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Abnormalities of glucose metabolism, such as impaired glucose tolerance and
diabetes, have been associated with increased risk of multiple types of cancers. Similarly,
metabolic syndrome, which is a cluster of health abnormalities including impaired fasting
glucose, has been found to increase the risk of various cancers. Whether abnormal glucose
metabolism is associated with risk of head and neck squamous cell carcinoma (HNSCC)
has received little attention.

To address this, we conducted three studies. First, we examined whether self-
reported history of diabetes was associated with head and neck cancer in a pooled analysis
of case-control studies. Second, we tested whether medical administrative records of type Il
diabetes or metabolic syndrome were associated with HNSCC using data from the SEER-
Medicare database. Third, we compared gene expression profiles of oral squamous cell
carcinoma (OSCC) and normal oral tissue from controls with respect to pathways and genes
involved in glucose metabolism.

In the pooled analysis, we observed a weak association between diabetes and head
and neck cancer overall (OR=1.09; 95% CI: 0.95-1.24), but a modest association among
never smokers (OR=1.59; 95% CI: 1.22-2.07) and no association among ever smokers. In
the second study, we observed a marginal inverse association between type Il diabetes and
HNSCC (OR=0.92; 95% CI: 0.88-0.96) and a moderate inverse association for metabolic
syndrome (OR=0.81; 95% CI: 0.78-0.85). We observed differential expression between
normal tissue and OSCC, as well as dysplastic tissue, for pathways and genes involved in
glucose metabolism.

Contrasting results from the first two studies make conclusions about the role of
diabetes and/or metabolic syndrome in HNSCC difficult. However, it is likely that results from

the pooled study were closest to the truth, as we were better able to stratify by risk factors



and adjust for important potential confounders. The third study provided some molecular
evidence that glucose metabolism abnormalities play a role in HNSCC. Prospective studies
incorporating biomarkers are needed to improve our understanding of the relationship
between diabetes and HNSCC, possibly providing new prevention strategies. As rates of
glucose metabolism abnormalities increase worldwide, even a small impact on HNSCC risk

is of public health concern.
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CHAPTER 1
Introduction: Abnormal glucose metabolism and metabolic syndrome in the etiology

of head and neck squamous cell carcinoma (HNSCC)

Abnormal glucose metabolism, diabetes and HNSCC risk

HNSCC is comprised of cancers arising from the oral cavity, oropharynx,
hypopharynx or larynx. These cancers are among the most common worldwide, with over
500,000 new cases and approximately 300,000 deaths in 2008 worldwide (1). Survival is
very poor, and patients often suffer orofacial dysfunction and severe disfigurement. Tobacco
and alcohol use and, more recently, infection with oncogenic HPV, are established risk
factors for HNSCC (2,3). However, approximately 28% of head and neck cancers are not
attributed to tobacco or alcohol use (4), and HPV infection is strongly associated with
oropharyngeal SCC, but not cancers in other head and neck sites (2,3). We sought to
investigate whether abnormal glucose metabolism plays a role in the development of
HNSCC.

As early as the 1920’s, Otto Warburg observed that tumor cells have an inherently
higher need for glucose (the “Warburg effect”) (5). In particular, HNSCC cell lines have been
observed to be highly dependent on glucose for energy production and survival (6). This
increased requirement for glucose raises the possibility that abnormal glucose metabolism
may contribute to tumor growth (7).

Conditions such as diabetes and impaired glucose tolerance are well-known
abnormalities of glucose metabolism. Diabetes is associated with an increased risk of
multiple types of cancer. Results of a meta-analysis analyzing this relationship indicated
two-fold or higher relative risks for liver, pancreatic and endometrial cancer, and lesser
elevated risks for colorectal, breast and bladder cancers (8). However, diabetes was not

found to be associated with lung cancer, and was inversely associated with prostate cancer



(8). The decreased risk of developing prostate cancer has been attributed to decreased
testosterone levels in diabetic patients (9). It has been suggested that shorter life
expectancy or inadequate control for confounding by cigarette smoking may explain the lack
of association between diabetes and lung cancer risk (10).

Some of the mechanisms that have been proposed to explain the increased risk of
various cancers among diabetics are: (i) increased generation of reactive oxygen species
and greater oxidative damage to DNA (11), (ii) increased formation of advanced glycation
endproducts with resultant cellular dysfunction (12, 13), (iii) exposure to high levels of insulin
and insulin-like growth factors resulting in increased cellular proliferation (14,15), and (iv)
chronic inflammation, which is hypothesized to underlie disturbances in glucose metabolism,

resulting in a pro-angiogenic, anti-apoptotic microenvironment (16-18).

Metabolic syndrome and HNSCC risk

Metabolic syndrome is a cluster of health abnormalities, including hypertension,
excess abdominal body fat, dyslipidemia, and abnormal glucose metabolism in the form of
hyperinsulinemia/hyperglycemia,. The presence of metabolic syndrome is known to increase
the risk of developing diabetes and cardiovascular disease (19). A large body of evidence
also implicates metabolic syndrome as an important risk factor in the development of several
different cancers, including colorectal (20,21), breast (22,23), pancreatic (24), prostate (25),
endometrial (26), and liver (27). However, the role of metabolic syndrome in the
development of HNSCC cancers has not been investigated.

Metabolic syndrome has also been referred to as “insulin resistance syndrome,” (28)
and abnormal glucose metabolism in the form of hyperinsulinemia is a hallmark of the
syndrome. Similar potentially carcinogenic mechanisms as for abnormal glucose metabolism
are expected to operate in metabolic syndrome, which is also characterized by dysglycemia

and a state of chronic systemic inflammation (19). Components of metabolic syndrome,



such as obesity, insulin resistance, dysglycemia, and elevated triglycerides are postulated to
promote cancer by generating ROS, increasing hormone production/bioavailability (including
estrogen, IGF-1, insulin, and adipokines), and creating an energy-rich, proinflammatory

environment (29).

Previous Research

Suba et al. conducted a hospital-based case-control study in Hungary in 2,660 in-
patients with confirmed OSCC and 2,980 “complaint-free” controls who volunteered to
participate in oral cancer screenings during the same period, and observed that repeatedly
elevated (>5.5 mmol/l) fasting glucose over a period of 4 days was strongly associated with
oral cancer in females (OR=1.61; no 95% CI reported; p<0.05), but that no such association
existed in males (OR=0.97; p>0.05) (30). Cases and controls were matched on age, but no
adjustment was made for, or effect modification examined with, known OSCC risk factors. It
has been suggested that hormonal factors may play a role in the observed effect
modification by sex (30); however biological mechanisms for this explanation are unclear.
Men are more likely than women to be heavy users of tobacco and alcohol in Hungary
(31,32), and lack of adjustment for these important risk factors may have influenced the
results.

In a study on the risk of multiple cancers in a nationwide cohort of diabetics in
Denmark, Wideroff et al. reported increased risk of mouth/pharynx cancer associated with
diabetes (33). However, there were only 30 cases in those analyses. Additionally, the
association was only observed in subjects less than 50 years old at diabetes diagnosis
(standardized incidence ratios (SIR) based on age, sex and calendar year, 1.8; 95% ClI, 1.2-
2.6). The estimates were similar for males and females.

Diabetics also appear to have an increased prevalence of oral lesions such as

erythroplakia and leukoplakia (34,35). While these types of oral lesions are not necessarily



preneoplastic, their presence is associated with increased oral cancer risk (36). In a study of
participants in the US National Health and Nutrition Examination Survey (NHANES II1),
diabetics were found to be 3 times more likely to have oral leukoplakia than non-diabetics
(95% ClI, 1.28-7.21) (34). Dikshit et al. observed a 2-fold and 3-fold increased risk of
leukoplakia and erythroplakia respectively among women, but not men, with a history of
diabetes, adjusting for age, pack-years of smoking, duration of chewing, alcohol drinking,
education and BMI (35). An association between metabolic syndrome and oral
premalignancy (leukoplakia, erythroplakia, and oral submucous fibrosis) was recently
observed in a study of subjects undergoing general health and oral examinations in Taiwan;
OR=1.68; 95%Cl, 1.39-2.04 after adjustment for education, areca nut chewing, smoking,
and alcohol drinking (37). The presence of oral lesions predisposing to oral cancer has been
associated with low plasma antioxidant status and markers of oxidative stress (38,39); thus,
increased levels of reactive oxygen species and oxidative stress observed in diabetes and
metabolic syndrome (11,29) may play a role in development of these lesions.

All of these results point to a potential role of impaired glucose metabolism in the
development of HNSCC, but are limited by small sample sizes (33), and the use of oral
lesions predisposing to cancer risk instead of oral cancer as the endpoint (34,35). The only
study to date on glucose abnormalities and HNSCC risk used fasting glucose as the
measurement (30), which would identify subjects with impaired fasting glucose (IFG), but
may exclude subjects with other glucose metabolism abnormalities, such as postprandial
glucose intolerance or insulin resistance. A person may be insulin resistant for many years
without experiencing an increase in fasting glucose. Increasing evidence suggests that
metabolic syndrome may be an important risk factor for various types of cancers (20-27);

however this risk factor has not been investigated in HNSCC.



Public health significance

This investigation has the potential to reveal novel factors that may be important in
the development of HNSCC, and may help to explain etiology for the proportion of patients
presenting with no or minimal history of tobacco and alcohol use risk factors (4,40). If an
association between abnormal glucose metabolism and HNSCC exists, several treatment
avenues could be explored. Patients presenting with oral lesions predisposing them to future
risk for HNSCC could be tested for impaired glucose tolerance or insulin resistance, and
given information or treatment to address these conditions.

In addition, there has recently been great interest in usage of the safe and well-
tolerated anti-diabetic drug, metformin, as a potential cancer treatment. A lower incidence of
cancer has been noted in diabetics treated with metformin compared with diabetics not
treated with metformin or those using other treatments (41,42), and metformin inhibits
growth of cancer cells of the breast, colon, and prostate (43-45). The anti-cancer effect of
metformin may be due to alleviation of hyperglycemia/hyperinsulinemia (41). Other
proposed mechanisms include activation of AMP-activated protein kinase (AMPK) and
suppression of the mammalian Target Of Rapamycin (nTOR), a key regulator of cell growth
in response to energy state, nutrient status, and growth factor stimulation (46,47). Metformin
has a long history of safe use with minimal side effects (48), and preliminary results from
prospective clinical trials in breast cancer indicate favorable effects on insulin metabolism
and tumor cell proliferation and apoptosis in diabetics as well as nhon-diabetics (49-51).
Therapies that address glucose metabolism abnormalities could thus potentially be
important adjuvant treatments to standard HNSCC treatment, as well as provide early

preventative strategies for those patients presenting with premalignant oral lesions.



Overview of dissertation research

The purpose of this dissertation project was to test the hypothesis that abnormal
glucose metabolism and/or metabolic syndrome are associated with risk of HNSCC. Three
separate studies were conducted that examined different aspects of the predictions that
would be expected if the hypothesis was true. We sought to determine whether a history of
type Il diabetes or metabolic syndrome plays a role in the etiology of HNSCC, and whether
abnormal glucose metabolism is associated with HNSCC on a molecular level.

In Chapter 2 (“History of diabetes and risk of head and neck cancer: a pooled
analysis from the international head and neck cancer epidemiology consortium”), we
conducted a pooled analysis of case-control studies participating in the International Head
and Neck Cancer Epidemiology (INHANCE) Consortium (52). We included data for 6,448
cases and 13,747 controls from 12 studies for which data on self-reported diabetic status, as
well as on head and neck cancer risk factors and other characteristics were available. We
estimated associations between self-reported history of diabetes and head and neck cancer,
adjusted for age, education level, sex, race/ethnicity, study center, cigarette smoking,
alcohol use, and body mass index.

In Chapter 3 (“Type |l diabetes and metabolic syndrome and the association with
head and neck squamous cell carcinoma: a study in the SEER-Medicare database”), we
conducted a nested case-control study using data from the Surveillance, Epidemiology, and
End Results (SEER)-Medicare database (53). Cases (n=14,022) were all persons aged 68-
99 years diagnosed with HNSCC between 1994 and 2007. Controls (n=42,066) were
selected from a similarly-aged 5% sample of individuals residing in the same regions as the
SEER registries of the cases. We estimated associations between type |l diabetes and

HNSCC as well as metabolic syndrome and HNSCC, matched on sex and time enrolled in



Medicare and adjusted for age, race, income, tobacco use, alcohol use, overweight, and
SEER registry.

Finally, in Chapter 4 (“The association between oral squamous cell carcinoma and
genes and pathways involved in dysregulated glucose metabolism”), we investigated
differential expression of pathways and genes involved in glucose metabolism between oral
tumor tissue and normal oral epithelium. We used data and specimens from the ORALCHIP
study, an ongoing case-control study of gene expression profiling of tumor tissue from oral
squamous cell carcinoma (OSCC) patients and normal oral tissue from controls (54).
ORALCHIP is based in three medical centers affiliated with the University of Washington.
We compared primary OSCC, oral dysplasia and control oral epithelial tissue with respect to
differential expression of 7 pathways involved in abnormal glucose metabolism using
Affymetrix U133 2.0 Plus GeneChip arrays. We identified 4 genes from the most highly
differentially expressed pathways and confirmed differential expression of these genes by

qRT-PCR.
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CHAPTER 2
History of Diabetes and risk of head and neck cancer: a pooled analysis from the

International Head and Neck Cancer Epidemiology (INHANCE) Consortium

Introduction

Diabetes and/or abnormal glucose metabolism are associated with an increased risk
of various types of cancers, including colorectal (1), pancreatic (2), breast (3), liver (4) and
endometrial cancer (5). There are several mechanisms through which diabetes may drive
the carcinogenic process. Neoplasms have an inherently high need for glucose to fuel
proliferation, raising the possibility that untreated hyperglycemia may contribute to tumor
growth (6). Diabetics also exhibit increased generation of reactive oxygen species and
greater oxidative damage to DNA (7,8). Exposure to high levels of insulin and insulin-like
growth factors (IGFs), a hallmark of type Il diabetes, results in increased cellular
proliferation. The IGF receptor additionally activates the oncogenic epidermal growth factor
receptor (EGFR) (9). In addition, IGFs also appear to exert anti-apoptotic effects (10-12).

Head and neck cancers (HNC) are among the most common worldwide, with more
than 500,000 new cases and approximately 300,000 deaths in 2008 worldwide (13). While
tobacco, alcohol use and, infection with oncogenic HPV are established risk factors for HNC
(14,15), emerging evidence suggests that abnormalities of glucose metabolism and diabetes
may also play a role (16-19). Several studies have reported that diabetics have an increased
prevalence of oral lesions such as erythroplakia and leukoplakia that predispose to oral
cancer (17-19). A Danish population-based study comparing individuals hospitalized with a
diagnosis of diabetes to the general population observed an increased risk of
mouth/pharynx cancer associated with diabetes in subjects less than 50 years old but not in

older persons (20); however, these results were based on only 30 cases. A hospital-based
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case-control study of 2,660 patients and 2,980 controls observed that elevated fasting
glucose was strongly associated with oral cancer in females but not males (16).

