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Abstract

Background: Head and neck squamous cell carcinoma
(HNSCC) accounts for an estimated 450,000 deaths
annually worldwide, presenting a significant clinical
burden (1). Poor survival rates are largely due to the
lack of reliable screening tools for early detection,

as current methods offer limited insight into tumor
invasiveness and metastasis potentials. While previous
studies have explored HNSCC risk factors, predicting
disease’s likelihood remains challenging due to lack

of reliable screening tools. This retrospective study
aims to creating a risk stratification scoring system
for HNSCC, ultimately improves early detection and
management for high-risk patients.

Methods: We developed a risk scoring system using
data from the health system Geisinger, incorporating
demographic and comorbidity factors such as sex,

age, race, BMI, HPV history, smoking, alcohol use,
diabetes, and prior diagnoses of leukoplakia or
erythroplakia. The study included patients age 18 and
older diagnosed with HNSCC between 2000 and 2024,
excluding those with HIV/AIDS. Categorical variables
were summarized with frequencies and percentages,
while medians were reported for continuous variables.
We used multiple logistic regression and descriptive
analysis to assess the association between each risk
factor and HNSCC development.

Results: Of the total 2,435 patients who were
diagnosed with HNSCC, 1,607 (66.0%) are patients
age 60 years or older at diagnosis. There are 620
females (25.5%) and 1,815 males (74.5%). Mean
BMlis 27.5 (SD 7.0) with 707 patients (29.0%)
having obesity. One thousand four hundred eighteen
patients (58.2%) use tobacco, 949 patients (39.0%)
use alcohol, 605 patients (24.8%) have diabetes,

62 patients (2.5%) have history of leukoplakia or
erythroplakia, 14 patients (0.6%) have history of HPV,
and 59 patients (2.4%) were previously diagnosed

with HNSCC. Among 778 patients with known pack
years, 109 (14.0%) smoked less than 10 pack years,
669 (86%) smoked at least 10 pack years, and 536
smoked at least 20 pack years (68.9%). Among 227
patients with known alcohol use frequency, 123
(54.2%) consumed less than 10 drinks per week and
104 (45.8%) consumed at least 10 drinks per week.
Type/location of tumor: 621 (25.5%) tongue cancer,
358 (14.7%) tonsillar cancer, 46 (1.9%) nasopharyngeal
cancer, 72 (3.0%) oropharyngeal cancer, 54 (2.2%)
palatine cancer, 202 (8.3%) lip cancer, 60 (2.5%) gum
cancer, 114 (4.7%) floor of mouth cancer, 270 (11.1%)
glottic cancer, 259 (10.6%) supraglottic cancer, 54
(2.2%) pyriform sinus cancer, and 325 (13.3%) others.
Patients who scored 6 or higher are classified as high
risk, 4-6 is medium risk, and 1-3 is low risk of HNSCC.

Conclusion: Tobacco use is identified as the highest
risk factor that contributes to developing HNSCC.
Patients scoring 6 or more points should undergo more
rigorous and proactive screening for early detection.
Given the severity of HNSCC, implementing this
scoring system is crucial for reducing undiagnosed
cases and improving patient outcomes. Future study
should focus on which factors are associated with
earlier onset of HNSCC and prediction of survival rate
based on risk scores.

Introduction

Preventative medicine is becoming the new gold
standard of health care, especially in regard to cancer
surveillance. Head and neck squamous cell cancer
(HNSCC) is acommonly occurring cancer worldwide
and can have poor outcomes when not detected and
treated early. In order to more efficiently and quickly
find at risk patients a predictive scoring system was
developed, based on risk factors, social factors, and
dietary conditions. This study aims to elucidate those
populations at most risk for developing HNSCC.

