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Abstract

Purpose—Previous studies examining the association of body mass index (BMI) with risk of and
survival from head and neck squamous cell carcinoma (HNSCC) have been inconsistent, although
an inverse association has been noted for obesity and risk of HNSCC in several studies. Previous
studies have not examined whether these associations differ by human papillomavirus (HPV)
status.

Methods—We utilized the resources of a population-based case-control study of HNSCC from
the greater Boston area (959 cases and 1208 controls were eligible for this analysis).
Anthropometric history was collected through personal interviews and HPV status was assessed
using serology. We analyzed the association between BMI (assessed 5 years prior to disease
incidence) and disease risk and survival using logistic regression and Cox proportional hazards
regression, respectively.
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Results—After adjusting for known risk factors, the association between obesity and overall risk
of HNSCC was not significant (OR=0.79, 95% CI: 0.60-1.04). However, obesity (BMI=30 kg/m2)
was inversely associated with HNSCC risk among HPV seronegative cases (OR=0.48, 95% ClI:
0.32-0.70), but not among HPV seropositive cases (OR=0.91, 95% CI: 0.68-1.21). BMI was not
associated with survival overall or by HPV status. However, being overweight (BMI:25-29.9
kg/m?2) was associated with longer survival among HPV seropositive smokers (HR=0.48, 95%ClI:
0.31-0.74).

Conclusions—Our findings are consistent with previous observations that obesity is inversely
associated with the risk of HNSCC; however this association appears to be confined to HPV
seronegative cases. Overall obesity was not associated with HNSCC survival overall or by HPV
status.

Impact—Obesity is associated with risk of non-HPV HNSCC, but not HPV HNSCC.
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INTRODUCTION

In 2014, approximately 55,070 new cases of head and neck cancer, the majority of which are
of a squamous histology (HNSCC), will be diagnosed in the United States and an estimated
12,000 individuals will die of these cancers [1]. Alcohol and tobacco use are the major risk
factors for HNSCC. HPV is also strongly associated with some HNSCC, especially
oropharynx cancers [2, 3].

HPV-negative HNSCC is more strongly associated with alcohol and tobacco consumption
than HPV-positive HNSCC [4, 5]. Recent data indicate that patients with HPV-positive
HNSCC have a better prognosis than those with HPV-negative tumors [6-8]. Thus, these
two etiologically distinct types of HNSCC may each have a distinct pathogenesis.

Obesity has been associated with the occurrence of several types of cancer [9] and has also
been associated with decreased survival from some cancers, including lung [10], breast [11],
and pancreas [12]. The association between body mass index (BMI) and HNSCC risk is
controversial; some case-control studies observed elevated risks of HNSCC among subjects
who were underweight (BMI <18.5 kg/m?), relative to normal weight (BMI 18.5-24.9
kg/m?), and lower risks in overweight (BMI 25-29.9 kg/m?) and obese categories (BMI > 30
kg/m?2) [13-17], while cohort studies reported no associations [18,19]. Three studies
examined the association between prediagnostic BMI and HNSCC mortality: higher BMI
was associated with lower risk of HNSCC mortality in two studies [16,20], while no
association was observed in the third study [21].

No study has considered the potential role of HPV16 in the BMI-HNSCC relationship using
HPV measurements. Therefore, we examined the association between BMI and HNSCC
risk, as well as 5-year overall survival, stratified by high-risk HPV serology status in a large
population-based case-control study.
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MATERIALS AND METHODS
Study Subjects

The study population has been described in detail elsewhere [22-24]. Incident cases of
HNSCC were identified from Departments of Oncology, Otolaryngology or Radiation
Oncology at nine Boston-area medical facilities. Study phase | was conducted between
December 1999 and December 2003 and phase Il was conducted between October 2006 and
June 2011. HNSCC cases were residents in the study area, all 18 years of age or older, with
diagnosis codes 141, 143-146, 148, 149, and 161 according to International Classification of
Disease, Ninth Revision (ICD-9). Recurrent cases and incident cases diagnosed more than
six months before the time of patient contact were excluded. According to the Massachusetts
Cancer Registry data, over 95% of the reported cases in the study area were identified and
approached for study. The final data included 959 HNSCC: 153 laryngeal, 353 oral cavity
and 440 pharyngeal. Controls (n=1208) with no prior history of HNSCC were selected from
Massachusetts town books and frequency-matched to cases on age (+/- 3-years), sex, and
town or neighborhood of residence. All-cause patient survival data were obtained from the
social security death index and a search of public databases through September 1 of 2013.
Study protocol and materials were approved by the Institutional Review Boards of the
participating institutions and written informed consent was obtained from all cases and
controls enrolled in the study.

Data Collection

Subjects completed a self-administered questionnaire that was subsequently reviewed in-
person by research personnel. The questionnaire requested detailed information on
sociodemographic characteristics and risk factors for HNSCC, including smoking and
alcohol habits, medical history, and diet. Subjects were asked to report their height and
weight 5 years prior to the interview date (or diagnosis, if a case) in order to minimize the
likelihood that the preclinical disease process impacted these measures.

Laboratory Methods

Serologic high-risk HPV (HPV16, 18, 31, 33, 45, 52 and 58) testing for L1, E6 and E7 viral
protein antibodies was conducted on cases and controls as a measure of exposure to HPV
antibodies as previously described [23,25]. Serum from venous blood was separated within
24 hours of blood drawing and frozen at —80°C. Glutathione S-transferase capture multiplex
serology assay was used for detection of HPV antibodies as previously described [26].

Statistical Analysis

Normality of continuous covariates was evaluated using the skewness-kurtosis test. In
investigating the differences between case and controls, we used the two-sample T test for
normally distributed continuous variables, two-sample spearman test for non-normally
distributed continuous variables, and chi-square test for categorical variables.