We used pooled data from multiple studies from different countries to investigate
whether a history of diabetes is associated with HNC overall, as well as within subgroups

defined by known HNC risk factors.

Methods

Overview and Design

We conducted a pooled analysis of case-control studies participating in the
International Head and Neck Cancer Epidemiology (INHANCE) Consortium. Data pooling
methods for the INHANCE consortium have been previously described (21). The following
12 INHANCE studies collected data on diabetic status: Milan (22), Aviano (23), Italy
Multicenter (24), Switzerland-Vaud (25), Germany-Saarland (26), Seattle (OralGen) (27),
Seattle (LEO) (28), Tampa (29), Los Angeles (30), Rome (31), Japan (32), and North
Carolina (33). The 12 studies comprised 6,448 cases and 13,747 controls for which data on

diabetic status, as well as on HNC risk factors and other characteristics were available.

Study Population

Cases were patients with tumors classified by the original studies as invasive tumors
of the (i) oral cavity, (ii) oropharynx, (iii) hypopharynx, (iv) larynx, (v) oral cavity or pharynx
not otherwise specified or (vi) HNC unspecified, as defined previously (21). The pooled
studies were all hospital-based, except for both Seattle studies, the North Carolina study

and the Los Angeles study. For these four studies, cases were identified from population-
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based cancer registries. For all of the included studies, controls were frequency-matched on
age and sex, with the exception of the Los Angeles study, for which controls were
individually matched on age, sex and neighborhood. The Italy Multicenter study additionally
matched on center, and the Tampa and North Carolina studies additionally matched on
race/ethnicity. The date of reference was defined as the date of diagnosis for cases and the
date of selection for controls, except for the Seattle (OralGen) study (27) where the
reference date for a particular control subject was assigned at random from among the
possible case subject diagnosis dates (27). The North Carolina, Tampa and Rome studies
restricted eligibility to case subjects with squamous cell carcinomas (SCC). For the other
studies, SCC was identified by ICD-O-2 or ICD-0-1 histologic codes, with the exception of
the Milan, Aviano and Italy Multicenter study, for which no data were available on histologic

type. We excluded all known non-SCC cases (n=205).

Measures and Data Collection

Data collection procedures regarding the data pooling and harmonization have been
described in detail (21). All interviews for the studies used in this pooled analysis were face-
to-face interviews, with the exception of the Germany-Saarland study, for which a self-
administered questionnaire was used. Blank questionnaires were collected from the studies
to assess comparability and wording of interview questions. Data from each study were
received at the INHANCE Data Coordination Center with personal identifiers removed. Each
data item was checked for illogical or missing values and queries were sent to the
investigators to resolve inconsistencies.

We classified diabetic status as a binary variable (yes/no). Studies from Tampa, Los
Angeles, Rome, North Carolina, Seattle (OralGen) (27), Seattle (LEO) (28), Germany, and

Japan had a specific question in the interview that asked whether the subject had ever been
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diagnosed with diabetes (yes/no). The interview from the Milan, Aviano, Italy, and
Switzerland-Vaud studies asked for the age at diabetes, coded as zero for no history of
diabetes. Nine out of 12 studies had data on age or date at diagnosis, and this variable was
used to estimate duration of diabetes (continuous). Only the Rome study collected
information on whether subjects with a history of diabetes were diagnosed with type | or type
Il diabetes, or had used insulin or oral hypoglycemic agents.

Other relevant subject characteristics, including ethnicity, education, tumor site and
histology, cigarette smoking, other tobacco habits, alcohol consumption, height, and weight
were harmonized across studies, as described previously (21). Pack-years of cigarette
smoking was calculated by multiplying packs (defined as 20 cigarettes) of cigarettes per day
and number of years smoking. Alcohol consumption was standardized across studies by first
converting beverage-specific number of drinks to ethanol volume in milliliters. The average
daily number of ethanol-standardized drinks was then calculated as frequency of
consumption of each alcoholic beverage type weighted by the corresponding duration, with
the exception of the Tampa, Rome and Germany-Saarland studies in which the average of
the frequency of all alcoholic beverage type was used (due to missing data for duration)
(34).

Body mass index (BMI) was calculated as weight (in kilograms) divided by height
squared (in square meters). Height and weight at the reference date were self-reported. One
study also collected data on height and weight 2-5 years prior to diagnosis, and three
studies collected data on height and weight between ages 20-30 years. In a previous
INHANCE study on the relationship between BMI and HNC, results were similar for analyses
using BMI at these differing time periods (35). We thus used BMI at reference date in the
analyses for simplicity and completeness.

A number of subjects were missing data on education level (13% of cases and 26%

of controls) and BMI (10% of cases and 5% of controls). There were also a small amount of
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missing data for smoking (1.8% of cases and 1.6% of controls) and alcohol use (3.5% of
cases and 2.0% of controls). We thus imputed data on these characteristics conditional
upon covariates by using a ‘MICE’ procedure (multiple imputation by chained equations),
developed for use in STATA as ‘ICE’ (36). This algorithm uses a sequence of regression
eqguations to impute missing data conditional on other predictors, cycling through the
equations until all variables have complete data. We used age, sex, race/ethnicity, study,
case/control status, education level, BMI, smoking status, pack years of smoking, alcohol
drinking status, and alcohol drinks per day (excluding the variable to be imputed) to impute

the missing data.

Statistical Analyses

We estimated adjusted odds ratios (OR) and 95% CI using unconditional logistic
regression models. We performed three levels of covariate adjustment: (i) a minimally
adjusted model that controlled for age (categorical), sex, education level (categorical),
race/ethnicity (categorical), and study center; (i) a model that adjusted for age, sex,
education level, race/ethnicity, study center, pack-years of cigarette smoking (continuous),
and alcohol drinks per day (continuous); and (iii) a model controlling for all the previously
listed covariates as well as BMI (continuous). We did not adjust for pipe or cigar smoking
because of a substantial amount of missing data for these covariates. Based on previous
research that suggested an association between diabetic status and oral cancer risk among
women, but not among men (16), we calculated adjusted odds ratios for men and women
separately in all primary analyses.

It has been suggested that pack years of cigarette smoking is not an optimal way to
model exposure to cigarette smoking, and that duration and dose rate should be modeled as

separate variables (37). We thus repeated primary analyses after adjusting for (i) number of
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cigarettes smoked per day and (ii) total years of smoking, instead of pack years of cigarette
smoking.

To determine whether a history of diabetes is a risk factor for HNC for those cases
not associated with excess tobacco/alcohol, we stratified by cigarette smoking and alcohol
drinking status. To statistically assess departures from multiplicative effects on the odds
scale we included product terms in these stratified analyses, and used a log-likelihood ratio
test to compare logistic models with and without the product terms.

To attempt to disentangle the effects of obesity and diabetes on HNC risk and to
explore possible interactions, we also stratified by BMI using categories recommended by
the World Health Organization (obese = 30; overweight = 25 and < 30; normal, = 18.5 and <
25; and underweight, < 18.5). The previous INHANCE study on the relationship between
BMI and HNC reported effect modification by tobacco alone and by tobacco/alcohol (35).
We therefore stratified by BMI in analyses that additionally dichotomized subjects according
to tobacco use (ever/never).

To determine whether duration of diabetes is associated with HNC risk, we estimated
adjusted ORs for the following exposure categories: (i) no history of diabetes; (ii) duration of
diabetes less than 10 years; and (iii) duration of diabetes greater than 10 years. Based on a
previous study showing differential results according to age at diabetes diagnosis (20), we
estimated adjusted ORs for the categories: (i) no history of diabetes; (ii) diabetes diagnosis
before age 50; and (iii) diabetes diagnosis after age 50. We additionally examined diabetes
diagnosis before or after age 50 stratified by duration of diabetes.

To address possible selection bias due to control participants being systematically
healthier than non-participants, we repeated the main analyses after dichotomizing the
pooled studies according to participation percentage (<90% (five studies) vs, 290% (five
studies)). These participation rate percentages were available for all studies, with the

exception of the Germany-Saarland study.
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We categorized cases by tumor site and performed polytomous logistic regression to
assess how the association with diabetes varied across tumor sites. We derived study-
specific and summary estimates and evaluated the extent of between-study heterogeneity
using the Stata “Metan” command for random effects meta-analyses (38). Finally, we used
the “Metainf’” module (39) for “leave-one-out” influence analyses to determine whether the
associations were dependent on any one study. We used Stata statistical software (version

10.0, Stata Corp., College Station, TX) for all analyses.

Results

Cases were more likely to be male, non-Hispanic White, cigarette smokers, alcohol
drinkers, and to have lower BMI compared to controls (Table 1). Of the cases, 18.9% had
cancer of the oral cavity, 26.3% had oropharyngeal cancer, and 33.1% had cancer of the
larynx. The majority of cases (64.4%) were known to be squamous cell carcinomas, with a
sizeable proportion of cases having unknown histologic type (32.5%).

Diabetes was not associated with HNC overall in models adjusted for age, race, sex,
study center, education level, pack-years of cigarette smoking, and alcohol drinks per day
(OR=0.95; 95% CI, 0.83-1.08; Table 2) and was weakly associated in models that
additionally adjusted for BMI (OR=1.09; 95% ClI, 0.95-1.24). Results for minimally adjusted
models were similar to results obtained with adjustment for age, race, sex, study center,
education level, pack-years of cigarette smoking, and alcohol drinks per day. ORs were
slightly higher for women than for men (Table 2), but a comparison of models with and
without a product term for sex and diabetes yielded p=0.09. Adjustment for BMI reported at
age 20 to 30, versus BMI reported at the reference date, did not materially affect the

estimates (results not shown).



21

The overall association between diabetes and HNC was slightly stronger if duration
and dose rate of cigarette smoking were modeled as separate variables instead of as pack
years of smoking (fully adjusted OR=1.15; 95% CI, 1.00-1.31). The adjusted association
between diabetes and HNC was stronger among never smokers (fully adjusted OR=1.59;
95% Cl, 1.22-2.07) than among ever smokers (fully adjusted OR=0.96; 95% CI, 0.83-1.11;
p=0.001 for homogeneity of the OR; Table 3). The pattern of results among never smokers
and never alcohol drinkers versus ever smokers and drinkers was similar to those obtained
by stratification on smoking status alone, but ORs were not as high in the never smoking-
drinking category as those obtained in the never smoking category. There was an
interaction by smoking status in comparisons of models that did and did not include a
product interaction term for smoking and diabetes (likelihood ratio p=0.001), but not in
models with and without an interaction term for alcohol and diabetes (p=0.36). In analyses
that classified smoking status as never, former or current, the OR’s were highest for never
smokers (fully adjusted OR=1.61; 95% ClI, 1.24-2.10; Table 4), lower for former smokers
(fully adjusted OR=1.14; 95% CI, 0.94-1.39) and lowest for current smokers (fully adjusted
OR=0.91; 95% CI, 0.73-1.12).

We observed little departure from multiplicativity of effects for diabetes and BMI
(likelihood ratio p=0.25), and there was no discernible pattern in the results of analyses
stratified by BMI, either overall or dichotomized by sex (results not shown). Among never
smokers, there was a slight indication of an elevated risk of HNC associated with diabetes
among normal weight and overweight subjects (fully adjusted OR=1.64; 95% CI, 0.92-2.93
and fully adjusted OR=1.42, 95% ClI, 0.86-2.33 respectively), but not underweight or obese
subjects (fully adjusted OR=1.13; 95% CI, 0.37-3.49 and fully adjusted OR=1.12, 95% ClI,
0.66-1.92 respectively).

There was no strong evidence of heterogeneity by tumor site in the association

between diabetes and HNC (Table 5). In sex-specific strata, results for women were close to
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unity for all sites except the hypopharynx; however, wide confidence intervals limit
interpretation. There was some indication of heterogeneity by tumor site when analyses
were stratified by smoking status (Table 6). Among never smokers, ORs appeared to be
greatest for oral cavity and larynx cancers, with null results for oropharyngeal cancers.
However, small sample sizes within strata limited our ability to draw meaningful conclusions.
In a fully-adjusted polytomous logistic regression model, we did not observe associations
between history of diabetes and HNC risk across tumor sites.

Compared to subjects with no history of diabetes, those with diabetes for less than
10 years had a small elevated OR (fully adjusted OR=1.15; 95% CI, 0.95-1.39; Table 7),
with similar results obtained for those with diabetes greater than 10 years (fully adjusted
OR=1.16; 95% CI, 0.90-1.49). Compared to non-diabetics, we observed an elevated
association between HNC and diabetes diagnosed before age 50 (fully adjusted OR=1.37;
95% ClI, 1.07-1.74), and no association for those diagnosed after age 50 (fully adjusted
OR=1.00; 95% ClI, 0.83-1.20). We observed the same pattern for men, but ORs for women
diagnosed before and after age 50 were both similarly elevated. These analyses excluded
the Seattle (LEO) (28), Rome (31) and Japan (32) studies, due to lack of data on duration of
diabetes or age at diabetes diagnosis; however the overall adjusted association between
diabetes and HNC for these 9 studies was similar to results for all 12 studies (OR=1.13;
95% ClI, 0.97-1.31 and OR=1.09; 95% CI, 0.95-1.24, respectively). An analysis of diabetes
diagnosis before or after age 50 stratified by duration of diabetes did not provide meaningful
results due to small stratum specific numbers, and did not yield evidence of a particularly
unique subgroup (results not shown).

Among the eleven studies with information on control participation proportions, the
fully adjusted OR was 1.09 (95% ClI, 0.96-1.24).The estimate from five studies with control
participation rates below 90% (OR=1.11; 95% CI, 0.89-1.38) was similar to the estimate

from six studies with control participation rates above 90% (OR=1.09; 95% CI, 0.92-1.29).
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There was evidence of heterogeneity in a meta-analyses of the study-specific ORs
(chi-squared p=0.002; Figure 1). “Leave-one-out” influence analyses indicated that the North
Carolina study had a large impact on results, due to its unique inverse relationship between
diabetes and HNC (Figure 2). The association between history of diabetes and HNC in fully
adjusted models was greater when the North Carolina study was excluded (OR=1.19; 95%
Cl, 1.02-1.38). Similarly, the association among never smokers was appreciably increased
after exclusion of the North Carolina study (OR=1.91; 95% ClI, 1.39-2.62); with the
association among ever smokers increasing slightly after exclusion, but remaining close to

unity (OR=1.07; 95% ClI, 0.90-1.26).

Discussion

In this large pooled analysis of 12 international studies, we observed a weak
association between history of diabetes and risk of HNC overall. However, we observed a
stronger association between history of diabetes and HNC in never smokers. In addition, we
observed a positive association between diabetes diagnosed before age 50 and HNC.