133



SCRIP

The yearly incidence rate of head and neck squamous
cell carcinoma (HNSCC) stands at an estimated
890,000 new cases with 450,000 deaths occurring
annually worldwide, proving to be a burdensome
disease (1). 5- and 10-year survival rates range from
50% to 70% for HNSCC depending on location (ex:
higher survival rates for p16+ oropharynx 69% vs
hypopharynx 51%) and tumor lineage. These troubling
survival rates can be attributed to the lack of accurate
and precise screening tools available to clinicians to
detect earlier stages of tumor growth (2). Furthermore,
quality of life deficits present for survivors of HNSCC
are considerably more impactful than most other
cancers (survivors of other cancers are 23.6 cases per
100,000 individuals) shown to be the second highest
rate of suicide (63.4 cases per 100,000 individuals),
only second to pancreatic cancer survivors, (86.4 cases
per 100,000 individuals) (3). Visibility and physical
exam unfortunately only relay limited information

on the tumor’s proclivity to invade and metastasize.
More information is needed to inform better clinical
management for the best prognosis possible.

This retrospective study aims to achieve a more
comprehensive pathological and clinical understanding
of head and neck squamous cell carcinoma (HNSCC),
in order to better serve our population of potentially
high-risk patients. By utilizing data from the Geisinger
health system, we aimed to develop a scored system
based off statewide patient histories (family history,
HPV status, diabetes, obesity), demographic (age, sex,
ethnicity), social factors (tobacco use, alcohol), and
physical exam findings (dysplasia) that will allow a
non-biased assessment that can be broadly applied to
a population to most quickly and efficiently detect at-
risk patients. Furthermore, this study aims to elucidate
associations between risk factors such as diabetes

and obesity, which have known pathophysiological
mechanisms disrupted upregulating oxidative damage,
yet little directed research investigating their role in
the HNSCC pathogenesis.

Time is critical in oncological cases, particularly
when in great proximity to adequate vasculature
such as found within the head and neck areas, so it is
imperative that an efficient and cost-effective tool
be established to ensure that fewer patient cases go
unrecognized before their outcome has suffered.

Depending on the stage of cellular degradation
and particular hits made to an individual cell line
(i.e., activations/inactivation of oncogenes/proto-
oncogenes), particular proteins are expected to
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significantly increase in baseline metabolic production.
This may even prove to be a useful method in
determining significance of oral dysplasia found by
providing secondary lab values to support physical
exam findings.

This study was crafted to better elucidate the

needs of screening for HNSCC, particularly for the
patients within Pennsylvania. Many shared social

and nutritional aspects overlap for Pennsylvania
residents that leave them at high risk of developing
HNSCC, particularly rural individuals lacking nearby
access to affordable and timely health care screenings.
Additionally, even with routine general practitioner
exams, thorough inspections of the oral cavity are

not routine, thus significantly increasing the risk of
development of nascent leukoplakia or metaplastic
growths into invasive carcinomas. Furthermore,
HNSCC has proven to be a treatable condition if found
early enough into disease progression, and with poor

5- and 10-year survival rates, implementation of proper
screening tools, practices, and patient education should
serve to greatly eliminate the burden of care for late
stage HNSCC diagnoses. Below are some common risk
factors of HNSCC from previous literature.

HPV

In the United States, where the greatest number of
studies have been performed, approximately 70% of all
oropharyngeal cancers are attributable to HPV, a much
higher proportion than seen worldwide. The overall
incidence of HPV-related oropharyngeal cancers

was estimated to be 4.8 in 100,000 in 2013-2014,
compared with the incidence of HPV-related non-
oropharyngeal head and neck cancers of 0.62

per 100,000.

In the United States, the incidence of HPV-related
oropharyngeal cancer differs not only by sex but also
by age and race. Through 2015 in the United States,
the incidence in White men of all ages increased

more than any other subgroup, to greater than 18 per
100,000 people. In contrast, the incidence in Hispanic
and Black men was 6 and 4 in 100,000, respectively.

