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Abstract

Background: Incidence of oral tongue squamous cell carcinoma (OTC) is rising among those
under age 50. The etiology is unknown.

Methods: 395 cases of OTC diagnosed and/or treated at Vanderbilt University Medical Center
between 2000 and 2017 were identified. 113 (28.6%) were early onset (< age 50). Logistic
regression was used to identify factors associated with early onset OTC. Cox proportional hazards
models evaluated survival and recurrence.

Results: Compared to typical onset patients, early onset OTC patients were more likely to
receive multimodality treatment (surgery & radiation; adjusted odds ratio [aOR]:2.7, 95%CI:1.2—
6.3) and report a history of snuff use (aOR:5.4,95% CI:1.8-15.8) and were less likely to report a
history of cigarette use (aOR:0.5, 95%CI:0.2-0.9). Early onset patients had better overall survival
(adjusted hazard ratio [aHR]: 0.6).

Conclusions: This is the largest study to evaluate factors associated with early onset OTC and

the first to report an association with snuff.
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INTRODUCTION

Tobacco use in the US has been declining over the last few decades, and with it, the
incidence of many head and neck cancersl-2. However, the incidence of two head and neck
cancer subtypes, oropharyngeal squamous cell carcinoma (OPC) and oral tongue squamous
cell carcinoma (OTC), are rising®. The increase in OTC incidence is primarily occurring
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within young (<50 years of age) white males and females3. The rise in incidence of OPC has
been attributed to human papillomavirus infection; yet, for OTC, no single cause has been
identified?.

Despite the rapid increase in incidence of early onset OTC in the US, few studies have been
performed to evaluate risk factors, prognosis, and survival®=12, Previous studies were small
(range: 6-79 early onset patients), lacked detailed information on traditional head and neck
cancer risk factors, and reported mixed findings. Early reports suggested that early onset
OTC was not associated with classical head and neck cancer risk factors such as alcohol and
tobacco use and was associated with worse prognosis than typical onset OTC13:14, Yet,
several recent studies identified alcohol and tobacco use as the main risk factors for early
onset OTC and found no difference in survival between early and typical onset OTC,
including in a systematic review of 11 OTC studies by de Morais!®~17. Given the limitations
of prior studies and the increasing incidence of OTC, larger studies with more detailed
clinical information on patient prognosis as well as the traditional head and neck cancer risk
factors are needed.

The objective of this study was to compare the distribution of traditional head and neck
cancer risk factors and patient prognosis between early (< age 50) and typical onset (age 50
or greater) OTC within a large cohort of patients. We compiled a large retrospective clinical
cohort of 395 OTC patients diagnosed and/or treated at Vanderbilt University Medical
Center (VUMC) between January 1, 2000 and January 16, 2017 with detailed environmental
risk factor information (tobacco [cigarettes, pipe, cigars, snuff, chew; amount and duration
of use] and alcohol use) and patient outcome data. To our knowledge, this is the largest US-
based study to assess risk factors and prognosis associated with early onset OTC.

MATERIALS AND METHODS

Study Population

Incident, previously untreated cases of OTC were identified though the Vanderbilt Research
Derivative (RD), an IRB-approved, identified, searchable database of more than 3.5 million
electronic health records (EHRs) from patients seen at VUMC8, The RD contains clinical
data collected as part of routine patient care but reorganized to be easily searchable and
usable for research purposes. The RD also links with the Vanderbilt Cancer Registry (VCR),
which collects detailed clinical information from all reportable neoplasms diagnosed and/or
treated at VUMC.

Patients diagnosed with OTC between January 1, 2000 and January 16, 2017 were identified
using the following International Classification of Diseases for Oncology, 3™ Edition (ICD-
0-3) codes: C02.0, C02.1, C02.2, C02.3, C02.8, C02.9. This date range was chosen because
the year 2000 was the earliest year in which clinical data was reliably captured in EHRSs at
VUMC. A complete manual review of each patient’s EHR was conducted to: a) determine
whether the patient had a prior history of cancer (other than non-melanoma skin cancer) and
b) confirm the OTC diagnosis. Only confirmed incident cases of OTC without a prior history
of cancer (other than non-melanoma skin cancer) were included in this study (N=395). Of
the 567 OTC patients identified, 17 (3.0%) were excluded due to a prior cancer, 44 (7.8%)
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were excluded due to misclassification as OTC, and 11 (1.9%) were excluded due to a lack
of sufficient records to confirm eligibility (Supplemental Fig. 1).

Clinical Data Abstraction

For the confirmed incident cases of OTC, an additional manual review of the EHR was
conducted to obtain variables such as tobacco exposure (cigarette, cigar, pipe, snuff, and
chew; amount and duration of use), alcohol exposure (amount and duration of use),
treatment course, treatment responses, outcome, and last known follow up. Demographic
and tumor characteristics were obtained from the RD (Supplemental Table 1). Pathologic
and molecular characteristics of the tumors, such as HPV testing, were beyond the scope of
this analysis. Study data were collected and managed using REDCap (Research Electronic
Data Capture) electronic data capture tools hosted at Vanderbilt University1°.