An association between history of diabetes and HNC only in never smokers may
exist if the diabetic condition affects an, as yet, unknown causal pathway for HNC among
never smokers. Alternatively, a substantial proportion of people who are both heavy
smokers and diabetic and who would have developed HNC in the future, may be at
particular risk for early death or illness, and may have died before developing HNC. A third
possibility is that adjustment for pack years of smoking is not sufficient to remove all
confounding among smokers, and that examining the association between a history of
diabetes and HNC among never smokers circumvents this source of residual confounding.
This possibility is supported by results from studies on the association between HNC and

BMI, which is strongly associated with diabetes (40,41). A recent INHANCE pooled analysis
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observed an etiologically improbable reduced risk of HNC associated with overweight and
obesity even after adjustment for duration and intensity of smoking (35). However, when
analyses were confined to never smokers, the reduced risk associated with overweight and
obesity was attenuated to the null. In addition, we observed a slightly stronger association
between diabetes and HNC in our data if we modeled duration and dose rate of cigarette
smoking as separate variables, which has recently been suggested as a more accurate
measure than pack years of smoking (37), and may thus have reduced some of the
confounding from this source.

We observed a positive association between HNC and diabetes diagnosed before
age 50, and no association for those diagnosed after age 50. Only 5 cases and 9 controls
were diagnosed with diabetes before age 20, making it unlikely that these results were due
to the inclusion of type | diabetics. Cases diagnosed as diabetic before age 50 had a mean
age of 55 at HNC diagnosis and a mean duration of diabetes of 15 years, while cases with a
diabetes diagnosis over age 50 had a mean age of 64 at HNC diagnosis and a mean
diabetes duration of 6 years. These data suggest that a younger age of type Il diabetes
onset may confer particular risk for subsequent development of HNC, and that these
cancers may develop at a relatively young age. The difference according to age may partly
be explained by the observation that younger HNC patients are less likely to have extensive
histories of tobacco and alcohol use (42,43). The longer duration of exposure to the diabetic
condition could also explain the increased risk for younger patients. In addition, it has been
suggested that adults diagnosed with diabetes at a younger age may represent a more
aggressive phenotype than people diagnosed late in life (44), and thus the diabetic condition
in older people may not predispose to HNC to the same degree as in younger diabetics. The
exclusion of several studies due to lack of diabetes diagnosis age data and the small

numbers in each of the strata limit interpretation of these results.
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Results from the majority of studies in these pooled analyses indicated a positive
relationship between history of diabetes and HNC, with the notable exception of the North
Carolina study, for which an inverse relationship was observed. Subjects from the North
Carolina study made up 14% of the total pooled sample, resulting in a relatively heavy
influence of this study on the overall results. A notable difference in the North Carolina study
is the high prevalence of diabetes among controls (17%) (45) compared with controls from
other US studies and other countries (mean prevalence of 6% in controls for all other
studies). The North Carolina study population had a larger proportion of African Americans
than other studies; however race is unlikely to play a role because cases and controls were
frequency matched on race and estimates were adjusted for race.

Our results support previous research suggesting involvement of abnormal glucose
metabolism in HNC. Suba et al. conducted a hospital-based case-control study in Hungary
in 2,660 in-patients with confirmed OSCC and 2,980 “complaint-free” controls who
volunteered to participate in oral cancer screenings during the same period, and observed
that repeatedly elevated (>5.5 mmol/l) fasting glucose over a period of 4 days was strongly
associated with oral cancer in females (OR=1.61; no 95% CI reported; p<0.05), but that no
such association existed in males (OR=0.97; p>0.05) (16). Cases and controls were
matched on age, but no adjustment was made for, or effect modification examined with,
known OSCC risk factors. In a study on the risk of multiple cancers in a nationwide cohort of
diabetics in Denmark, Wideroff et al. reported increased risk of mouth/pharynx cancer
associated with diabetes (20). However, there were only 30 cases in those analyses.
Additionally, the association was only observed in subjects less than 50 years old at
diabetes diagnosis (standardized incidence ratios (SIR) based on age, sex and calendar
year, 1.8; 95% CI, 1.2-2.6). The estimates were similar for males and females.

In a previous pooled INHANCE study, it was observed that HNC risk is elevated

among lean people and reduced among overweight or obese people (35). If overweight and
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obesity are negatively associated with HNC, it could be argued that this makes a positive
association between diabetes and HNC less likely since obesity is strongly associated with
conditions such as metabolic syndrome, and an increased risk of developing insulin
resistance, followed by glucose intolerance and type Il diabetes (46,47). However, glucose
intolerance can also occur independently of insulin resistance (47-49). Diabetes is emerging
as more of a heterogeneous disease than initially thought, with subtypes of people who are
classified as type Il diabetics, but who exhibit defects in insulin secretion with no evidence of
insulin resistance. Examples include maturity-onset diabetes of the young (MODY) (50) and
mitochondrial diabetes (51). There are also populations that have type Il diabetes, especially
in Asia, who are not overweight or obese by Western criteria. For example, in a study of type
Il diabetics in Taiwan, only 43% of women and 48% of men had a BMI greater than 25 kg/m?
(52). These observations suggest that, although there is an association of overweight with
diabetes, the diabetic condition is a distinct disease state that frequently also develops in
people who are not overweight.

Hyperglycemia and associated biochemical consequences, independent of obesity-
linked characteristics of diabetes, may be a mechanism by which diabetes increases the risk
of cancer. Interestingly, several prospective cohort studies indicate that cancer risk starts to
increase at blood glucose levels even below the diabetic range. Studies in Korea (53),
Austria (54) and Sweden (55) found a linear increase in risk for multiple cancers across the
entire spectrum of glucose values, regardless of weight.

A limitation of this study is that we were only able to examine self-reported diabetic
status, which may have resulted in exposure misclassification. In the United States, it is
estimated that one third of type Il diabetics are undiagnosed (56). However, we have no
reason to believe that this misclassification would differ between cases and controls; thus
any error from this source is most likely to bias results toward the null. The heterogeneity of

HNC may also hinder the ability to adequately examine whether diabetes is a risk factor.
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Weak or inconsistent associations with all HNC may result if the subtypes of HNC are
etiologically distinct. Although we performed analyses for separate sites (larynx,
hypopharynx, oropharynx, oral cavity, and non-specific pharynx), small sample sizes
prevented meaningful interpretation of the results. The inability to control for HPV infection is
a further limitation. However, cancers occurring in the oropharynx, as opposed to other HNC
sites, are most strongly associated with HPV infection (27,57,58), and we are not aware of
any studies that suggest that diabetics are more likely to be infected with HPV.

We did not have sufficient data to adjust for factors such as diabetic medication use
or extent of glycemic control in this study. Many diabetics are able to maintain good
glycemic control and/or lowered insulin levels by oral hypoglycemic agents, diet, appropriate
use of exogenous insulin, etc. In addition, recent evidence suggests that some oral
hypoglycemic agents used to treat diabetes, such as metformin, may reduce incidence of a
wide variety of cancers (59). Researchers have observed an association of use of
exogenous insulin with increased risk of cancer of the breast, colon, pancreas, prostate, or
any solid tumor (60), and increased risk of death from any type of cancer (61). Among 710
subjects who reported a history of diabetes and who had data on insulin use in the present
study, 33% were insulin users. Between the years 1997 to 2008 in the United States, the
proportion of diabetics aged 65-74 using any diabetes medication (pills, insulin or both)
ranged from 83.2% to 90.0% (62). Even if rates of medication use are not this high in our
international pooled data, it is nonetheless likely that a large percentage of diabetics were
taking oral hypoglycemic agents.

Selection bias may have influenced results in a positive or negative direction.
Diabetics are more likely to have multiple hospitalizations than non-diabetics (63,64),
creating a selection bias when controls are recruited in hospital-based studies. The possible
influence of bias due to controls in hospital-based studies was difficult to evaluate because

exclusion of the hospital-based studies increased the proportional influence of the North
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Carolina study on the results, attenuating the odds ratio toward the null. An alternative
source of selection bias may occur if control participants are systematically healthier than
control non-participants, thus spuriously raising the OR. However, this source of bias is
unlikely because the pooled OR for studies with control participation rates less than 90%

was almost identical to the OR for studies with control participation above 90%.

Conclusion

In this large pooled analysis of 12 case-control studies, we observed a weak
association between diabetes and HNC in all subjects, adjusting for several potential
confounders; however, we did find a modest association among never smokers. Prospective
studies, with data that more accurately captures potential confounding relationships, may
provide insight into a possible relationship between glucose metabolism abnormalities and

HNC.
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Table 1. Characteristics of cases and controls with data on history
of diabetes, INHANCE Pooled Case-Control Study of Head and Neck Cancer.?

Characteristic Cases (n=6,448) Controls (n=13,747)
N % n %

Age (years)

17-39 237 3.7 920 6.7
40-44 300 4.7 787 5.7
45-49 641 9.9 1235 9.0
50-54 1024 15.9 2089 15.2
55-59 1253 19.4 2408 17.5
60-64 1222 19.0 2314 16.8
65-69 953 14.8 1946 14.2
70-74 596 9.2 1464 10.7
75-93 222 3.4 584 4.3
Sex
Men 5152 79.9 9810 714
Women 1296 20.1 3937 28.6
Race
Non-Hispanic White 5417 84.0 9805 71.3
Black 445 6.9 479 3.5
Hispanic 82 1.3 255 1.9
Asian 471 7.3 3179 23.1
Other 33 0.5 29 0.2
Study center
Milan 416 6.5 1531 11.1
Aviano 470 7.3 821 6.0
Italy Multicenter 1208 18.7 2545 18.5
Switzerland-Vaud 560 8.7 820 6.0
Seattle (OralGen) 381 5.9 607 4.4
Tampa 203 3.2 893 6.5
Los Angeles 414 6.4 1005 7.3
Rome 321 5.0 389 2.8
Seattle (LEO) 587 9.1 546 4.0
Germany-Saarland 92 1.4 92 0.7
Japan 433 6.7 3102 22.6

North Carolina 1363 21.1 1396 10.2



Table 1 continued

Study design
Hospital-based
Population-based
Pack-years of cigarette smoking®
Never
1-10
11-20
21-30
31-40
41-50
>50
Number of alcohol drinks per day”
Never
>0to <1
1to<3
3to<5
25
Body mass index (in kg/m?)
<18.5
18.5 to <25
25 to <30
=30
Tumor site
Oral cavity
Oropharynx
Hypopharynx
Oral cavity/pharynx NOS
Larynx

Overlapping head and neck sites

Tumor histology
Squamous cell
Unknown

3611
2837

779
351
579
888
975
873
2003

710
1077
1260

896
2505

299
3233
2109

807

1218
1693
558
838
2135
6

4287
2161

56.0
44.0

12.1
5.4
9.0

13.8

151

13.5

311

11.0
16.7
195
13.9
38.9

4.6
50.1
32.7
12.5

18.9
26.3
8.7
13.0
33.1
0.1

64.4
32.5

30

10101
3646

5429
1830
1560
1420
1212
835
1461

3352
3752
3244
1645
1754

287
6396
5208
1856

73.5
26.5

39.5
13.3
11.4
10.3
8.8
6.1
10.6

24.4
27.3
23.6
12.0
12.8

2.1
46.5
37.9
13.5

@ Percentages have been rounded and may not total 100.
® Data from first imputed dataset (out of 4 imputations) used for missing data.
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Table 2. Adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association between head and neck
cancer and diabetes (yes/no), INHANCE Pooled Case-Control Study of Head and Neck Cancer

Cases Controls
exposed/ exposed/ Covariate Set 1% Covariate Set 2°°
Diabetes (yes/no) unexposed unexposed (95% O
N N OR (95% ClI) OR
All 533/5915 1024/12723 0.95 (0.83-1.08) 1.09 (0.95-1.24)
Women 118/1178 249/3688 1.06 (0.82-1.38) 1.33 (1.02-1.73)
Men 415/4737 775/9035 0.91 (0.79-1.06) 1.03 (0.89-1.19)

a Adjusted for age, race, sex, study center, education level, pack-years of cigarette smoking, and alcohol drinks per day.
b Adjusted for age, race, sex, study center, education level, pack-years of cigarette smoking, alcohol drinks per day, and BMI.

¢ Likelihood ratio test for interaction by sex: p=0.09.



32

Table 3. Adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association between head and neck
cancer and diabetes (yes/no) by cigarette smoking and alcohol drinking status,* INHANCE Pooled Case-Control
Study of Head and Neck Cancer

Cases Controls X
Diabetes (yes/no) exposed/ exposed/ Covariate Set 1 Covariate Set 2¢¢
unexposed unexposed
N N OR (95% CI) OR (95% CI)
Never cigarette smokers
All 82/694 366/5047 1.38 (1.06-1.79) 1.59 (1.22-2.07)
Women 39/309 164/2370 1.39 (1.02-1.89) 1.70 (1.25-2.32)
Men 43/385 202/2677 1.36 (1.00-1.84) 1.49 (1.10-2.03)
Ever cigarette smokers
All 451/5221 658/7676 0.85 (0.73-0.98) 0.96 (0.83-1.11)
Women 79/869 85/1318 0.86 (0.64-1.16) 1.07 (0.79-1.45)
Men 372/4352 573/6358 0.84 (0.73-0.98) 0.94 (0.81-1.10)
Never cigarette smokers and never alcohol drinkers
All 33/242 172/1827 1.04 (0.69-1.56) 1.26 (0.83-1.91)
Women 22/162 103/1157 1.00 (0.65-1.54) 1.26 (0.81-1.96)
Men 11/80 69/670 1.12 (0.68-1.83) 1.26 (0.76-2.06)
Ever cigarette smokers and ever alcohol drinkers
All 398/4866 534/6516 0.84 (0.72-0.98) 0.98 (0.84-1.14)
Women 571732 54/933 0.76 (0.52-1.12) 0.98 (0.66-1.45)
Men 341/4134 480/5583 0.85 (0.73-1.00) 0.98 (0.83-1.15)

& Numbers of never smokers/drinkers do not match numbers for zero pack years/drinks per day because missing data for these variables
were simultaneously imputed.

b Adjusted for age, race, sex, study centers, education level, pack-years of cigarette smoking (if ever smoker), and alcohol drinks per day
(if ever drinker).

¢ Adjusted for age, race, sex, study centers, education level, pack-years of cigarette smoking (if ever smoker), alcohol drinks per day (if
ever drinker), and BMI.