In White women, the incidence in 2015 was almost 4
per 100,000. In contrast, the incidence in Hispanic and
Black women was approximately 2 per 100,000. In
2020, the FDA, using the evidence presented here as a
surrogate to predict clinical benefit in preventing HPV
associated oropharyngeal cancer, approved the use

of the HPV vaccine specifically for the prevention of
HPV-related head and neck cancer (4).
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Tobacco

Tobacco causes most HNC, and alcohol synergistically
increases the risk of HNC conferred by tobacco use.
Historically, approximately 90% of patients with HNC
have a history of tobacco use, with a 4-fold to 5-fold
increase in risk of developing oral cavity, oropharynx,
and hypopharynx cancers, and a 10-fold increased
risk of laryngeal cancer, among tobacco users. The
carcinogenic effects of tobacco are dose-dependent,
with the risk of HNC closely related to the frequency,
duration, and intensity of cigarette smoking (5).

Alcohol

Alcohol use independently increases the risk of HNC,
with an estimated 1% to 4% of cases attributable to
alcohol alone and a twofold increase in odds of HNC for
drinkers who are never users of tobacco. In particular,
alcohol use increases risk of hypopharyngeal cancer
when compared with other sites.

However, the larger impact of alcohol is observed

in the interaction of alcohol with tobacco use. The
combined effects of alcohol and tobacco use have a
greater than multiplicative impact in increasing the
risk of cancer. Among individuals who smoke 2 or more
packs of cigarettes and drink more than 4 alcoholic
drinks per day, the risk of HNSCC is increased greater
than 35-fold (5, 6).

Male Gender

HNC overall is approximately twofold to threefold
more common among men than women in the
United States (5).

Methods

Using data across the Geisinger health system, we
developed a risk scoring system based on demographic
and comorbidity factors, including sex, age, race, BMI,
history of HPV, smoking, alcohol use, diabetes, and
prior diagnoses of leukoplakia or erythroplakia. Risk
factors were selected through existing literature, both
individual studies as well as meta-analysis that looked
at head and neck squamous cell development. Of note,
certain risk factors were excluded, such as the use of
betel chew, due to the small sample sizes and lack of
documentation likely to be made on patient charts and
clinical histories.

Our study included patients age 18 and older
diagnosed with HNSCC diagnosis between 2000 and
2024. Those with a history of HIV/AIDS were excluded.
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To describe categorical characteristics, the frequency
and percentages were reported. Additional limitations
on the study include lack of definitive quantities of
alcohol and tobacco consumption. Patients were
grouped into either low-medium alcohol/tobacco use
or high alcohol/tobacco use based on self-reported
data during clinical encounters. Furthermore, patients
with diabetes mellitus were consolidated into one
group, with no differentiation made based on length or
severity of diagnosis.

Median and interquartile range (IQR) were reported
for continuous characteristics. Multiple logistic
regression test and descriptive analysis were
conducted to examine the association between each
risk factor and likelihood of developing HNSCC.
Following analysis of the risk factors and their
associations, scores for each risk factor were devised
and assigned to correlate with the likelihood of
HNSCC development following exposure.

Results

Of the total 2,435 patients who were diagnosed

with HNSCC, 1,607 (66.0%) patients age 60 years or
older at diagnosis, and 224 (9.2%) patients age < 50
at diagnosis (Table 1). Mean age at diagnosis is 64.8
(SD 12.1). There are 620 females (25.5%) and 1815
males (74.5%). Within the female cohort, 341 (55.0%)
patients use tobacco, 201 (32.4%) patients use alcohol,
and 177 (28.5%) patients have diabetes (Table 2).
Within the male cohort, 1,077 (59.3%) patients use
tobacco, 748 (41.2%) patients use alcohol, and 428
(23.6%) patients have diabetes.

Forty-two patients (1.7%) are Black or African
American. Within this cohort, 31 (73.8%) patients are
male, 12 (28.6%) patients were at least 65 years old at
diagnosis, 25 (59.5%) patients were at least 60 years old
at diagnosis. Average age at diagnosis is 62.0. Fourteen
(33.3%) patients are obese, 25 (59.5%) patients have
use tobacco, 16 (38.1%) patients have alcohol use, 11
(26.2%) patients have diabetes, 1 (2.4%) patient had
leukoplakia, 1 (2.4%) patient had HPV.