Statistical Analyses

Patient characteristics were evaluated overall and by age of onset of OTC (early [<age 50] or
typical [age 50+). These cutoffs were chosen based on a recent study of SEER data that
demonstrated that OTC incidence was increasing nationally among those less than age 50°.
Determinants for early onset OTC were first evaluated in univariate models. To evaluate the
independent determinants of early onset OTC, factors significantly associated with early
onset OTC in the univariate analysis or considered important based on the literature (i.e.,
gender, race, clinical stage), were included in the multivariate model as covariates to
estimate an adjusted odds ratio (aOR). Additional sensitivity analyses were performed by
modifying the age definition of early onset OTC.

Alcohol use was categorized separately by gender according to CDC guidelines?%: no
alcohol use (<12 drinks in lifetime); light use (12+ drinks in lifetime, but <1 drink/week);
mild to moderate use (1-7 drinks/week [females], 1-14 drinks/week [males]); heavy use (8+
alcoholic drinks/week [females], 15+ drinks/week [males]). Tobacco use was determined at
the time of diagnosis. One product-year was defined as one pack of cigarettes, one cigar, one
pipe, one can of snuff, or one pouch of chewing tobacco per day per year.

The association between onset of OTC (early vs. typical) and a) overall survival; and b) time
to recurrence (local, regional, and distant combined) were evaluated by estimating hazard
ratios (HRs) and 95% confidence intervals (Cls) from Cox proportional hazards models;
years since cancer diagnosis was used as the time variable. To assess risk of death from any
cause, the only censoring event was at time of last known follow-up. For overall recurrence,
the analysis was restricted to those who had a complete response at the end of treatment,
which was determined at the patient’s 3-month post-treatment oncologic visit and was
defined as no clinical and/or radiographic evidence of disease. Follow up ended at time of
first recurrence (local, regional, or distant) with censoring events consisting of death or last
oncologic follow-up. To account for differences in baseline patient characteristics and
treatment, Cox proportional hazards models for survival and recurrence were adjusted for
sex, race, overall clinical stage, treatment, alcohol use at diagnosis, and ever vs. never
tobacco use. Survival and recurrence analyses were also stratified by never versus ever
tobacco use status.
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A predictive model for overall survival was generated using recursive partitioning. The
resulting model was then pruned to the size resulting in optimal cross validation error.
Observations with missing values or whose tumor classification was classified as TX were
classified using surrogate variables. Analyses were performed by STATA IC version 15 and
R version 3.3.2. P-values less than 0.05 (2-tailed) were considered statistically significant.

RESULTS

Patient Characteristics

Among the 395 patients with incident OTC, median age was 58 (interquartile range [IQR]:
48-67). The majority of patients were white (95.2%), male (60.2%), stage I-11 (59.5%;
AJCC 6 and 7t Editions), treated with surgical resection alone (58.2%), never or light
alcohol users (50.6%), and current or past tobacco users (64.0%) (Supplemental Table 2).

Risk Factors Analysis

Compared to typical onset OTC, early onset patients were significantly less likely to report a
history of cigarette smoking and heavy alcohol use at the time of diagnosis. Early onset OTC
patients were also significantly more likely to receive surgical resection plus radiation
therapy, and to be never tobacco users. Yet, early onset patients were significantly more
likely to report snuff use (Table 1). Forty-six percent of early onset OTC patients were never
tobacco users (Table 1). More importantly, 37% of early onset OTC patients had no history
of traditional head and neck cancer risk factors (tobacco use and/or heavy alcohol use). In
the multivariate analysis, snuff use (aOR: 5.4, 95% CI: 1.8-15.8), multimodality treatment
(aOR: 2.7, 95% CI: 1.2-6.3 [surgery plus radiation]), and former cigarette smoking (aOR:
0.5, 95% CI: 0.2-0.9) remained significant (Table 1). In sensitivity analyses, the association
between snuff use and early onset OTC strengthened as the age cutoff for defining early
onset OTC was decreased (Supplemental Table 3).

Cumulative Survival All-Cause Mortality

Median follow-up for our study was 27.2 months (IQR:11.9-64.2 months). Five and 10-year
survival rates for early onset OTC were 75.8% and 64.1%, respectively compared to 71.0%
and 46.7% for typical onset OTC (Fig. 1). Compared to typical onset, early onset OTC was
associated with an almost 50 percent reduction in hazard of death (adjusted hazard ratio
[aHR]:0.6, 95% CI: 0.3-0.9) (Table 2). In analyses stratified by tobacco use, the association
of early onset OTC with improved survival was strongest among patients who were tobacco
users (aHR:0.3, 95% CI:0.1-0.8) (Supplemental Table 4).