9| ikelihood ratio test for interaction by smoking status: p=0.001; and by alcohol drinking status: p=0.36.
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Table 4. Adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association between
head and neck cancer and diabetes (yes/no) by cigarette smoking status (never, former, current),* INHANCE
Pooled Case-Control Study of Head and Neck Cancer

Cases Controls
: exposed/ exposed/ Covariate Set 1° Covariate Set 2°
Diabetes (yes/no)
unexposed unexposed
N N OR (95% CI) OR (95% CI)

Never cigarette smokers

All 82/694 366/5047 1.43 (1.10-1.86) 1.61 (1.24-2.10)

Women 39/309 164/2370 1.47 (1.08-2.00) 1.74 (1.28-2.38)

Men 43/385 202/2677 1.39 (1.02-1.88) 151 (1.11-2.04)
Former cigarette smokers

All 214/1922 418/4468 1.03 (0.85-1.24) 1.14 (0.94-1.39)

Women 26/231 53/766 1.08 (0.77-1.50) 1.30 (0.93-1.81)

Men 188/1691 365/3702 1.02 (0.84-1.24) 1.12 (0.92-1.37)
Current cigarette smokers

All 237/3299 240/3208 0.83 (0.67-1.02) 0.91 (0.73-1.12)

Women 53/638 32/552 0.87 (0.62-1.21) 1.02 (0.73-1.43)

Men 184/2661 208/2656 0.82 (0.66-1.02) 0.88 (0.71-1.10)

& Numbers of never smokers do not match numbers for zero pack years because missing data for these variables were simultaneously imputed.
b Adjusted for age, race, sex, study centers, education level, pack-years of cigarette smoking (if ever smoker), and alcohol drinks per day.
¢ Adjusted for age, race, sex, study centers, education level, pack-years of cigarette smoking (if ever smoker), alcohol drinks per day, and BMI.
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Table 5. Adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association between
head and neck cancer and diabetes (yes/no) stratified by location of tumor, INHANCE Pooled Case-Control Study

of Head and Neck Cancer?®

Cases Controls
: exposed/ exposed/ Covariate Set 1° Covariate Set 2°
Diabetes (yes/no)
unexposed unexposed
N N OR (95% CI) OR (95% CI)

Oral cavity

All 73/945 984/12156 0.81 (0.61-1.06) 1.03 (0.78-1.37)

Women 20/287 239/3524 0.69 (0.40-1.19) 0.89 (0.51-1.56)

Men 53/658 745/8632 0.87 (0.63-1.20) 111 (0.80-1.54)
Oropharynx

All 114/1411 984/12156 0.90 (0.72-1.12) 1.06 (0.84-1.34)

Women 15/248 239/3524 0.70 (0.37-1.30) 0.83 (0.44-1.56)

Men 99/1163 745/8632 0.96 (0.75-1.22) 1.13 (0.88-1.45)
Hypopharynx

All 35/523 984/12156 0.73 (0.49-1.07) 0.98 (0.66-1.45)

Women 8/72 239/3524 1.38 (0.58-3.25) 1.96 (0.79-4.83)

Men 27/451 745/8632 0.63 (0.40-0.97) 0.83 (0.53-1.29)
Oral cavity/pharynx NOS

All 61/764 984/12156 0.75 (0.56-1.00) 0.87 (0.65-1.16)

Women 19/225 239/3524 0.91 (0.53-1.55) 0.99 (0.58-1.71)

Men 42/539 745/8632 0.71 (0.51-1.01) 0.85 (0.60-1.20)
Larynx

All 215/1920 984/12156 0.98 (0.81-1.18) 1.08 (0.89-1.31)

Women 37/248 239/3524 1.03 (0.62-1.73) 1.08 (0.63-1.85)

Men 178/1672 745/8632 0.95 (0.77-1.17) 1.05 (0.86-1.30)

aAnalyses do not include Seattle (OraIGen)27 because two sites were not included in this study (hypopharynx and larynx).
b Adjusted for age, race, sex, study centers, education level, pack-years of cigarette smoking, and alcohol drinks per day.
CAdjusted for age, race, sex, study centers, education level, pack-years of cigarette smoking, alcohol drinks per day, and BMI.
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Table 6. Adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association between
head and neck cancer and diabetes (yes/no) by cigarette smoking status® and stratified by site,” INHANCE Pooled
Case-Control Study of Head and Neck Cancer

Cases Controls

: exposed/ exposed/ Covariate Set 1° Covariate Set 2°

Diabetes (yes/no)
unexposed unexposed
N N OR (95% CI) OR (95% CI)

Never cigarette smokers

Oral cavity 14/130 356/4840 1.30 (0.72-2.36) 1.45 (0.80-2.64)

Oropharynx 19/206 356/4840 1.11 (0.66-1.85) 1.00 (0.59-1.68)

Hypopharynx 1/34 356/4840 0.26 (0.03-1.94) 0.34 (0.05-2.63)

Oral cavity/pharynx NOS 23/191 356/4840 1.46 (0.90-2.35) 1.42 (0.87-2.30)

Larynx 16/85 356/4840 1.92 (1.07-3.46) 1.93 (1.06-3.50)
Ever cigarette smokers

Oral cavity 59/815 628/7316 0.74 (0.54-1.01) 0.95 (0.69-1.31)

Oropharynx 95/1205 628/7316 0.87 (0.68-1.12) 1.09 (0.84-1.41)

Hypopharynx 34/489 628/7316 0.77 (0.52-1.15) 1.03 (0.69-1.54)

Oral cavity/pharynx NOS 38/573 628/7316 0.58 (0.40-0.83) 0.71 (0.49-1.02)

Larynx 199/1835 628/7316 0.94 (0.77-1.15) 1.04 (0.85-1.27)

& Numbers of never smokers do not match numbers for zero pack years because missing data for these variables were simultaneously imputed.
b Analyses do not include Seattle (OraIGen)27 because two sites were not included in this study (hypopharynx and larynx).
¢ Adjusted for age, race, sex, study centers, education level, pack-years of cigarette smoking (if ever smoker), and alcohol drinks per day
gif ever drinker).
Adjusted for age, race, sex, study centers, education level, pack-years of cigarette smoking (if ever smoker), alcohol drinks per day (if
ever drinker), and BMI.
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Table 7. Adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association between
head and neck cancer and age at diabetes diagnosis,” INHANCE Pooled Case-Control Study of Head and Neck Cancer.”

Measure Cases Controls Covariate Set 1° Covariate Set 2°
N N OR (95% ClI) OR (95% ClI)

Diabetes diagnosis age
All:

No history of diabetes 4686 9006 ref ref ref ref

< 50 years old 158 234 1.14 (0.90-1.44) 1.37 (12.07-1.74)

= 50 years old 258 463 0.87 (0.73-1.04) 1.00 (0.83-1.20)
Women:

No history of diabetes 868 2767 ref ref ref ref

< 50 years old 39 72 1.16 (0.73-1.83) 1.43 (0.90-2.28)

= 50 years old 55 119 1.13 (0.78-1.63) 1.44 (0.99-2.09)
Men:

No history of diabetes 3818 6239 ref ref ref ref

< 50 years old 119 162 1.13 (0.86-1.49) 1.35 (1.02-1.79)

> 50 years old 203 344 0.81 (0.66-0.99) 0.90 (0.73-1.11)
Diabetes duration
All:

No history of diabetes 4686 9006 ref ref ref ref

> 0 to <10 years 250 393 0.97 (0.80-1.18) 1.15 (0.95-1.39)

> 10 years 139 229 1.02 (0.80-1.31) 1.16 (0.90-1.49)
Women:

No history of diabetes 868 2767 ref ref ref ref

> 0 to <10 years 53 107 1.05 (0.71-1.54) 1.39 (0.94-2.05)

> 10 years 36 63 1.35 (0.83-2.18) 1.58 (0.97-2.57)
Men:

No history of diabetes 3818 6239 ref ref ref ref

> 0 to <10 years 197 286 0.95 (0.77-1.18) 1.09 (0.88-1.35)

> 10 years 103 166 0.93 (0.70-1.24) 1.05 (0.78-1.40)

& Score test for trend of odds: p<0.001.

b Based on data from the following studies: Milan, Aviano, Italy Multicenter, Switzerland-Vaud, Seattle (OraIGen),27 Tampa, Los Angeles,
Germany-Saarland, North Carolina.

¢ Adjusted for age, race, sex, study centers, education level, pack-years of cigarette smoking, and alcohol drinks per day.

d Adjusted for age, race, sex, study centers, education level, pack-years of cigarette smoking, alcohol drinks per day, and BMI.
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Odds ratio
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Figure 1. Forest plot of study-specific ORs and 95% Cls for the association between history of diabetes and HNC risk, INHANCE
Pooled Case-Control Study of Head and Neck Cancer. The squares represent the OR estimates and the horizontal lines represent the 95%
Cls for each study. The area of the square reflects the weight that the study contributes. This random-effects model incorporates an estimate
of between-study heterogeneity in the weighting. The diamond at the center indicates the random-effects estimate and the width of the
diamond indicates the 95% CI.
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Figure 2. Influence analyses of single studies on the overall estimate for the association between history of diabetes and HNC risk,
INHANCE Pooled Case-Control Study of Head and Neck Cancer. The circle for each study represents the OR estimate and the horizontal
line represents the 95% CI from the pooled data after excluding that study. The three vertical lines represent the random-effects pooled point
estimate and associated 95% CI.
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CHAPTER 3
Type Il diabetes and metabolic syndrome and the association with head and neck

squamous cell carcinoma: a study in the SEER-Medicare database

Introduction

Diabetes has been associated with an increased risk of multiple types of cancer.
Results of a meta-analysis analyzing this relationship indicated two-fold or higher relative
risks for liver, pancreatic and endometrial cancer, and lesser elevated risks for colorectal,
breast and bladder cancers (1). On the other hand, diabetes was not found to be associated
with lung cancer, and was inversely associated with prostate cancer (1). Metabolic
syndrome is a cluster of health abnormalities, including hyperinsulinemia/hyperglycemia,
hypertension, excess abdominal body fat and dyslipidemia. The presence of metabolic
syndrome is known to increase the risk of developing type Il diabetes and cardiovascular
disease (2). A large body of evidence also implicates metabolic syndrome as an important
risk factor in the development of similar cancers as those associated with diabetes, including
colorectal (3,4), breast (5,6), pancreatic (7), endometrial (8), and liver cancer (9).

Metabolic syndrome has been referred to as “insulin resistance syndrome” (10), and
both diabetes and metabolic syndrome are characterized by dysglycemia and a state of
chronic systemic inflammation (2). The mechanisms by which diabetes and metabolic
syndrome may influence the carcinogenic process are similar. These include hyperglycemia-
induced formation of reactive oxygen species (ROS) and damage to DNA (11), exposure to
high levels of insulin and insulin-like growth factors (IGF’s) (12,13), and/or chronic
inflammation associated with dysglycemia resulting in a pro-angiogenic, anti-apoptotic
microenvironment which may fuel malignant growth (14,15). Components of metabolic

syndrome, such as obesity and insulin resistance, are additionally postulated to promote
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cancer by increasing production/bioavailability of hormones such as estrogen and
adipokines (16).

Whether type Il diabetes or metabolic syndrome is associated with head and neck
squamous cell carcinoma (HNSCC) has received little attention. In a pooled analysis of 12
international case-control studies from the International Head and Neck Cancer
Epidemiology Consortium, we recently reported a positive association between a history of
diabetes and the incidence of head and neck cancers among non-smokers (17). A Danish
population-based study comparing individuals hospitalized with a diagnosis of diabetes to
the general population observed an increased risk of mouth/pharynx cancer associated with
diabetes in subjects less than 50 years old but not in older persons (18). A hospital-based
case-control study of 2,660 patients and 2,980 controls in Hungary observed that elevated
fasting glucose was strongly associated with oral cancer in females but not males (19).
Whether metabolic syndrome is associated with risk of development of HNSCC has not
been investigated.

Our goal was to investigate whether type 1l diabetes or metabolic syndrome is
associated with HNSCC using a very large data source that was representative of the US
population. The use of claims data additionally provided an opportunity to rely on records
other than self-report, and allowed us to attempt to exclude type | diabetes and thus focus

on type Il diabetes.

Methods
Overview and Design

We conducted a nested case-control study using data from the Surveillance,
Epidemiology, and End Results (SEER)-Medicare database. Cases were all persons aged

68-99 years diagnosed with HNSCC between 1994 and 2007. Controls were selected from
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a similarly-aged 5% sample of individuals residing in the same regions as the SEER
registries of the cases. We compared the prevalence of metabolic syndrome and type Il

diabetes among persons who developed HNSCC and those who did not.

Data Source

The SEER-Medicare database links population-based cancer registry data and
Medicare enrollment and claims files. Medicare is the primary health insurer for 97% of the
US population aged 65 years and older (20). The linkage is based on a deterministic
algorithm using name, Social Security number, sex, and date of birth, and successfully
matches 94% of SEER cancer cases aged 65 and older with Medicare recipients (21). We
obtained data for the study period 1991-2007 from 16 SEER registries (San Francisco,
Connecticut, Detroit, Hawaii, lowa, New Mexico, Seattle, Utah, Atlanta, San Jose, Los
Angeles, Rural Georgia, Greater California, Kentucky, Louisiana, and New Jersey) (22).
While SEER areas are generally representative of the overall US population, urban areas,
higher income persons and racial/ethnic minorities are overrepresented (21). Claims data
were available for Medicare parts A (hospital inpatient care to which all Medicare
beneficiaries are entitled) and B (physician and outpatient services, to which approximately
96% of participants subscribe) (21). These data contained International Classification of
Diseases, ninth revision, Clinical Modification (ICD-9-CM) diagnosis codes and dates of

service.

Study Population
We identified all persons between the ages of 68 and 99 diagnosed with
histologically confirmed HNSCC between 1994 and 2007 and no other prior cancers. We

obtained a diagnosis month and year from the SEER data, and assigned the 15" of each
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month to create a diagnosis date. The classification of malignancies in SEER is based on
the International Classification of Diseases for Oncology, Version 3 (ICD-03) (23). HNSCC
cases included cancers of the tongue (C02.0, C02.1, C02.2, C02.3, C02.4, C02.8, C02.9),
floor of mouth (C04.0, C04.1, C04.8, C04.9), gum (C03.0, C03.1, C03.9), palate (C05.0,
C05.1, C05.2, C05.8, C05.9), other and unspecified parts of mouth (C06.0, C06.1, C06.2,
C06.8, C06.9), tonsil (C09.0, C09.1, C09.8, C09.9), oropharynx (C01.9, C10.0, C10.1,
C10.2, C10.3, C10.4, C10.8, C10.9), hypopharynx (C13.0, C13.1, C13.2, C13.8, C13.9),
larynx (C32.0, C32.1, C32.2, C32.3, C32.8, C32.9), and other oral cavity and pharynx
(C14.0, C14.2, C14.8). We only included cases enrolled in Medicare parts A and B
continuously for at least three years immediately prior to diagnosis to ensure adequate time
for diagnoses of diabetes and metabolic syndrome, as well as other aspects of medical
history, to be captured in the claims data. Thus, although data were available for persons
aged 265, all subjects in the present study were 68 years of age or older. In addition, the
following subjects were excluded: (i) persons enrolled in Medicare only because of
disabilities or end-stage renal disease, (ii) persons with unknown diagnostic confirmation of
HNSCC, (iii) persons with cancers identified solely by autopsy or death certificate, and (iv)
subjects enrolled in a health maintenance organization (HMO) in the three years prior to
diagnosis (because these plans are not required to submit claims to Medicare).

We identified controls as persons aged 68-99 with no prior cancer diagnoses
selected from a 5% random sample of Medicare beneficiaries residing in the regions of the
SEER registries. We randomly assigned each potential control an index date between the
years 1994 to 2007. As for cases, controls were enrolled in Medicare parts A and B
continuously but not enrolled in an HMO for at least three years immediately prior to their
index date, and could not have been enrolled in Medicare because of disabilities or end-

stage renal disease. We excluded subjects with a date of death prior to the index date. We



50

assigned a registry region to each control, based on the state and county of the last
residence that person lived in during their index year, and excluded controls for which a
valid registry could not be determined.