Mean BMl is 27.5 (SD 7.0). 707 patients (29.0%) had
obesity with BMI 30 or above. Sixty-two patients
(2.5%) have history of leukoplakia or erythroplakia,
14 patients (0.6%) have history of HPV, 1418 patients
(58.2%) have tobacco use, 949 patients (39.0%)

have alcohol use disorder, 605 patients (24.8%) have
diabetes, and 59 patients (2.4%) reported having a
history of HNSCC. The highest proportion of patients
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Total
(N = 2435)

Age at time of HNSCC diagnosis

sia Dz

Race, n (%)

White 2353 (96.6%)
Black or African American 42 (1.7%)
Asian 19 (0.8%)
American Indian or Alaska Native 4 (0.2%)
Native Hawaiian or other Pacific Islander 1(0.04%)
Unknown 16 (0.7%)

Gender, n (%)

Male 1815 (74.5%)
Female 620 (25.5%)

Ethnicity, n (%)

Hispanic or Latino 35 (1.4%)
Not Hispanic or Latino 2360 (97.0%)
Unknown 40 (1.6%)

Table 1. Demographics of Study Population

(58.2%) who have a history of tobacco use developed
HNSCC later in life. Surprisingly, only a small
proportion of patients with a history of HPV (0.6%)
developed HNSCC.

For patients with previous HNSCC, the odds ratio of
recurrent HNSCC with tobacco use is 0.96 (95% Cl
0.53-1.84). 1017 patients (41.8%) did not smoke, and
1,486 patients (61.0%) did not use alcohol but still
developed HNSCC. Among 778 patients with known
pack years, 109 (14.0%) smoked less than 10 pack
years, 669 (86%) smoked at least 10 pack years, and
536 smoked at least 20 pack years (68.9%).

Among 227 patients with known alcohol use
frequency, 123 (54.2%) consumed less than 10 drinks
per week and 104 (45.8%) consumed at least 10 drinks
per week.

Among 14 patients with HPV, 13 of them are female
and only 1 male. Type/location of tumor in our study
include 621 (25.5%) tongue cancer, 358 (14.7%)
tonsillar cancer, 46 (1.9%) nasopharyngeal cancer,
72 (3.0%) oropharyngeal cancer, 54 (2.2%) palatine
cancer, 202 (8.3%) lip cancer, 60 (2.5%) gum cancer,
114 (4.7%) floor of mouth cancer, 270 (11.1%) glottic
cancer, 259 (10.6%) supraglottic cancer, 54 (2.2%)
pyriform sinus cancer, and 325 (13.3%) others.

Multiple logistic regression and descriptive analysis
were used to develop the risk stratification scoring
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=60 1607 (66.0%)
<50 224 (9.2%)
BMI, n (%)
= 30 (Obesity) 707 (29.0%)
<30 1728 (71.0%)
Gender, n (%)
Male 1815 (74.5%)
Female 620 (25.5%)
Tobacco use, n (%)
Yes 1418 (58.2%)
= 20 pack years 536
= 10 pack years 669
Unknown pack years 640
No 1017 (41.8%)
Alcohol use, n (%)
Yes 949 (38.0%)
= 10 drinks per week 123
< 10 drinks per week 104
Unknown frequency 722
No 1486 (61.0%)
Diabetes, n (%)
Yes 605 (24.8%)
No 1830 (75.2%)
Previous leukoplakia or erythroplakia, n (%)
Yes 62 (2.5%)
No 2373 (97.5%)
Previous HNSCC, n (%)
Yes 59 (2.4%)
No 2376 (97.6%)
Yes 14 (0.6%)
No 2421 (99.4%)