Risk of Recurrence

Three hundred and sixty-two (92%) of the 395 patients were assessed for recurrence; 33
patients either had residual disease following treatment completion or were lost to follow-up.
One hundred and thirty-six 136 (37.6%) patients recurred (75 local; 66 regional; 13 distant).
Two and 5-year recurrence rates for early versus typical onset OTC were 35.2% and 45.5%,
and 32.5% and 44.3%, respectively (Fig. 1). No association between age of OTC onset and
risk of recurrence was observed (Table 2). Additionally, no associations were observed in
analyses stratified by tobacco use (Supplemental Table 4).
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Recursive Partitioning Analysis

Using recursive partitioning analysis, patient age at OTC diagnosis (< age 65 vs. > age 65)
and N classification (NO vs. N1+) were identified as the major factors influencing survival.
Tobacco use was not identified as a predictor for risk of death. Patients were classified into
three groups with respect to risk of death from all causes (Fig. 2). The group with the lowest
risk of death (HR: 0.6) was patients aged 65 or less without nodal disease. The group with
the highest risk of death (HR: 1.6) was patients older than 65. Interestingly, risk of death for
those less than age 65 varied greatly based on the presence of nodal metastases (HR: 0.6 for
NO and 1.4 for N1+).

DISCUSSION

This is the largest study to date to evaluate risk factors associated with early onset OTC and
the first study to report an association between early onset OTC and snuff use — a type of
smokeless tobacco that is becoming increasingly popular with younger birth cohorts?!. Use
of other smokeless tobacco products such as chewing tobacco have also been on the rise?2.
However, no associations between early onset OTC and chewing tobacco use nor with any
other tobacco products (cigarette, cigar, or pipe) were observed. Early onset OTC was also
associated with improved overall survival, particularly among ever tobacco users. No
significant difference in recurrence was observed. In the recursive partitioning analysis,
patient age at diagnosis and N classification were the main factors influencing survival.

Despite the increasing incidence of OTC among younger birth cohorts in the US, few studies
have evaluated risk factors associated with early onset OTC. Of the few studies conducted to
date, results have been conflicting. A study by Friedlander et al. showed no significant
difference in alcohol use between younger and older patients with OTC8, while a study by
Siegelmann-Danieli et al. found that there was significantly less heavy alcohol and tobacco
(cigarette, cigar, and chewing tobacco) use in early versus typical onset OTC patients®.
Although snuff was first hypothesized to be a cause of increased incidence and mortality of
early onset OTC in the 198052324, our study is the first to report an association. Previous
studies have not been powered to detect an association and/or limited their analyses to
patients with tobacco use or cigarette smoking history. Only three prior studies have
explicitly included non-cigarette tobacco products, such as cigars and chewing tobacco, in
their analyses®’. Schantz et al. and Sarkaria & Harari found that over half of patients with
early onset OTC either smoked cigarettes or used chewing tobacco, but they did not perform
separate analyses for each tobacco product®’. While, Siegelmann-Danieli et al. observed
significantly less combined cigarette, cigar, chewing tobacco, and heavy alcohol use in early
onset OTC patients than in patients with typical onset OTC®.

Reports of survival among early versus late onset OTC have also been conflicting. The first
reports of early onset OTC in the US indicated a worse overall patient prognosis with
increased mortality314.25 Yet, more recent studies, such as our own, suggest that early
onset OTC is associated with better overall survival than typical onset OTC1112, The
discrepancy between earlier and more recent reports could be due to better recognition of the
changing epidemiologic trends in this disease resulting in better recognition of OTC in
younger patients. Additionally, the earlier reports of poorer prognosis among early onset
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patients may have influenced how younger patients were subsequently treated. We did find
that early onset patients received more aggressive treatment than their typical onset
counterparts, despite no difference in overall clinical staging. Contrary to our observation,
current guidelines issued by the National Comprehensive Cancer Network do not specify a
change in treatment approach based on age26; yet, our findings suggest that age-stratified
treatment approaches should potentially be evaluated in the future. Additionally, while some
studies have reported higher locoregional recurrence rates in patients with early onset
OTC810, we did not observe a significant difference in recurrence rates among those with
early versus typical onset OTC. Results of the recursive partitioning analysis showed age of
diagnosis and N classification were the strongest predictors of prognosis. Older patients (>
age 65) had the worst overall survival, while younger patients (< age 65) with NO
classification had the best prognosis.