We frequency matched controls to cases in a ratio of 3:1 on sex and the estimated
total number of months of Medicare enroliment prior to index date. We estimated the
amount of Medicare enrollment prior to the index date for cases and controls by adding 1 for
each month of enrollment in both Part A and Part B, and adding % for each month of
enrollment in Part A only or Part B only. This calculation was done so as to create a
measure of duration of Medicare enrollment that was reflective of the likelihood of capturing
claims event data. We calculated the proportion of cases who were male and female, and
the proportion with each unique number of months of Medicare enrollment prior to the index
date (a minimum of 37 and maximum of 204, rounded to the nearest whole number), and

then conducted frequency matching.

Definition of metabolic syndrome and type Il diabetes

We assigned a diagnosis of type Il diabetes or metabolic syndrome if these
conditions were identified in the claims data prior to the HNSCC diagnosis date for cases
and index date for controls. We focused on type Il diabetes because hypothesized
mechanisms for an increased risk of cancer associated with diabetes included elevated
levels of insulin/IGFs and a state of chronic systemic inflammation, which are hallmarks of
type Il diabetes (12-15). Type Il diabetes was defined by ICD-9-CM code 250 (Table 8). The
ICD-9-CM codes 250.X0 and 250.X2 specifically indicate type Il diabetes, while codes
250.X1 and 250.X3 indicate type | diabetes, and were thus not included. We elected to

include codes 250 and 250.X in the definition of type Il diabetes, where type may be
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unknown, because there are relatively few people with type 1 diabetes among the Medicare
population (24).

We assigned a diagnosis of metabolic syndrome based on criteria suggested by the
US National Cholesterol Education Program Adult Treatment Panel Il (NCEP-ATP III).
These criteria are the presence of at least 3 of the following conditions: elevated waist
circumference/central obesity, dyslipidemia, hypertension, and impaired fasting glucose or
diabetes (25). We used overweight/obesity as a surrogate for elevated waist circumference.
The specific ICD-9-CM codes used are listed in Table 8. The occurrence of any of these

codes was used to identify each condition.

Definition of relevant covariates

We obtained data on age, gender, race/ethnicity, and SEER registry region for cases
from SEER data and from Medicare data for controls. Income was determined from the
median household income for the zip code of residence at index date and was based on the
year 2000 census bureau survey. We classified subjects as to the presence or absence of
HNSCC risk factors using ICD-9-CM codes in the claims data prior to the index date. These
included tobacco use: V15.82, 305.1, 989.84; and alcohol use: 303, 305.0, V11.3, V79.1,
291. We also inferred smoking and alcohol use from the presence of medical conditions that
may arise from smoking (chronic bronchitis (490, 491) and emphysema (492)) or alcohol
drinking (alcoholic fatty liver disease (571.0), alcoholic hepatitis (571.1), alcoholic cirrhosis of
the liver (571.2), and alcoholic liver damage (571.3)).

A small number of subjects had missing data for median household income (4.6% of
cases and 2.8% of controls), and we therefore imputed data using a ‘MICE’ procedure
(multiple imputation by chained equations) (26). We generated four imputed datasets, and

used the following predictors to impute missing income data: case/control status, registry
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region, sex, age, race, tobacco use, alcohol drinking status, overweight, hypertension,

dyslipidemia, impaired fasting glucose and diabetes.

Statistical Analyses

We estimated odds ratios and 95% confidence intervals using unconditional logistic
regression, adjusting for all confounding and matching factors. We used SAS, version 9.3
(SAS Institute, Cary, NC) and Stata statistical software (version 11.0, Stata Corp., College

Station, TX) for analyses.
Metabolic syndrome/diabetes as risk factors for HNSCC

We evaluated the risk of HNSCC associated with a history of type Il diabetes and
metabolic syndrome as dichotomous variables (yes/no). Covariates used for adjustment
were age (continuous), sex (dichotomous), race/ethnicity (categorical), SEER geographic
region (categorical), median income (continuous), duration of Medicare membership prior to
index date (continuous), tobacco use (yes/no) and alcohol use (yes/no). In analyses of the
relationship between diabetes and HNSCC, we additionally adjusted for overweight/obesity
(yes/no). In additional analyses, we also evaluated associations with individual metabolic

syndrome components.
Secondary analyses

In secondary analyses, we examined the association between diabetes/metabolic
syndrome and HNSCC after stratifying by tobacco use and sex. To statistically assess
departures from multiplicative effects on the odds scale, we included product terms in these
stratified analyses and used a log-likelihood ratio test to compare logistic models with and

without the product terms. We categorized cases by tumor site and performed polytomous
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logistic regression to assess whether, and to what extent, the association with diabetes
varied across tumor sites. To examine whether detection bias due to increased diagnostic
workup of cases during the time leading up their diagnosis may have been present, we
repeated primary analyses after excluding all diagnoses that occurred within one year of

diagnosis date for cases and index date for controls.

Results

We identified 46,531 subjects with a first HNSCC. We excluded: 114 cases with
unknown diagnostic confirmation or who were identified solely by autopsy or death
certificate; 8,237 cases enrolled in an HMO in the three years prior to diagnosis; 19,919
cases who were not enrolled in Medicare Part A and Part B continuously during the 3 years
prior to diagnosis; 4,227 cases enrolled in Medicare only because of disabilities or end-
stage renal disease; and 12 cases who were not between the ages of 68 and 99. After these
exclusions, 14,022 cases remained for analysis. Controls included 42,066 persons, matched
to cases in a 3:1 ratio, without any prior cancer diagnosis who met the same inclusion
criteria as for cases.

Cases and controls were matched on sex and amount of time enrolled in Medicare,
and were similar with respect to age, race, registry region and median household income
(Table 9). Cases were more likely to be tobacco users and alcohol drinkers compared with
controls, and controls were more likely to be overweight/obese. Of the cases, 36.5% had
cancer of the oral cavity, 18.4% had oropharyngeal cancer, and 40.4% had cancer of the
larynx.

The prevalence of type Il diabetes and metabolic syndrome observed prior to

diagnosis/index date were similar for cases and controls: 32.6% of cases and 33.1% of
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controls had a diagnosis of type Il diabetes; 27.4% of cases and 29.3% of controls had a
diagnosis of metabolic syndrome. For the individual metabolic syndrome components, 7.0%
of cases and 9.1% of controls were considered overweight/obese; 61.6% of cases and
65.6% of controls had dyslipidemia; 75.5% of cases and 75.1% of controls had
hypertension; and 33.8% of cases and 34.3% of controls had impaired fasting glucose / type
Il diabetes.

Type Il diabetes was slightly inversely associated with HNSCC in models matched
on sex and duration of Medicare enroliment and adjusted further for age, race, income,
tobacco use, alcohol use, overweight, and registry (OR=0.92; 95% CI, 0.88-0.96; Table 10).
We observed effect modification by tobacco use (p<0.001 for the interaction), with a null
association between diabetes and HNSCC among non-users (OR=1.00; 95% ClI, 0.95-1.06;
Table 11) and an inverse association among tobacco users (OR=0.80; 95% CI, 0.75-0.86).
There was no effect modification by sex (p=0.22 for the interaction; Table 11). The
association between type Il diabetes and HNSCC did not differ materially after exclusion of
all diagnoses within the year prior to diagnosis for cases and index date for controls
(OR=0.91; 95% CI, 0.87-0.95).

Metabolic syndrome was inversely associated with HNSCC in models matched on
sex and duration of Medicare enrollment and additionally adjusted for age, race, income,
tobacco use, alcohol use, and registry (OR=0.81; 95% CI, 0.78-0.85; Table 10). This inverse
association was strongest for overweight (OR=0.69; 95% CI, 0.64-0.74) and dyslipidemia
(OR=0.75; 95% CI, 0.72-0.79), and closer to null for impaired fasting glucose (OR=0.90;
95% Cl, 0.86-0.94) and hypertension (OR=0.95; 95% CI, 0.90-0.99).

As with type Il diabetes, tobacco use was an effect modifier of the association
between metabolic syndrome and HNSCC (p<0.001). The inverse association was strongest

among tobacco users (OR=0.72; 95% Cl, 0.67-0.77), but was closer to the null among
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never-users (OR=0.88; 95% CI, 0.84-0.94; Table 12). There was no effect modification by
sex (p=0.80 for the interaction).

There was no strong evidence of heterogeneity by tumor site in the association
between diabetes and HNSCC (p=0.33; Table 13). The inverse association between
diabetes and HNSCC appeared to be slightly stronger for tumors arising in the hypopharynx
compared with other sites; however this is likely due to chance as the number of cases in

this category was very small.

Discussion

In this large, population-based study, we observed a marginal inverse association
between type 1l diabetes and HNSCC (OR=0.92; 95% ClI, 0.88-0.96). This result was
modified by tobacco use, with a null association among non-users and an inverse
association among tobacco users. We observed a modest inverse association between
metabolic syndrome and HNSCC (OR=0.81; 95% CI, 0.78-0.85).

An inverse association between diabetes and HNSCC was unexpected as
observations from previous studies had indicated a positive association among subgroups of
the population (17-19). In a pooled analysis of 12 international case-control studies, we
observed a weak association between diabetes and the incidence of head and neck cancer
overall (OR=1.09; 95% CI, 0.95-1.24) (17). However, we observed a modest association
among never smokers (OR=1.59; 95% CI, 1.22-2.07), and no association among ever
smokers (OR=0.96; 95% CI, 0.83-1.11). Suba et al. conducted a hospital-based case-
control study on 2,660 in-patients with confirmed OSCC and 2,980 “complaint-free” controls
participating in oral cancer screenings, and observed that repeatedly elevated fasting

glucose was strongly associated with oral cancer in females (OR=1.61; no 95% CI reported,;
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p<0.05), but not males (OR=0.97; p>0.05) (19). In a cohort of diabetics in Denmark,
Wideroff et al. reported increased risk of mouth/pharynx cancer associated with diabetes
(18). However, there were only 30 cases in those analyses and the association was only
observed in subjects less than 50 years old at diabetes diagnosis.

To the best of our knowledge, no previous studies have examined the association
between metabolic syndrome and HNSCC. An association between metabolic syndrome
and oral premalignancy was recently observed in a study of subjects undergoing general
health and oral examinations in Taiwan (27). This association remained after accounting for
areca nut chewing and other confounding factors. Diabetics also appear to be at increased
risk of developing oral predisposing lesions such as leukoplakia and erythroplakia (28-30).
However, oral predisposing lesions as endpoints is limited by the fact that oral lesions of this
type do not necessarily transform to malignancy (31,32).

Obesity is strongly associated with metabolic syndrome, and an increased risk of
developing insulin resistance, followed by glucose intolerance and type Il diabetes (33,34).
In a previous pooled case-control study, it was observed that head and neck cancer risk is
elevated among lean people and reduced among overweight or obese people, and that
these findings remained for overweight/obesity 2-5 years prior to case diagnosis date (35).
The strong relationship between obesity and type |l diabetes/metabolic syndrome may thus
be a factor accounting for the inverse association observed with HNSCC in the present
study. Although we adjusted for overweight/obesity in all analyses, our ability to capture
overweight/obese persons from claims data was very poor. We categorized 9.1% of controls
as overweight/obese. However, according to data from the Medicare Current Beneficiary
Survey (MCBS), a survey on medical care use and health status of a representative sample
of Medicare beneficiaries in the United States, 63% of Medicare beneficiaries were

overweight or obese in the year 2000 (36).
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We observed a null association between type |l diabetes and HNSCC among non-
users of tobacco and an inverse association among tobacco users. In our previous analysis
of pooled case-control studies (17), we also observed effect modification by smoking;
however in these analyses, we observed a positive association between history of diabetes
and HNSCC among non-smokers and no association among smokers. As a possible
explanation, we suggested that adjustment for smoking was not sufficient to remove all
confounding among smokers, and that the association between a history of diabetes and
HNSCC among never smokers may be closer to the true association as it circumvented this
source of residual confounding. Another possibility is that a proportion of people who are
both heavy smokers and diabetic and who would have developed HNSCC in the future, may
be at particular risk for early death, and may have died before developing HNSCC.

In our previous pooled analysis (17), we observed a positive association between
head and neck cancer and diabetes diagnosed before age 50, and no association for those
diagnosed after age 50. Considering that the minimum age in the present study was 68, this
factor might be an additional partial explanation for differing results between that study and
the present study. However, an analysis of the pooled data after excluding subjects less
than 68 years old did not materially change the estimates for that study. Nevertheless, it has
been proposed that adults diagnosed with diabetes at a younger age may represent a more
aggressive phenotype than people diagnosed late in life (37). More people with diabetes
diagnoses before the age of 50 may thus have died at an earlier age than those diagnosed
over the age of 50, and may thus not be included in the SEER-Medicare data.

There are several limitations of the SEER-Medicare data in conducting a case-
control study of this nature. Only conditions recorded by a health-care provider are
available, and asymptomatic or underdiagnosed conditions will often not be recorded (21).

As previously noted, claims data particularly lack sensitivity for conditions such as obesity.



58

Tobacco and alcohol use, which are both very important risk factors for HNSCC, are also
often substantially underreported, and there are no data on duration or intensity of tobacco
or alcohol use. In addition, these risk factors could only be identified indirectly for some
individuals by conditions resulting from use, such as emphysema or alcoholic hepatitis. This
limitation of the data source may be an explanation for the observed inverse association
between diabetes/metabolic syndrome and HNSCC, as all prior evidence had suggested
that a positive association might be expected (17-19). Nonetheless, it should be noted that
previous research using the SEER-Medicare data resulted in associations that were in the
expected direction. A recent meta-analysis indicated a positive association between
diabetes and hepatocellular carcinoma in 18 out of 25 cohort studies (summary relative risk
2.01; 95% ClI, 1.61-2.51) (38), and this positive association was confirmed in the SEER-
Medicare data (39).

Part D data, which covers medication use, was only available from 2007 onwards,
and thus we were not able to include these data in our analyses. Medication data would be
useful in identifying subjects with metabolic syndrome and diabetes, particularly the more
serious cases. In addition, medication use may modify associations between diabetes
and/or metabolic syndrome; for example, the diabetes drug metformin is associated with
reduced risk of various types of cancers, whereas the use of exogenous insulin is
associated with increased risk (40,41).

Lack of sensitivity of claims data is not expected to differ between cases and
controls; thus misclassification from this source is likely to be non-differential. Nevertheless,
to make sure that increased medical evaluation of cases did not lead to heightened
ascertainment of medical conditions, we repeated analyses after excluding all diagnoses in

the year preceding diagnosis date, and observed no material change in the results.
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An important strength of the present study is the very large population-based nature
of the data source. SEER registries have a 99% completeness rate of case ascertainment,
and participating registries are required to meet strict standards for data quality (41). In
addition, the 5% random subcohort of controls is reflective of the source population.
Although there is some overrepresentation of urban areas, higher income persons and
racial/ethnic minorities, the SEER-Medicare population is a good representation of the

general US elderly population (21).