Table 2. Risk Factors of HNSCC

system, as shown in Table 3. The predictive scoring
system for head and neck squamous cell carcinoma
(HNSCC) is designed to estimate the probability

of an individual developing the condition based on
key risk factors. This 9-point scoring system uses

a logistic regression model that correlates factors
like frequency, odds ratios, and clinical outcomes

to predict the likelihood of the disease. Points are
awarded based on the following risk factors: male
sex (1 point), tobacco use (1 point for less than 10
pack years, 2 points for more than 10 pack years),
alcohol use (2 points), diabetes (1 point for a history
of diabetes), and previous leukoplakia, erythroplakia,
or HNSCC (1 point). For females, a history of HPV
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Risk Factors Score

Male 1

Tobacco use 1 <10 pack years

2> 10 pack years

Alcohol use 2
Diabetes 1
Previous leukoplakia or erythroplakia 1

Previous HNSCC 1

-

Previous HPV (only include if female)

Age > 60 1

Risk Scoring System for HNSCC

infection also contributes 1 point. Age is another
critical factor, with 1 point awarded for being older
than 60 years, as 66% of cases occur in this age group.
The system divides patients into 3 risk categories:
low risk (1-3 points), medium risk (4-6 points),

and high risk (7-9 points). Smoking and alcohol
consumption are highly correlated with HNSCC
development, with 58.2% of diagnosed individuals
having a history of smoking less than 10 pack years
(earning 1 point), and 86% of diagnosed individuals
having a history of smoking more than 10 pack years
(earning 2 points). Although previous erythroplakia
and HNSCC are highly correlated, only 2.4% of
cases represent rediagnosis, with 2.5% of cases
being erythroplakia-related. The scoring system
aims to help identify high-risk patients, allowing

for tailored prevention and treatment strategies.

A logistic regression analysis of age-related risk
factors shows that age has a relatively low correlation
with the outcome. With a multiple R of 0.0631, the
R-squared value is only 0.00399, indicating that age
alone explains only a small portion of the variance

in the data. The adjusted R-squared is even lower,

at 0.00357, further suggesting that age is a minimal
predictor in this model. The regression statistics show
that the relationship between age and the outcome is
statistically significant with an F-value of 9.73 and a
p-value of 0.0018.

Discussion

In this study, we identified and analyzed 10 risk
factors most likely to be associated with HNSCC
development. Occurrences, frequency of associated
activities, and comorbidities were used to develop

a novel risk stratification scoring system. The

use of scoring systems has been widely used to
varying degrees of success (7) but is typically field
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dependent in terms of its capacity to integrate
seamlessly into routine clinical encounters and
documentation. Of note, prediction scores have
several limitations including inaccurate observations,
omitted patient health information, imperfect
laboratory testing with the infeasibility of 100%
specific and sensitive testing, and varying degrees

of patient associated comorbidities. Furthermore,
after development of predictive scoring systems,
there are potential ethical and economic concerns
regarding administering screens or subjecting patients
to potentially unnecessary exams and associated
fees. Yet it is the understanding of the researchers on
this paper that this should not be seen as a limiting
factor in the implementation of risk stratification,

as preventive medicine has proven to be effective
health care. Particularly, preventative medicine and
screening tools make ideal domains for integrating
risk stratification scoring systems, as typically disease
and economic burden is much lower when health
concerns are identified earlier in disease progression.

The most significant associated risk factors were
tobacco use and alcohol use, 1,418 patients (58.2%)
and 949 patients (39.0%), respectively. Our findings
reinforce the well-established role of tobacco and
alcohol use as primary risk factors for HNSCC,
consistent with (8) research, which identified cigarette
smoking and alcohol consumption as the strongest
predictors of head and neck cancer.