Our study has several strengths. With a cohort size of 395 OTC patients, 113 of which were
early onset, this study is the largest study conducted in the United States to evaluate risk
factors and prognosis among patients with early onset OTC. We had access to detailed
alcohol and tobacco use information (product, amount and duration of use), through the
Vanderbilt Head and Neck Clinic Patient Intake form which was routinely given to all cancer
patients from mid-2003 onward. We also had high quality clinical data on the patients
included in this study due to VUMC being an early adopter of electronic health records.

Our study also had several limitations. We did not include patients without OTC in our
analyses; thus, the lack of an unaffected control group limited our ability to delineate
whether the factors associated with early onset OTC were specific to OTC patients or were
solely due to differences in patient age. However, the proportion of snuff use in our early
onset OTC patients (12.4%) is greater than the reported national snuff use rates for similar
age groups (5-6%), suggesting that snuff use may have some causal role in the development
of early onset OTC, yet we would expect that snuff use rates are higher than the national
average among young people in the “tobacco belt”27. This study was conducted
retrospectively and relied on patient-reported risk factor data. Therefore, the data may be
affected by underreporting due to patient-perceived guilt over engaging in cancer-associated
behaviors or over reporting due to recall bias. Nevertheless, both early and typical onset
groups should be affected equally, limiting the impact of these potential biases on our
analyses.

One limitation of our survival models was that we did not address confounders such as
baseline functional status and underlying comorbidities, which could be a cause of the worse
survival seen in older patients. Due to the constraints of the EHR system, we were unable to
determine disease-specific mortality. Disease-specific survival would allow for better
assessment of the observed differences in 10-year survival rates, which may be better in
younger people simply because of their age. The similarities in 5-year survival rates (76 vs.
71% for early and typical onset, respectively) may indicate that these two disease entities
have similar prognoses. In fact, a study using SEER data found no difference in disease-
specific mortality between early and typical onset OTC patients28. Another possible reason
for better survival in early onset patients is that some of the cancers may be caused by HPV
due to the inclusion of overlapping and unspecified tongue cancers (C02.8 and C02.9).
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However, we carefully reviewed each case to confirm the anatomic site of the cancer and
excluded all cases with possible overlap with anatomic sites within the oropharynx
(Supplemental Fig. 1). Our study was limited to a single tertiary care center, albeit one with
a large catchment area in the middle of the “tobacco belt.” Finally, we relied on patient
records to determine vital status, which may have resulted in an under reporting of mortality
outcomes.

Our results suggest that a portion of early onset OTC may be a result of smokeless tobacco
product use, particularly snuff. However, only a small proportion of patients with early onset
OTC were snuff users (12%), suggesting the presence of additional, unknown risk factors
contributing to the rise of early onset OTC among younger individuals. Future work is
needed to more comprehensively evaluate early onset OTC risk factors with prospective
studies able to obtain more detailed information on potential risk factors prior to cancer
diagnosis. Additionally, given the parallels between OPC and OTC in younger patients,
larger molecular studies of OTC tumors are needed to evaluate the possibility of an
infectious etiology.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Overall survival and recurrence for typical onset (blue) and early onset (red) OTC. Figure

1(a) shows a significantly improved overall survival (p = 0.046) for patients with early onset
OTC. Figure 1(b) shows no difference in OTC recurrence between patients with typical and
early onset OTC.
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395 patients with OTC
HR: 1
101 of 395 deceased

A\ 4

273 were < 65 years at diagnosis
HR: 0.8
59 of 273 deceased

A4

199 were NO classification
HR: 0.6
37 of 199 deceased

Fig. 2.
Predictive model of overall survival using recursive portioning analysis. Three subsets of

OTC patients were identified and age at OTC diagnosis and N classification were predictive
of overall survival. Abbreviations: OTC - oral tongue squamous cell carcinoma; HR —
hazard ratio
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Table 2

Cox proportional hazards model, overall survival and recurrence.

Page 16

Survival, all-cause mortality

Onset Hazard ratio (95% CI)

Typical ref
Early 0.7 (0.5-1.1)

OoTC recurrenceb

Onset Hazard ratio (95% CI)

Typical ref
Early 1.0(0.7-1.4)

P value

0.133

P value

0.962

Adjusted hazard ratio® (95% CI)

0.6 (0.3-0.9)

Adjusted hazard ratio® (95% CI)

0.8 (0.5-1.3)

P value

0.046

P value

0.307

Abbreviations: OTC - oral tongue squamous cell carcinoma; CI — confidence interval

a. . - . .
Adjusted for sex, race, overall clinical stage, treatment, alcohol use at diagnosis, and ever v. never tobacco use

Three patients with diffuse distant recurrence were assessed radiographically only. If no exact end of treatment date was found in the EHR, the
treatment end date was assumed to be the 1st of month (N=7). If no exact recurrence date was found in the EHR, the date of recurrence was
assumed to be the 1st of month (N=1). If there was unclear treatment response, OTC recurrence was assumed if specified as such in the physician

note.
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