Conclusion

In this large population-based case-control study, we observed a very slight inverse
association between type Il diabetes and HNSCC, and a modest inverse association
between metabolic syndrome and HNSCC, adjusted for several potential confounders.
These results were contrary to the evidence to date, which had suggested that a positive
association between diabetes and HNSCC may exist in subgroups of the population (17-19).
It is possible that inadequate control for important confounding factors, such as
overweight/obesity and duration/intensity of tobacco use, may have resulted in the observed

inverse association in the present study.
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Table 8. ICD-9-CM codes used to determine type Il diabetes and metabolic syndrome in the
SEER-Medicare database, 1991-2007.%

ICD-9-CM  Description

Type |l diabetes

250 Diabetes mellitus

250.0 Diabetes mellitus without mention of complication

250.00 Diabetes mellitus without mention of complication, type ll/unspecified, not stated as uncontrolled

250.02 Diabetes mellitus without mention of complication, type Il or unspecified type, uncontrolled

250.1 Diabetes with ketoacidosis

250.10 Diabetes with ketoacidosis, type Il or unspecified type, not stated as uncontrolled

250.12 Diabetes with ketoacidosis, type Il or unspecified type, uncontrolled

250.2  Diabetes with hyperosmolarity

250.20 Diabetes with hyperosmolarity, type Il or unspecified type, not stated as uncontrolled

250.22 Diabetes with hyperosmolarity, type Il or unspecified type, uncontrolled

250.3  Diabetes with other coma

250.30 Diabetes with other coma, type Il or unspecified type, not stated as uncontrolled

250.32 Diabetes with other coma, type Il or unspecified type, uncontrolled

250.4  Diabetes with renal manifestations

250.40 Diabetes with renal manifestations, type Il or unspecified type, not stated as uncontrolled

250.42 Diabetes with renal manifestations, type Il or unspecified type, uncontrolled

250.5 Diabetes with ophthalmic manifestations

250.50 Diabetes with ophthalmic manifestations, type Il or unspecified type, not stated as uncontrolled

250.52 Diabetes with ophthalmic manifestations, type Il or unspecified type, uncontrolled

250.6  Diabetes with neurological manifestations

250.60 Diabetes with neurological manifestations, type Il or unspecified type, not stated as uncontrolled

250.62 Diabetes with neurological manifestations, type Il or unspecified type, uncontrolled

250.7  Diabetes with peripheral circulatory disorders

250.70 Diabetes with peripheral circulatory disorders, type Il or unspecified type, not stated as uncontrolled

250.72 Diabetes with peripheral circulatory disorders, type Il or unspecified type, uncontrolled

250.8 Diabetes with other specified manifestations

250.80 Diabetes with other specified manifestations, type Il or unspecified type, not stated as uncontrolled

250.82 Diabetes with other specified manifestations, type Il or unspecified type, uncontrolled

250.9 Diabetes with unspecified complication

250.90 Diabetes with unspecified complication, type Il or unspecified type, not stated as uncontrolled

250.92 Diabetes with unspecified complication, type Il or unspecified type, uncontrolled
Overweight/Obesity

278.0  Overweight and obesity

278.1  Localized adiposity

278.00 Obesity unspecified

278.01 Morbid obesity

278.02 Overweight

783.1  Abnormal weight gain

V77.8  Screening for obesity
Dyslipidemia

272.0  Pure hypercholesterolemia

272.1  Pure hyperglyceridemia

272.2  Mixed hyperlipidemia

272.4  Other and unspecified hyperlipidemia

272.5  Lipoprotein deficiencies

272.9  Unspecified disorder of lipid metabolism
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Table 8 continued

Hypertension

401

401.0
401.1
401.9
402

402.0
402.1
402.9
403

403.0
403.1
403.9
404

404.0
404.1
404.9

Essential hypertension

Malignant essential hypertension

Benign essential hypertension

Unspecified essential hypertension
Hypertensive heart disease

Malignant hypertensive heart disease

Benign hypertensive heart disease

Unspecified hypertensive heart disease
Hypertensive renal disease

Malignant hypertensive renal disease

Benign hypertensive renal disease

Unspecified hypertensive renal disease
Hypertensive heart and chronic kidney disease
Malignant hypertensive heart and renal disease
Benign hypertensive heart and renal disease
Unspecified hypertensive heart and renal disease
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Table 9. Characteristics of HNSCC cases and controls, SEER-Medicare database, 1991-2007.2

Characteristic Cases (n=14,022) Controls (n=42,066)
N % n %

Age (years)

68-72 4,302 30.7 11,724 27.9
73-77 4,079 29.1 12,076 28.7
78-82 3,002 21.4 9,265 22.0
83-99 2,639 18.8 9,001 21.4
Sex
Men 8,976 64.0 26,928 64.0
Women 5,046 36.0 15,138 36.0
Race
White 12,223 87.2 35,919 85.4
Black 987 7.0 2,432 5.8
Asian 356 2.5 1,606 3.8
Hispanic 206 15 1,050 25
American Native 30 0.2 131 0.3
Other 195 1.4 850 2.0
Unknown 25 0.2 78 0.2
SEER Registry
San Francisco 657 4.7 1,606 3.8
Connecticut 1,256 9.0 2,929 7.0
Detroit 1,395 10.0 3,081 7.3
Hawaii 290 2.1 722 1.7
lowa 1,078 7.7 3,189 7.6
New Mexico 379 2.7 1,145 2.7
Seattle 996 7.1 2,394 5.7
Utah 288 2.1 1,300 3.1
Atlanta 502 3.6 1,280 3.0
San Jose 375 2.7 1,026 2.4
Los Angeles 1,266 9.0 3,355 8.0
Rural Georgia 60 0.4 108 0.3
Greater California 1,907 13.6 7,522 17.9
Kentucky 969 6.9 3,377 8.0
Louisiana 843 6.0 2,701 6.4
New Jersey 1,761 12.6 6,331 15.1
Median Household Income”
< $35,000 3,501 25.0 10,505 25.0
$35,001-$45,000 3,403 24.3 10,166 24.2
$45,001-$60,000 3,805 27.1 11,169 26.6
= $60,000 3,313 23.6 10,226 24.3
Amount of Enroliment in Medicare (years)®
3-5 2,939 21.0 8,817 21.0
5-<8 3,792 27.0 11,376 27.0
8-<11 3,486 24.9 10,458 24.9
211 3,805 27.1 11,415 27.1
Tobacco use
Yes 5,378 38.4 10,962 26.1
No 8,644 61.7 31,104 73.9
Alcohol use
Yes 575 4.1 424 1.0

NoO 13,447 95.9 41,642 99.0
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Table 9 continued

Overweight/obesity

Yes 985 7.0 3,811 9.1

No 13,037 93.0 38,255 90.9
Tumor site

Oral cavity 5,118 36.5

Oropharynx 2,579 184

Hypopharynx 385 2.8

Larynx 5,666 40.4

lll-defined site 274 2.0

% Reference dates start from 1994, but claims diagnoses are ascertained from 1991 onwards.
Percentages have been rounded and may not total 100.

® Based on zip code of residence at diagnosis/index date.

° If enroliment was in Part A or Part B only, we counted this as half a month instead of a full month.
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Table 10. Adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association
between head and neck squamous cell carcinoma and diabetes and metabolic syndrome,
SEER-Medicare database, 1991-2007%

Cases Controls
exposed/ exposed/
Exposure (yes/no) unexposed unexposed
N N OR (95% CI)

Diabetes " 4574/9448 13939/28127 0.92  (0.88-0.96)
Metabolic syndrome ° 3835/10187 12306/29760 0.81 (0.78-0.85)
Overweight 985/13037 3811/38255 0.69 (0.64-0.74)
Hypertension 10592/3430 31596/10470 0.95  (0.90-0.99)
Dyslipidemia 8630/5392 27599/14467 0.75  (0.72-0.79)
Impaired fasting glucose 4737/9285 14434/27632 0.90 (0.86-0.94)

4 Reference dates start from 1994, but claims diagnoses are ascertained from 1991 onwards.

® Matched on sex and time enrolled in Medicare and adjusted for age, race, income, tobacco use,
alcohol use, overweight, and registry.

¢ Matched on sex and time enrolled in Medicare and adjusted for age, race, income, tobacco use,
alcohol use, and registry.
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Table 11. Adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association
between head and neck squamous cell carcinoma and diabetes (yes/no) by tobacco use
(yes/no) and sex, SEER-Medicare database, 1991-2007.%

Cases Controls

Diabetes (yes/no) exposed/ exposed/

unexposed unexposed

N N OR”  (95% CI)

Tobacco user® 1985/3393 4619/6343 0.80 (0.75-0.86)
Non-tobacco user 2589/6055 9320/21784 1.00 (0.95-1.06)
Women® 1653/3393 4983/10155 0.95 (0.89-1.02)
Men 2921/6055 8956/17972 0.90 (0.86-0.95)

4 Reference dates start from 1994, but claims diagnoses are ascertained from 1991 onwards.

® Matched on sex and time enrolled in Medicare and adjusted for age, race, income, alcohol use,
obesity/overweight, and registry.

¢ Likelihood ratio test for interaction by tobacco use: p=0.00001.

4 Likelihood ratio test for interaction by sex: p=0.22.
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Table 12. Adjusted odds ratios (OR) and 95% confidence intervals (Cl) for the association
between head and neck squamous cell carcinoma and metabolic syndrome (yes/no) by
tobacco use (yes/no) and sex, SEER-Medicare database, 1991-2007.%

Cases Controls
Metabolic syndrome exposed/ exposed/
(yes/no) unexposed unexposed
N N OR”  (95% CI)
Tobacco user® 1780/3598 4389/6573 0.72  (0.67-0.77)
Non-tobacco user 2055/6589 7917/23187 0.89  (0.84-0.94)
Women® 1450/3596 4722/10416 0.86 (0.80-0.93)
Men 2385/6591 7584/19344 0.87 (0.82-0.93)

4 Reference dates start from 1994, but claims diagnoses are ascertained from 1991 onwards.

® Matched on sex and time enrolled in Medicare and adjusted for age, race, income, alcohol use,
and registry.

¢ Likelihood ratio test for interaction by tobacco use: p<0.001.

4 Likelihood ratio test for interaction by sex: p=0.80
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Table 13. Adjusted odds ratios (OR) and 95% confidence intervals (Cl)
for the association between head and neck squamous cell carcinoma and diabetes,
stratified by location of tumor, SEER-Medicare database, 1991-2007.%

Cases Controls

Diabetes (yes/no) exposed/ exposed/

unexposed unexposed

N N OR”  (95% CI)

Oral cavity 1691/3427 13939/28127 0.97  (0.91-1.03)
Oropharynx 824/1755 13939/28127 0.92  (0.84-1.00)
Hypopharynx 110/275 13939/28127 0.74  (0.59-0.93)
Larynx 1865/3801 13939/28127 0.90 (0.85-0.96)
ll-defined site 84/190 13939/28127 0.86  (0.66-1.13)

4 Reference dates start from 1994, but claims diagnoses are ascertained from 1991 onwards.
® Matched on sex and time enrolled in Medicare and adjusted for age, race, income, tobacco use,
alcohol use, overweight, and registry. P=0.33 for heterogeneity by site.
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CHAPTER 4 The association between oral squamous cell carcinoma and genes and

pathways involved in dysregulated glucose metabolism

Introduction

Oral squamous cell carcinoma (OSCC) is associated with substantial mortality and
morbidity, with an estimated 400,000 new cases and 200,000 deaths in 2008 worldwide (1).
Tobacco and alcohol use are established risk factors, and are responsible for a substantial
proportion of OSCC. More recently, infection with oncogenic human papillomavirus has
been identified as a cause of OSCC, particularly oropharyngeal tumors (2,3). Nevertheless,
there remains a proportion of OSCC that cannot be attributed to the usual risk factors,
particularly for oral cavity cancer, among women and among those under age 45 (4).

A growing body of evidence points to the crucial role that the tumor
microenvironment and tumor cell metabolism play in cancer development and growth. The
essential hallmarks of cancer are closely linked to altered programming of cancer cell
metabolism (5,6). As early as the 1920’s, Otto Warburg observed that tumor cells have an
inherently higher need for glucose (the “Warburg effect”) (7). The fact that glucose
metabolism is altered in a wide range of cancers is used to visualize and detect malignant
tumors by the use of [18F] flouro-2-deoxyglucose (FDG) positron emission tomography
(PET). Specifically, head and neck squamous tumor cells are highly dependent on glucose
for energy production and survival (8). The increased requirement for glucose in neoplastic
tumors raises the possibility that abnormal glucose metabolism may fuel tumor proliferation
(9).

In a pooled analysis of 12 international case-control studies, we recently observed an

association between a history of diabetes and the incidence of head and neck cancers
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among non-smokers (Chapter 2) (10). However, in an analysis using SEER-Medicare data,
this finding was not confirmed, and instead we observed a marginal inverse association
between type Il diabetes and HNSCC (Chapter 3). Several other studies suggest that a
positive relationship may exist between OSCC and abnormalities of glucose metabolism or
the diabetic condition. Diabetics have an increased prevalence of oral lesions such as
erythroplakia and leukoplakia that predispose to oral cancer (11,12). Mouth/pharynx cancer
was found to be associated with diabetes in subjects less than 50 years old (13), and in a
large hospital-based case-control study, researchers observed that elevated fasting glucose
was strongly associated with oral cancer in females (14).

These results motivated us to investigate whether pathways involved in glucose
metabolism were differentially expressed in primary OSCC compared with non-neoplastic
oral epithelium. Such differential expression may be an expected consequence of
malignancy. However, dysplastic oral tissue would not be expected to induce dysregulation
of glucose metabolism in the same manner. Thus, to evaluate the hypothesis that impaired
glucose metabolism may play a role in the cause or promotion of OSCC, we sought to
determine whether pathways involved in glucose metabolism were similarly differentially
expressed in dysplastic oral tissue compared with control tissue. In addition, we sought to
stratify results by site, HPV status and two-year survival, in an attempt to examine whether
tumors with different characteristics may be more metabolically active, and how this might

impact prognosis.
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Methods

Study Population

These analyses were performed on a population that is part of an ongoing
prospective study (the ORALCHIP study) to study the association between genome-wide
gene expression profiles and the progression and outcome of OSCC. As described by Chen
et al. (15), cases were subjects over the age of 18 with an incident primary cancer or
dysplasia of the oral cavity or oropharynx scheduled for biopsy or surgery at one of three
medical centers affiliated with the University of Washington. Controls were patients who
received oral surgery, such as uvulopalatopharyngoplasty or tonsillectomy, for a non-
malignant or non-pre-malignant condition at the same institutions and during the same time
period. Subjects were enrolled between December 2003 and April 2007.

Tumor tissue from cases was obtained at time of resection prior to any
chemo/radiotherapy. Tissue from dysplasia patients and controls was obtained at time of
biopsy or surgery. Oral epithelial tissue from controls was collected from the uvula or
anterior tonsillar pillar, avoiding contamination with surrounding lymphoid tissue. For controls
with tonsillitis or tonsil hypertrophy, only mucosal tissue from the tonsillar pillar was obtained
to avoid potential influence of inflammation on the results. After removal, the tissue was
immersed in RNALater (Applied Biosystems, Inc.) for a minimum of 12 h at 4<C before being
transferred to long-term storage at -80<C until use.