Furthermore, our study results compared
appropriately against national averages and suggested
likelihood ratios of development seen by other studies
(9) Interestingly, when comparing light against heavy
tobacco usage, among 778 patients with known pack
years, 109 (14.0%) smoked less than 10 pack years
and 669 (86%) smoked at least 10 pack years. This
suggests potentially a proverbial tipping point in terms
of HNSCC development in regard to tobacco usage.
This is contrasted against alcohol usage, as a total of
227 patients with known alcohol use frequency, 123
(54.2%) consumed less than 10 drinks per week and
104 (45.8%) consumed at least 10 drinks per week,
exhibiting no significant difference in risk regarding
total consumption, suggesting exposure and frequency
might be more correlated to HNSCC development.

The median age of our cohort was 64.8 years old and
the likelihood of male HNSCC development was 3
times as likely. These figures are similarly represented
in national meta-analysis data with figures of 66-year-
old mean age and a male HNSCC likelihood between
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2 and 4 times. Within the female cohort, 341 (55.0%)
patients use tobacco, 201 (32.4%) patients use alcohol,
and 177 (28.5%) patients have diabetes. Within the
male cohort, 1,077 (59.3%) patients use tobacco,

748 (41.2%) patients use alcohol, and 428 (23.6%)
patients have diabetes. Interestingly, these primary
risk factors are comparable between genders, and

do not fully explain the significant increase in male
driven development. This is contrasted against Park
et al. 2022 in 10-year follow-up study of 10 million
healthy participants that reported the sex differences
in prevalence in HNSCC to be primarily driven by
social risk factors such as alcohol and tobacco (10).
Contradicting findings between the studies highlight
the need for further research to be accomplished on
this topic.

Our cohort encompassed 42 patients that were Black
or African American, and many statistics regarding
diagnosis and risk factors, such as alcohol and tobacco
use, compared similarly to the larger cohort. Yet
interestingly, Black individuals were noted to have a
substantially lower prevalence rate by age 65 (28.6%)
when compared against the cohort as a whole (48.7%
at 65 or older at time of diagnosis). Additionally,
mean age at diagnosis of Black or African American
individuals was 62 seen against 66 years old for the
entire cohort. The data suggests earlier ages of onset,
diagnosis, and progression the Black and African
American populations, but due to the small sample
size of 42 patients, further research on this topic
would be necessary.

While adding to the growing body of literature
available for HNSCC, we also highlight important
distinctions in risk patterns, particularly regarding
several non-traditionally studied risk factors such

as obesity, diabetes, and HPV. Both diabetes and
obesity had very strong correlations to likelihood of
development of HNSCC with 29% cases being obese
patients and 24.8% having diabetes.

One of the most striking findings in our study is the
relatively low proportion of HNSCC patients with a
history of HPV (0.6%), despite the established role of
HPV in oropharyngeal cancer. HPV is typically seen
with development earlier in life (1), yet the average

age of this cohort's HPV positive population was 73
years of age. Of note, the HPV positive sample size was
limited with 14 total individuals which may contribute
to the significant difference observed. However, our
dataset may underrepresent this group due to regional
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variations in HPV prevalence, differences in screening
practices, underreporting, or data collected prior to
expected age of onset for HPV positive patients.

Distinguishing the most common site of invasive
growth is of particular importance. It does not

only guide clinicians in performing more thorough
evaluations, but proper patient education may

inform patients that dysplastic and cancerous growth
may be commonly found in areas difficult to view

on self-assessments areas, leading to encouraging
more frequent professional examinations for at-risk
populations. Our study found the primary site of
HNSCC to be the tongue at 25.5% of all diagnoses’
locations, being a fairly visible site that may be
sensitive to disruptive stimulation in addition to lip
(8.3%), while still a large percentage of locations were
in limited visibility areas such as tonsillar (14.7%),
supraglottic (11.1%), and palatine (10.6%). Although
higher levels of exposure to social risk factors, such
as tobacco and alcohol use, occur within the anterior
cavity, a potential explanation could be related to the
inability to identify the primary dysplastic growth prior
to malignant transformation due to location.

