52.9 47.1 63.8 36.2 1.6
Italy 46.1 53.9 57.6 42.4 1.6
United States 48.4 51.6 53.9 46.1 13
Canada 44.7 55.3 45.7 54.3 1.0
Pakistan 74.0 26.0 74.2 25.8 1.0

Data source: Global Health 50/50 M: Male, F: Female

Discussion

HNCs are more than twice as common among men than
women [8]. In addition, female sex may be associated with
lower incidence-based mortality rates across all pharyngeal
cancers (Tables 1-2) [9,10]. Although differences in tobacco
smoking, alcohol consumption, and Human Papilloma Virus
(HPV) infection are often cited as contributing factors, they do
not fully explain this disparity [11]. Studies have previously re-
ported on sex-related disparities among patients with HNC. An
analysis of cancer registry data from a California hospital system
demonstrated that women with HNC were less likely to receive
intensive chemoradiation compared to men. After controlling
for variables such as age and medical comorbidities, the ratio
of cancer to non-cancer mortality was two times higher for
women than men [12]. Taken together, the data suggests that
women with HNC may be undertreated. In addition, women are
underrepresented in Head and Neck Squamous Cell Carcinoma
(HNSCC) chemotherapy clinical trials, whose results direct the
National Comprehensive Cancer Network guidelines for chemo-
therapy use [13]. Due to the complex interplay between bio-
logical sex and disease processes in general, this commentary
sought to ascertain the differential impact of COVID-19 on men
and women worldwide and examine the potential consequenc-
es for patients with HNC.

The first reported cases of SARS-CoV-2 infection originated
from Wuhan, China in November 2019. Since then, the novel
coronavirus has rapidly disseminated to other countries, result-
ing in a global outbreak. As of September 3, over 26 million cas-
es and 860,000 deaths have been confirmed worldwide [14].
Globally, 60% of deaths due to COVID-19 occur in men, leading
many to speculate the mechanisms by which the novel coro-
navirus disproportionately affects male patients [15]. There is
growing data to suggest that male sex is a risk factor for severe
COVID-19 disease. A cohort study of 17 million adults in Eng-
land, for instance, showed a strong association between male
sex and risk of death from SARS-CoV-2 infection [16]. Table 3
shows the percentage of COVID-19 cases and deaths stratified
by sex in selected countries with the highest number of con-
firmed cases [17].

Biological sex has previously been recognized to have a sig-
nificant impact on the prevalence of infectious diseases among
men and women. The prevalence of hepatitis A and tubercu-
losis, for instance, are significantly higher in men relative to
women [18]. In addition, vaccines may be more efficacious in
women, who can mount a more robust immune response com-
pared to their male counterparts [19]. On the other hand, social
factors have been shown to be the primary determinants of dis-
ease severity for some infectious agents, such as Middle Eastern

Respiratory Syndrome Coronavirus (MERS-CoV). The majority of
reported MERS cases, which disproportionately affected older
men, originated from Saudi Arabia during the outbreak in 2012.
After accounting for age and comorbidity status, one study [20]
found that sex did not have a significant impact on fatality rates.
Rather, the presence of comorbidities conferred almost a four
times greater risk of fatal infection. To account for these con-
flicting observations, two main hypotheses have been put forth.
While one postulates that these disparities are rooted in physi-
ological differences, such as in sex hormone levels and genetic
architecture, the second proposes that social and cultural fac-
tors have a greater influence [18].

Physiological hypothesis

To examine the merits of the physiological hypothesis, many
studies aimed to ascertain the impact of estrogen on COVID-19
outcomes between men and women. Estrogen signaling is be-
lieved to serve a protective role against SARS-CoV-2 infection
[21]. The hormone 17B-estradiol, a primarily female sex steroid,
has been shown to regulate the expression of Angiotensin-
Converting Enzyme 2 (ACE2), a key component for SARS-CoV-2
cell entry, in human bronchial epithelial cells [21]. Among fe-
male COVID-19 patients receiving systemic estradiol therapy,
the fatality risk for women > 50 years of age was reduced by
more than 50% compared to non-users in the same age group
[22]. The role of hormones in mitigating disease has also been
studied in women with HNC [23]. Although there is a paucity
of literature on this topic, available evidence suggests that es-
trogen receptor positivity is associated with improved survival
among patients with oropharyngeal cancer [24]. Furthermore,
hormone replacement therapy in postmenopausal women has
been observed to have a borderline protective effect for HNSCC
[25]. In sum, the effects of endogenous and exogenous sex hor-
mones on various disease processes remain understudied and
warrant further investigation in these at-risk populations.