Study participants were interviewed using a structured questionnaire on
demographic, medical, functional, quality of life, and lifestyle history, including tobacco and
alcohol use. Diabetic status was not recorded during the interviews. We thus reviewed

medical records of cases and controls to identify patients with a diagnosis of diabetes. Data
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on tumor stage and other tumor characteristics were abstracted from medical records.
Patients were followed through telephone contact as well as by review of medical records
and linkage to cancer registry data and the U.S. Social Security Death Index. Participants
gave informed consent and study procedures were approved by the institutional review
boards of the Fred Hutchinson Cancer Research Center, University of Washington, and VA

Puget Sound Health Care System.

DNA microarray and HPV testing

Total RNA was extracted from tumor and non-neoplastic oral tissue using a TRIzol
method (Invitrogen), purified with an RNeasy mini kit (Qiagen), processed using a GeneChip
Expression 3'-Amplification Reagents Kit (Affymetrix), and examined with Affymetrix
GeneChip Human Genome U133 Plus 2.0 Arrays, as previously documented (15). Several
guality control checks were performed on the microarray data. We followed Affymetrix
recommendations to determine if any GeneChips needed to be excluded, and used the
"affyQCReport" and "affyPLM" software in the Bioconductor package within the R statistical
programming language to determine if there were poor-quality chips that needed to be
excluded(www.bioconductor.org). In total, GeneChips from 167 cases, 17 dysplasia, and 45
controls passed all rounds of quality control procedures. Gene expression values for
~54,000 probe sets were extracted from probe intensity values (CEL files) and normalized
using the RMA algorithm in Partek Genomics Suite (www.partek.com).

Tumor and non-neoplastic oral tissue were screened for the presence of HPV DNA
using a nested polymerase chain reaction (PCR) protocol. All samples that showed a
positive PCR result were tested for HPV DNA presence using the LINEAR ARRAY HPV

Genotyping Test (Roche, Indianapolis, Indiana) containing complementary sequences to the
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PCR products for 37 HPV genotypes, under a research-use only agreement. The HPV
genotypes included the 13 “high risk” genotypes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, and 68). To verify type calls, a subset of the samples were amplified and sequenced
using HPV-16-specific primers, and compared against a known HPV-16 sequence

(GenBank 333031).

Pathway-based differential gene expression

We compared 167 OSCC and 45 normal oral epithelium samples for differential
expression with respect to seven pathways related to dysregulated glucose metabolism from
the KEGG (Kyoto Encyclopedia of Genes and Genomes) (www.genome.jp/kegg/) database:
(1) insulin signaling (pathway:04910, 358 probe sets), (2) type 2 diabetes (pathway:04930,
121 probe sets), (3) peroxisome proliferator-activated receptor (PPAR) signaling
(pathway:03320, 149 probe sets), (4) glycolysis/gluconeogenesis (pathway:00010, 119
probe sets), (5) fatty acid metabolism (pathway:00071, 87 probe sets), (6) pyruvate
metabolism (pathway:00620, 75 probe sets), and (7) oxidative phosphorylation
(pathway:00190, 218 probe sets).

We used the global test (16) in R statistical programming language, adjusting for age
and sex, and accounting for multiple comparisons by the Benjamini and Hochberg false
discovery rate (FDR) method (17). The global test is based on an empirical Bayesian
generalized linear model, and provides a score statistic for an entire pathway based on
random-effects modeling of parameters corresponding to the coefficients of the individual
genes in the pathway (16). We chose this pathway-based tool because it allows for
covariate adjustment and does not depend on individual gene analyses. As described by

Goeman and Buhimann (18), the global test evaluates the "self-contained" null hypothesis:
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that genes in the pathway are not differentially expressed. Thus, only the pathways of
interest are analyzed instead of the entire microarray (18).

To determine whether differential expression of diabetes-related genes was due to
differing numbers of cases and controls with diabetes, we repeated these pathway-based
analyses after additionally adjusting for diabetic status (164 OSCC and 38 controls for which
diabetic status was known). We also performed analyses for the same seven pathways after
excluding 23 controls that underwent surgery for sleep apnea. This additional analysis was
performed to address possible bias from an association of sleep apnea with obesity, type I
diabetes, insulin resistance, and chronic systemic inflammation (19,20). Finally, we used the
same pathway-based analyses in a comparison of 17 dysplasias with 45 control tissue
samples.

To investigate whether differential expression of the seven pathways was similar in
an independent dataset, we downloaded a publicly-available external data set from Gene
Expression Omnibus (GEO; GSE6791) of 42 OSCC cases and 14 controls. We normalized
the CEL files using the RMA algorithm in Partek Genomics Suite, and repeated the same

pathway-based analyses as were conducted on our own data.

Pathway-based differential gene expression after stratification

We compared the expression of the seven pathways among primary OSCC after
stratifying by high-risk HPV status (37 high-risk HPV positive oropharyngeal cancers versus
15 high-risk HPV negative oropharyngeal cancers) and adjusting for age and sex. We also
examined differential expression of the seven pathways after stratifying by tumor site (115
oral cavity cancers versus 52 oropharyngeal cancers) and adjusting for age and sex. We

repeated these analyses after additional adjustment for pack-years of smoking.
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To examine whether pathways involved in dysregulated glucose metabolism might
be associated with survival, we stratified cases into two groups based on whether they died
from any cause within two years or survived beyond two years, and compared differential
expression of the seven pathways. We repeated these analyses for cases who died from

OSCC.

Individual gene analyses from differentially expressed pathways

To perform individual gene analyses, we identified the two pathways that were most
significantly differentially expressed between OSCC and normal oral epithelium, based on
the FDR-adjusted p-value. We then created datasets for each of these two pathways that
only contained the probe sets associated with the relevant pathway. We then compared oral
cancers and normal epithelium controls using ANCOVA (Partek Genomics Suite) with
respect to expression of genes in the two pathways. We adjusted for age and sex and
controlled the FDR at 0.05. From this analysis, we produced a list of differentially expressed
individual probe sets. We then identified four probe sets, corresponding to four genes, from
the two selected pathways, with the lowest p-values that also exhibited at least a three-fold
difference.

To obtain association estimates and to conduct various levels of adjustment for the
four genes, we compared log2 expression levels in primary OSCC with expression levels in
normal oral epithelium from control subjects by fitting adjusted linear regression models and
estimating 95% confidence intervals (Cl) for all association estimates. We adjusted the
models using several different covariate sets: (i) age (continuous) and sex, (ii) age, sex and
diabetic status (yes/no), and (iii) age, sex, pack years of smoking (continuous), and alcoholic
drinks per day in the year prior to date of diagnosis for OSCC cases or recruitment for

controls (categorical).
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Increased expression of pro-inflammatory cytokines or activated immune cells in the
tumor microenvironment may affect glucose metabolism (21-23).To investigate whether the
four genes associated with glucose dysregulation might be differentially expressed only as a
consequence of greater numbers of immune cells in tissue samples or because of the
resulting inflammation, in secondary analyses we adjusted for the expression of several key
genes associated with inflammation. The genes selected for adjustment were: (i) tumor
necrosis factor (TNF), a major pro-inflammatory cytokine (24) (ii) lipopolysaccharide-binding
protein CD14 and macrosialin CD68, two commonly-used macrophage markers (25), and
(iif) CD4, a glycoprotein expressed on T-cells. To explore the influence of diabetic status on
gene expression, we compared log2 expression levels of the four genes in diabetics with
expression levels in non-diabetics among cases as well as among controls. In all analyses
for which software is not specified, we used STATA statistical software (version 10.0, Stata

Corp., College Station, TX)

Platform verification of gene expression by quantitative reverse transcription-PCR

For the four genes that we found to be differentially expressed, gRT-PCR was
performed in triplicate in 10 uL reaction volumes using the QuantiTect SYBR Green RT-
PCR kit (Qiagen) and bioinformatically validated QuantiTect primers (Qiagen) on a ABI
7900HT Sequence Detection System (Applied Biosystems, Inc., Foster City, CA). We
performed this verification on a subset of 30 cases and 22 controls. We selected only those
controls not treated for sleep apnea. Standard curves were generated using Universal
Human Reference RNA (Stratagene) for all genes, with the linear correlation coefficient (R2)
= 0.99 for all runs. The mean threshold cycle (Ct) values were calculated from the triplicate

Ct values. We repeated gRT-PCR on the samples if Ct values had a standard deviation >
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0.3 in the triplicate run. Mean Ct values were standardized to the mean Ct value of the
reference gene, B-actin. The cycling conditions were as follows: 30 min incubation at 50C,
15 min incubation at 95C, and 40 cycles each of 15 s at 94C, 30 s at 55C, and 30 s at
72C. We compared mean Ct values of OSCC with control tissue by performing linear

regression, adjusting for age and sex, and estimating 95% confidence intervals.

Results

Characteristics of study participants are summarized in Table 14. OSCC cases
tended to be older and male and more likely to be current smokers compared with controls.
The majority of cases had advanced-stage disease (American Joint Committee on Cancer
(AJCC) stage Ill and IV). Controls were more likely to have a diabetes diagnosis than cases

(20.0% of controls versus 8.4% of cases).

Pathway-based differential gene expression

All seven pathways that were identified as involved in glucose metabolism were
significantly differentially expressed in primary OSCC compared with normal epithelium from
control subjects (p-values adjusted for multiple comparisons all <1.17x10%, Table 15). The
pathways observed to be the most significantly different were those involved in PPAR
signaling and type Il diabetes. Controlling the FDR at 0.05 resulted in 75 significantly
differentially expressed probe sets out of a total of 149 for the PPAR signaling pathway. The
corresponding results for the type Il diabetes pathway were 45 significant probe sets out of a
total of 121.

Results for pathway-based analyses that additionally adjusted for diabetic status

were very similar to the primary analyses (Table 15). Analyses that excluded controls who
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received surgery for sleep apnea were almost identical to the primary analyses that included
these controls, and the ranking of the seven pathways by p-value were similar to the primary
analyses (Table 15).

All seven pathways were significantly differentially expressed in dysplasia compared
with epithelium from control subjects. However, results were weaker than those obtained for
primary OSCC versus control tissue (p-values adjusted for multiple comparisons ranged
from 5.50x10 to 9.90x10%°; Table 15). The top two pathways in these analyses were those
involved in oxidative phosphorylation and insulin signaling.

The seven pathways were also substantially differentially expressed in the
independent GEO dataset (GSE6791) consisting of 42 OSCC cases and 14 controls (data
not shown). As in our data, the most differentially expressed pathways were also the PPAR

07) )

signaling pathway (p=9.79x10) and the type Il diabetes pathway (p=9.72x10

Pathway-based differential gene expression after stratification

We observed differential expression of the seven pathways involved in dysregulated
glucose metabolism in a comparison of oral cavity SCC and oropharyngeal SCC (Table 16).
There was no differential expression after stratification by high-risk HPV status among
oropharyngeal SCC (Table 16). Results were similar in analyses that additionally adjusted
for pack-years of smoking (results not shown). There was a marginal amount of differential
expression between OSCC cases that within two years or survived beyond two years (Table

16). Results were similar for cases who died of OSCC (results not shown).
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Individual gene analyses from differentially expressed pathways

Based on p-value and fold-difference, and adjusted for age and sex, the two most
influential genes in the PPAR signaling pathway were MMP1 (probe set 204475 _at) and
SLC27A6 (probe set 219932_at). MMP1 was overexpressed (absolute fold-difference of
219.4) and SLC27A6 was underexpressed (fold-difference of -3.2) in OSCC compared to
normal tissue. We previously reported on the strongly elevated overexpression of MMP1 in
OSCC (26). The two most influential genes in the type Il diabetes pathway were SOCS3
(probe set 227697_at) and IRS1 (probe set 204686_at). Both SOCS3 and IRS1 were
overexpressed in OSCC compared with normal control tissue (fold-difference of 7.5 and 3.6
respectively.) SOCS3 was also the most influential gene in the insulin signaling pathway.

Adjusting for age and sex, the difference in mean log2 expression levels between
primary OSCC and normal epithelium from cancer-free controls was 7.76 (95% ClI, 7.26,
8.26; Table 17) for MMP1, 1.82 (95% ClI, 1.55, 2.09) for IRS1, 2.91 (95% ClI, 2.49, 3.33) for
SOCS3, and -1.50 (95% ClI, -1.74, -1.26) for SLC27A6. Results were similar in models that
were additionally adjusted for diabetic status and in analyses that additionally adjusted for
pack years of smoking and alcoholic drinks per day.

Adjustment for inflammation and immune-related genes in addition to age and sex
did not affect the results materially. The difference in mean log2 expression levels between
primary OSCC and epithelium from cancer-free controls for MMP1 was 7.67 (95% CI, 7.18-
8.17) adjusted for TNF, 7.02 (95% ClI, 6.25-7.79) adjusted for CD14, 7.67 (95% ClI, 7.14-
8.21) adjusted for CD68, and 7.90 (95% ClI, 7.34-8.46) adjusted for CD4. Results were
similar for IRS1, SOCS3 and SLC27A6 (Table 17).

There were no significant differences in expression levels of MMP1, IRS1, SOCS3 or
SLC27A6 between diabetics and non-diabetics, either among OSCC cases or among

controls.
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Verification by quantitative reverse transcription-PCR

Results obtained by qRT-PCR on 30 cases and 22 controls confirmed the substantial
differential expression of MMP1, with an adjusted difference in mean threshold cycle (Ct)
value for control epithelium versus primary OSCC of 10.43 (95% CI, 9.31-11.55, p<0.001).
gRT-PCR results for the other three genes were similarly confirmed, with an adjusted
difference in mean Ct for control epithelium versus OSCC of 2.10 (95% ClI, 1.54-2.66,
p<0.001) for IRS1, 2.36 (95% CI, 1.58-3.13, p<0.001) for SOCS3, and 4.67 (95% CI, 3.73-
5.62, p<0.001) for SLC27A6. As observed in the microarray data, MMP1, IRS1 and SOCS3
were overexpressed and SLC27A6 was underexpressed in primary OSCC compared with

normal oral epithelium.

Discussion

To the best of our knowledge, this is the first study to investigate pathways involved
in dysregulated glucose metabolism with respect to OSCC. We observed the PPAR
signaling, type Il diabetes, insulin signaling, fatty acid metabolism, oxidative
phosphorylation, glycolysis/gluconeogenesis, and pyruvate metabolism pathways to be
significantly differentially expressed in OSCC compared with normal tissue from controls.

That dysregulated glucose metabolism may play a role in development and/or
promotion of OSCC, instead of just being a consequence of malignancy, might be supported
by our observation of significant differences between dysplasia and normal oral epithelium
from controls. On the other hand, gene expression studies, including our own (15), indicate
that there is a progression of transcriptional dysregulation from normal tissue to

premalignancy to malignancy, with premalignant lesions displaying many of the same
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genetic alterations as invasive cancers (27). Whether the “Warburg effect” is also part of
such an incremental progression is unclear. Limited evidence suggests that this may be a
possibility: increased glycolytic metabolism has been observed in precancerous Barrett's
esophagus biopsy tissue compared with neighboring normal squamous esophagus and
gastric cardia (28), and alterations in glucose metabolism have been observed in tissue from
precancerous colorectal lesions in a rat model (29).