Furthermore, other sites of importance that may

not be conventionally thought to be high risk area,
including pyriform sinus (2.2%) and nasopharyngeal
(1.9%), suggesting that individuals scoring within the
high-risk category should encourage communication
between dental, ENT, and general practitioners to
ensure holistic inspection and screening as occurred.
Typically, by the time self-assessment warning signs
have been recognized, such as dysphagia (difficulty
eating), odynophagia (pain when swallowing) or
otalgia (ear pain), tumor progression is quite advanced,
highlighting the importance of effective in office
examinations and screening methods (1). Of note,
13.3% were not accurately described enough to
validate a location for the study.

While our study did not directly examine educational
attainment, the significant proportion of patients who
developed HNSCC despite not smoking or consuming
alcohol suggests that additional social determinants
of health, such as occupational exposures, health

care access, and nutrition as demonstrated in The
INHANCE study (11) may play a role in disease
development. These findings highlight the need for
broader risk assessment models that incorporate
social and environmental factors alongside behavioral
risk factors.
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Age-related trends in our study also align with previous
findings. We observed that the absolute risk of HNSCC
increased with age but declined after 60-70 years,
potentially due to competing mortality risks from

other conditions. Given the high burden of HNSCC

in older populations, refining screening strategies to
target high-risk individuals while balancing the risks of
overdiagnosis remains a crucial challenge.

Prior studies have explored the use of several
biomarkers described that were shown to be associated
with HNSCC and its development as potential tools

in diagnosis. Looking ahead, future research should
continue focusing on refining our risk model by
integrating molecular and genetic biomarkers to
enhance predictive accuracy. Advances in liquid biopsy
techniques, including the detection of circulating

tumor DNA and protein biomarkers, hold promise for
improving early detection in asymptomatic individuals.

For example, IL-8 as a biomarker for oncogenesis

has been shown to have a sensitivity of 0.65-0.85

and specificities of 0.79-0.93 in vivo animal studies
over the last several years. This is thought to be

due to IL-8 having been shown to be elevated in the
microenvironment that the cells live in, such as hypoxic
or acidic conditions (i.e., smoking, chewing tobacco,
poor dental hygiene, alcohol, poor diet). Therefore, IL-8
in turn induces further genetic mutations through over
stimulation of pathways controlling cellular growth,
division, and maintenance (i.e., NOD1, RIP2 pathways)
(12-16). By pairing effective screening methods and
tools, such as the novel predictive scoring system

with new techniques of salivary or serum screenings,
tumor cell development and viability can be properly
identified, assessed for risk, and diagnosed efficiently
and relatively inexpensively.

Despite the strengths of our study, several
limitations should be acknowledged. First, our study
is retrospective in nature, which may introduce
selection bias and limit the ability to establish causal
relationships between risk factors and HNSCC
development. Second, our dataset relies on electronic
health records from a single health care system,
which may not be fully representative of the broader
population and could limit the generalizability of our
findings. Third, certain risk factors such as genetic
predisposition, environmental exposures, and
socioeconomic variables were not comprehensively
accounted for, potentially underestimating their
contributions to HNSCC risk. Lastly, the reliance
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on self-reported data for tobacco and alcohol use
may introduce recall bias, which could impact the
accuracy of our risk stratification model. Future
studies incorporating prospective cohort designs and
more comprehensive risk factor assessments will be
essential to validate and refine our predictive model.

Looking ahead, future research should focus on
refining our risk model by integrating molecular and
genetic biomarkers to enhance predictive accuracy.
Advances in liquid biopsy techniques, including the
detection of circulating tumor DNA and protein
biomarkers, hold promise for improving early
detection in asymptomatic individuals.

Conclusion

Tobacco use is identified as the highest risk factor that
contributes to developing HNSCC. Patients scoring

6 or more points should undergo more rigorous

and proactive screening for early detection. Given

the severity of HNSCC, implementing this scoring
system is crucial for reducing undiagnosed cases and
improving patient outcomes. Future study should
focus on which factors are associated with earlier
onset of HNSCC and prediction of survival rate based
on risk scores.
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