In addition to hormonal influences, sex differences in im-
mune phenotype may account for male susceptibility to se-
vere COVID-19 infections. Key variations in immune response
to SARS-CoV-2 infection between male and female patients
have recently been identified [5]. First, higher levels of several
pro-inflammatory cytokines, including IL-8 and IL-18, were ob-
served in male patients. Second, a more robust T-cell response
was elicited in female patients compared to their male coun-
terparts. More importantly, a poor T-cell response was associ-
ated with worse disease outcomes in infected men [5]. These
findings are consistent with those of previous studies suggest-
ing that the immune microenvironment may be vastly different
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in male and female HNSCC patients [26]. These differences are
clinically relevant, as men and women respond differently to im-
munotherapy [27]. The literature therefore highlights the need
to better understand the impact of biological sex on the physio-
logical response to various disease processes. Furthermore, the
development of a sex-based approach for the management of
COVID-19 patients, particularly those with comorbid HNC, may
be warranted.

Behavioral hypothesis

In contrast, proponents of the behavioral hypothesis favor
differences in social factors, pre-existing conditions, and gen-
der-segregated occupational exposures as the most probable
explanations to account for the sex disparities in COVID-19 out-
comes. Smoking, and to a lesser extent alcohol consumption,
have been examined as potential predisposing factors for SARS-
CoV-2 infection. Although regional variations exist, smoking
and alcohol use prevalence are higher among adult men than
women worldwide [28]. In 2018, 288 million men compared to
12.6 million women in China were smokers [29,30]. In the Unit-
ed States, 15.6% of adult men versus 12% of adult women were
estimated to use tobacco products [31]. In addition to being
the single largest risk factor for HNC, early evidence suggests
that tobacco use increases ACE2 expression in the lungs [32],
representing a possible mechanism in which a social behavior,
rather than biological sex, predisposes to poorer COVID-19 out-
comes. Furthermore, alcohol consumption not only constitutes
another major risk factor for HNC, but has also been linked to an
elevated risk of developing severe COVID-19 disease. Accord-
ing to the European World Health Organization (WHO), alcohol
use weakens the immune system, with heavy consumption as-
sociated with an increased risk of Acute Respiratory Distress
Syndrome (ARDS) [33]. The significant overlap in social factors
and medical comorbidities between male patients with HNC
and COVID-19 support the behavioral hypothesis, in which sex-
related disparities are related less so to biological differences.
However, as the current literature studying the association be-
tween these factors and the incidence and severity of COVID-19
is scant, with some finding no connection [34,35], conclusive
remarks cannot be made at this interval.

Impact of COVID-19 on patients with HNC

The COVID-19 pandemic affected many patients’ access to
treatment. Otolaryngologic procedures are considered at high
risk of generating aerosol and COVID-19 transmission. To pro-
tect staff and patients from aerosol exposure, institutions de-
layed surgeries but attempted to proceed with time sensitive
HNC resection. Unfortunately, some patients with HNC inevita-
bly experienced surgery delay as a recent survey showed that
some institutions temporarily suspended free flap surgery [36].
An increase in the overall treatment time and the postopera-
tive time to radiation have been shown to increase mortality
[37,38]. Further interruption to chemoradiation is expected dur-
ing the pandemic when patients become infected. Since these
therapies may increase morbidity from COVID-19, patients who
test positive or are at high risk of infection are recommended
to delay treatment as clinicians are forced to balance the two
risks [4]. Male patients with HNC are more likely to have comor-
bidities, which is associated with reduced survival in both HNC
and COVID-19 [39,40]. Poorer health at baseline in combination
with reduced access to health care place male patients with
HNC at a higher risk of complications from both COVID-19 and
delayed HNC treatment. Although data on outcomes has yet to
become available, these patients are likely to fare poorly.

Limitations

This commentary is limited by data availability. Worldwide,
many countries do not report reliable data for COVID-19 pa-
tients. For example, reports of COVID-19 in indigenous commu-
nities are limited to anecdotal news articles. As these popula-
tions live in isolated communities and lack access to health care,
it is difficult to assess the impact of COVID-19 in these settings.
Regarding patients with HNC, little is known about the associa-
tion of biological sex with treatment outcomes from pre-pan-
demic times. Increased reporting of biological sex in published
studies will allow for an improved understanding of the factors
contributing to the observed disparities.
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