We observed differential expression of pathways related to glucose metabolism in a
comparison of oral cavity SCC and oropharyngeal SCC, with oral cavity SCC generally
displaying stronger overexpression or underexpression of genes related to glucose
metabolism in comparison with control epithelium. The implications of this, if any, are
unclear. The squamous epithelium of the oropharynx derives from endoderm, whereas the
squamous epithelium of the oral cavity derives from ectoderm, and tumors arising from
different sites might be expected to have different molecular signatures (30). However,
consistent differences in gene expression patterns between OSCC sites have not been
observed (31).

In contrast, we did not observe differential expression of pathways related to glucose
metabolism in a comparison of high-risk HPV positive oropharyngeal cancers compared with
high-risk HPV negative oropharyngeal cancers. We observed some differential expression in
a comparison of OSCC from patients who died within two years compared with subjects who
survived beyond two years; however p-values were not highly significant, especially in
comparison with p-values obtained in other stratified analyses of similar samples size that
we conducted. We had hypothesized that greater differential expression of pathways
involved in glucose metabolism might indicate greater tumor metabolic activity and
aggressiveness, which might have been evidenced by differential expression with respect to

survival.
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The top differentially expressed pathways between primary OSCC and non-
neoplastic oral epithelium were the PPAR signaling and type Il diabetes pathways.
Pathways ranked less prominently were pathways involved in glycolysis/gluconeogenesis
and pyruvate metabolism. While the latter pathways are integral for the regulation of cellular
fuel use, the PPAR signaling and type Il diabetes pathways involve more genes that affect
systemic fuel utilization.

The PPARSs are ubiquitously expressed ligand-activated transcription factors, acting
as sensors of dietary and endogenous signals, and controlling the expression of a very large
number of genes involved in energy homeostasis, glucose metabolism and lipid metabolism
(32,33). The top two differentially expressed genes in the PPAR signaling pathway were
MMPL1 (overexpressed in OSCC) and SLC27A6 (underexpressed in OSCC).

MMPL1 is the most ubiquitously expressed interstitial collagenase and plays a key
role in degradation of the extracellular matrix and basement membranes, thereby promoting
tumor expansion and metastasis (34,35). Increased anaerobic metabolism of glucose
elevates lactate levels, causing acidification that results in deterioration of the extracellular
matrix, and activating MMPs (36,37). The identification of MMP1 as an exceptionally strong
marker of OSCC motivated us to investigate the MMPs in greater depth, including the
measurement of MMP1 protein levels in saliva, for evaluation as a potential non-invasive
biomarker of OSCC (26). Salivary concentrations of MMP1 in OSCC patients were 6.2 times
(95% CI: 3.32-11.73) higher than controls, and displayed an increasing trend with higher
stage disease.

The SLC27A6 gene encodes long-chain fatty acid transport protein 6, part of the fatty
acid transport protein family (FATP), which facilitates cellular uptake of fatty acids. Some
long-chain fatty acids have hormone-like functions, regulating key metabolic functions such

as hepatic glucose production (38). Little is known about the SLC27A6 gene, and whether
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the observation of underexpression of SLC27A6 in OSCC compared with control tissue is
expected or is in line with anticipated biological function in relation to glucose metabolism is
unclear.

The top two differentially expressed genes in the type Il diabetes pathway were IRS1
and SOCS3 (both overexpressed in OSCC). IRS1 encodes the insulin receptor substrate 1
protein, which is a major substrate of insulin, insulin-like growth factors, and cytokine
signaling, and which mediates major metabolic, proliferative, and antiapoptotic functions of
the insulin receptor and the insulin-like growth factor receptor (39,40). Constitutive activation
of IRS-1 has been observed in several types of tumors, including breast cancer and
leiomyoma (41). SOCS3 is part of the suppressor of cytokine signaling family. Epigenetic
silencing of SOCS3 has been observed in OSCC (42), suggested that underexpression of
this gene in OSCC might have been expected; however, elevated expression of SOCS3 has
been observed in other cancers, such as breast cancer (43).

The tumor microenvironment is rich in mediators and effectors of inflammation (21).
In addition, immune cells are highly metabolically active (44,45) and comprise a larger
proportion of tumor tissue than normal tissue. Activated immune cells require large amounts
of glucose as their primary fuel, and cytokines such as TNF-a and IL-6 directly affect insulin
sensitivity and glucose metabolism in neighboring cells (22,23). Increased presence of
activated immune cells and increased expression of pro-inflammatory cytokines would
therefore be likely to affect the expression of genes involved in glucose metabolism in a
heterogeneous tissue sample. However, our results suggest that differential expression of
the four genes associated with abnormal glucose metabolism may not be wholly due to
these processes, based on the observation that adjustment for inflammation or immune-

related gene expression did not modify the observed associations.
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The results obtained from the pathway-based analyses as well as the individual gene
analyses did not change materially after adjusting for diabetic status. This suggests that
differences associated with dysregulated glucose metabolism observed between cases and
controls are not merely reflective of differing proportions of diabetic subjects. We previously
observed an association between a history of diabetes and head and neck cancer among
non-smokers (10), and thus might have expected greater numbers of diabetics among
OSCC cases. On the contrary, we observed a higher proportion of controls with a diabetes
diagnosis than cases. This is likely because of the large proportion of controls who were
recruited because they were having oral surgery for sleep apnea, which is associated with
an elevated risk of type Il diabetes (19,20).

The present study has several limitations. Although we had data on diabetic status
for the majority of subjects, the lack of data on glucose tolerance status is a limitation, as
various types of glucose intolerance, besides diabetes, are relatively common in the US
population (46). A major limitation of the present study was the cross-sectional nature of the
study design. We were able to report that genes and pathways involved in glucose
metabolism were differentially expressed between OSCC/dysplasia and normal oral
epithelium; however, the data did not provide direct insight into whether this is a cause or
consequence of malignancy, or whether the differential expression indicates greater tumor
metabolic activity.

In addition, it is unclear whether dysregulated glucose metabolism that is observed in
gene expression data from tissue has any meaningful relationship with systemic processes.
If systemic abnormalities of glucose metabolism involve alterations in genes associated with
glucose metabolism, this would not necessarily imply that these alterations would be

expressed in the oral mucosa. Furthermore, if differences are found in pathways/genes
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involved in glucose metabolism in a comparison of tumor and non-neoplastic tissue, this
does not necessarily indicate that a systemic abnormality exists.

To the best of our knowledge, the present study is the first attempt at an analysis of
pathways related to abnormal glucose metabolism with respect to development of OSCC.
Biological processes occur by concerted expression of multiple genes, and pathway models,
which emphasize systems of functionally related components instead of the individual
components, may thus be more biologically meaningful. However, pathway-based models
are highly dependent on the validity of the genes that comprise the pathway, selected
pathways may be highly correlated (which was not accounted for in our analyses), and
biological processes usually involve several pathways, with complex interconnections in the
network never fully accounted for (47). Some of our identified pathways had multiple genes
in common; for example, the type Il diabetes pathway (comprising 121 genes) and the
insulin signaling pathway (358 genes) shared 31 common genes. On the other hand, the
PPAR signaling pathway, comprising 149 genes, only had one gene in common with the
type Il diabetes pathway.

In addition, a highly influential gene in a pathway may drive an observation of large
differential expression. Furthermore, large differences in gene expression exist between
cancer and normal tissue for many different biological pathways, and the relative importance
of the glucose metabolism pathways are difficult to characterize or quantify when analyses
are confined only to pathways of interest, as was done in the present study. Gene set
enrichment analyses (GSEA) may be able to overcome this disadvantage as these analyses
test the hypothesis that genes in a pathway are at most as differentially expressed as genes
not in the pathway across the entire microarray (48). However, these types of pathway-

based analyses have limitations, including lack of power and assumptions that all genes of a
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significantly differentially expressed pathway are differentially expressed in the same

direction (18,47).

Conclusion

We observed that pathways and genes that are indicative of abnormal glucose
metabolism were differentially expressed in OSCC as well as dysplasia, compared with non-
neoplastic oral epithelium. The present study was motivated by our prior finding of an
association between self-reported history of diabetes and head and neck cancer among
subgroups of the population (10). Abnormal glucose metabolism may be a key event in
malignant transformation in OSCC; however we were unable to determine whether a
temporal relationship exists due to the cross-sectional nature of the study. Prospective
studies that incorporate biomarkers indicative of diabetes, or other glucose metabolism

abnormalities, may help to provide insight into the temporal relationship.
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Table 14. Selected Characteristics of OSCC Patients and Controls, University
of Washington Affiliated Hospitals, 2003-2007

Characteristic OSCC case Control
(n=167) (n=45)
n % n %
Age
19-39 7 (4.2) 17 (37.8)
40-49 26 (15.6) 14 (31.2)
50-59 57 (34.1) 5 (11.2)
60-88 77 (46.1) 9 (20.0)
Sex
Male 120 (71.9) 32 (71.1)
Female 47 (28.1) 13 (28.9)
Race
White 146 (87.4) 30 (66.7)
Non-white 15 (9.0) 14 (31.1)
Unknown 6 (3.6) 1 (2.2)
Smoking status®
Current 81 (48.5) 12 (26.7)
Former 50 (29.9) 15 (33.3)
Never 36 (21.6) 17 (37.8)
Unknown 1 (2.2)
Alcoholic drinking status?®
Current 109 (65.3) 33 (73.3)
Former 39 (23.4) 9 (20.0)
Never 16 (9.6) 2 (4.4)
Unknown 3 (1.8) 1 (2.2)
Diabetic status
Yes 14 (8.4) 9 (20.0)
No 150 (89.8) 29 (64.4)
Unknown 3 (1.8) 7 (15.6)
AJCC Stage
I/ 55 (32.9)
v 112 (67.1)
Tumor Site
Oral 115 (68.9)
Oropharynx 52 (31.1)
High risk HPV Status, by Tumor Site”
Oral
HPV+ 19 (16.5)
HPV- 96 (83.5)
Oropharynx
HPV+ 37 (71.2)
HPV- 15 (28.9)

& As of the date of diagnosis (OSCC cases) or recruitment (controls)
b Percentages estimated within site
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Table 15. Pathway analyses of differential expression for pathways involved in glucose metabolism, stratified by comparison group,
and ranked by p-value, University of Washington Affiliated Hospitals, 2003-2007.

Pathway 167 Cases vs 45 164 Cases vs 38 167 Cases vs 22 17 Dysplasia vs
Controls?® Controls” Controls®© 45 Controls?®
p-value® rank p-value® rank p-value® rank p-value® rank
PPAR signaling pathway 1.56x10™° 1 3.19x10™* 1 1.43x10" 1 3.75x10™° 3
Type Il diabetes mellitus 8.33x10™* 2 2.71x10™% 2 271x10°" 3 3.41x10™% 6
Fatty acid metabolism 1.05x10* 3 5.80x10* 5  3.65x10° 5 3.75x10™° 4
Insulin signaling pathway 4.24x10% 4 7.51x10* 4  541x10°%" 4 5.52x10" 2
Oxidative phosphorylation 4.24x10% 5 3.23x10* 3 1.90x10% 2 9.90x10% 1
Glycolysis/Gluconeogenesis 6.21x10™% 6 5.67x10°% 6  9.42x10%° 6 5.50x10™%° 7
Pyruvate metabolism 1.17x10°% 7 6.85x10°%* 7 1.09x10%° 7 2.64x10%° 5

& Adjusted for age and sex.

b Adjusted for age and sex and diabetic status (excludes 10 subjects with missing data for diabetic status).
¢ Excludes controls diagnosed with sleep apnea.

d Adjusted for multiple comparisons using Benjamini and Hochberg FDR method.
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Table 16. Differential expression among cases for pathways involved in glucose metabolism,
stratified by case comparison group, and ranked by p-value, University of Washington
Affiliated Hospitals, 2003-2007

Pathway 37 HPV+ vs 115 oral cavity vs 50 cases dead
15 HPV- 52 oropharynx within 2 yrs vs 117

(oropharynx) alive after 2 yrs

p-value® rank p-value® rank  p-value® rank
PPAR signaling pathway 0.0589 - 2.91x10™ 1 0.0009 7
Type Il diabetes mellitus 0.0589 - 3.98x10™ 2 0.0007 6
Fatty acid metabolism 0.0589 - 9.92x10™ 6 0.0003 3
Insulin signaling pathway 0.0589 - 2.50x10™° 3 0.0002 1
Oxidative phosphorylation 0.0589 - 1.92x10™* 4 0.0006 5
Glycolysis/Gluconeogenesis 0.0589 - 4.22x10™"° 7 0.0002 2
Pyruvate metabolism 0.0848 - 1.82x10"° 5 0.0003 4

a Adjusted for age and sex, and adjusted for multiple comparisons using Benjamini and Hochberg FDR method.
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Table 17. Gene expression differences between primary OSCC (n=167) and non-neoplastic
control epithelium (n=45), University of Washington Affiliated Hospitals, 2003-2007

- - 5 -
Genes, variables used for adjustment Difference in - 95% Confidence

log2 means Interval
MMP1
Age and sex 7.76 7.26, 8.26
Age, sex, packyears of smoking, drinks per day 7.88 7.30, 8.47
Age, sex and diabetes 7.69 7.13, 8.26
Age, sex, TNF gene 7.67 7.18, 8.17
Age, sex, CD14 gene 7.02 6.25, 7.79
Age, sex, CD68 gene 7.67 7.14,8.21
Age, sex, CD4 gene 7.90 7.34, 8.46
IRS1
Age and sex 1.82 1.55, 2.09
Age, sex, packyears of smoking, drinks per day 1.90 1.58, 2.21
Age, sex and diabetes 1.78 1.49, 2.08
Age, sex, TNF gene 1.85 1.59, 2.11
Age, sex, CD14 gene 1.78 1.46,2.11
Age, sex, CD68 gene 1.83 1.56, 2.10
Age, sex, CD4 gene 1.96 1.70, 2.23
SOCS3
Age and sex 291 2.49, 3.33
Age, sex, packyears of smoking, drinks per day 291 2.45, 3.37
Age, sex and diabetes 2.92 2.46, 3.38
Age, sex, TNF gene 2.83 2.42,3.23
Age, sex, CD14 gene 2.40 1.93, 2.86
Age, sex, CD68 gene 2.89 2.46, 3.31
Age, sex, CD4 gene 2.89 2.46, 3.31
SLC27A6
Age and sex -1.50 -1.74, -1.26
Age, sex, packyears of smoking, drinks per day -1.52 -1.78, -1.27
Age, sex and diabetes -1.46 -1.74,-1.18

Age, sex, TNF gene -1.50 -1.74, -1.26



95

Table 17 continued

Age, sex, CD14 gene -1.33 -1.64, -1.02
Age, sex, CD68 gene -1.44 -1.69, -1.20
Age, sex, CD4 gene -1.51 -1.76, -1.27
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