Multivariable logistic regression was used to examine odds ratios (OR) and their confidence
intervals (CI) of the association between BMI and HNSCC risk. The BMI of study
participants at five years before diagnosis or interview was calculated as weight in kilograms
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divided by squared height in meters (kg/m?2), and classified into: underweight (<18.5 kg/m?2),
normal weight (18.5-24.9 kg/m?), overweight (25-29.9 kg/m?), and obese (=30 kg/m?)
according to World Health Organization (WHO)/National Heart, Lung, and Blood Institute
criteria. Underweight participants were excluded (n=20) as these subjects may have
recorded their weight inaccurately. Normal weight participants were used as the reference
group for the regression models. We defined HPV seropositive as being serologically
positive L1, E6, and/or E7 for any of the high-risk HPV (HPV16, 18, 31, 33, 45, 52, 58).
The model with all participants was adjusted for sex, age (continuous), race (Caucasian and
non-Caucasian), education (high school or less or beyond high-school), alcohol consumption
(average number of drinks per week), smoking status (never, ever), tobacco dose/duration
(pack-years), and HPV serostatus. For the purpose of quantifying alcohol consumption, an
alcoholic drink was defined as a 12 oz beer, 5 0z glass of wine, or 1.5 oz of liquor. Models
were additionally stratified by HPV status (HPV seropositive/HPV seronegative). Subjects
with missing HPV serology were excluded from the stratified analysis (138 cases and 170
controls). The excluded subjects were not different from the included ones with regard to
BMI, tobacco and alcohol (p=0.25 for BMI, p=0.33 for tobacco, p=0.57 for alcohol).
Interactions between high-risk HPV serostatus and BMI were tested by including a
multiplicative term in the model and performing a likelihood ratio test. We further examined
the association between BMI and HNSCC risk for non-smokers and smokers, according to
HPV serostatus.

Survival analyses were conducted for all HNSCC cases, and separately by HPV serostatus,
using the Kaplan-Meier method, where deaths from any cause were events and subjects lost
to follow-up or who were alive on September, 15t, 2013, were right-censored. Survival time
was measured in days from the date of diagnosis to censoring or death. Differences between
BMI categories were assessed by the log-rank test. Cox proportional hazard models were
used to calculate hazard ratios (HR) and 95% confidence intervals (Cl) to evaluate the
relation between the BMI categories and 5-year survival, controlling for sex, age at
diagnosis (continuous), race (Caucasian and non-Caucasian), education (high school or less,
college and professional schooling), alcohol (average intake per week, quartiles), smoking
status (ever/never), tobacco dose and duration (pack-years, quartiles), tumor site (laryngeal,
oral cavity and pharyngeal), stage (I, 11, Il and 1V) and HPV serostatus. The Cox
proportional hazards assumption was assessed by testing for an interaction by time in the
model. The assumption was violated for stage in the models with all study patients and with
HPV seronegative patients, and for sex and race in the model restricted to HPV seropositive
patients. Thus, we stratified those variables in the Cox proportional hazard models.
Interactions between HPV serostatus and BMI were tested by including a multiplicative
term in the model. We further examined the association between BMI and HNSCC survival
for never-smokers and ever-smokers, according to HPV serostatus. A subject was an ever-
smoker if they reported having ever smoked 100 cigarettes or more (five packs) in their
lifetime; if they had not, they were considered to be never smokers.

Statistical significance was based on 2-tailed tests and p-values <0.05. All statistical
analyses were performed using SAS 9.3 (SAS Institute, Cary, NC) and R (http://www.r-
project.org/).
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RESULTS

Nine hundred and fifty nine cases and 1208 controls were available for this analysis. The
majority of cases (73%) were male and study subjects were predominately Caucasian (91%;
Table 1). Controls were slightly older than cases (60.7 vs. 60.2 years). There were 525 high-
risk HPV seropositive cases, while only 127 controls were HPV seropositive. The few
individuals with missing data with respect to sex, race, age, education, BMI, alcohol and
tobacco consumption did not differ by serology status (data not shown). Significant
differences in the distribution of education and BMI were observed between cases and
controls, overall and among HPV seronegative participants, but not among the HPV
seropositive participants. HPV seropositive cases were more likely to have pharyngeal
tumors (50.8%), while laryngeal (28.3%), and oral cavity tumors (48.6%) were more
common among HPV seronegative cases.

HNSCC risk decreased with increasing BMI (Table 2), but associations were not statistically
significant after adjusting for HPV serostatus, sex, race, education, age, smoking and alcohol
intake (Table 2). BMI was not associated with HNSCC risk when restricting analysis to
HPV seropositive cases (OR=1.15, 95% CI: 0.88-1.49, for overweight participants;
OR=0.91, 95% CI: 0.68-1.21, for obese participants; Table 2). For the HPV seronegative
cases, obesity was inversely associated with HNSCC risk (OR=0.48, 95% CI: 0.32-0.70)
after adjusting for sex, race, education, age, smoking, and alcohol intake. Overweight
participants had a non-significant 22% reduction in HNSCC risk as compared to normal
weight participants (OR=0.78, 95% CI: 0.57-1.08; Table 2). Alternate definitions of
smoking and alcohol intake did not alter the results for BMI among HPV seronegative
participants (data not shown). Significant interactions were observed for HPV status and
being overweight and obese (p = 0.008 and p = 0.01, respectively).

Associations between smoking and risk of HNSCC were stronger among HPV seronegative
cases than HPVseropositive cases, but were similar for alcohol intake (Table 2). The
association between BMI and HNSCC was also modified by smoking status; an inverse
association was observed between obesity and risk of HNSCC among ever-smokers, relative
to normal weight participants (OR = 0.71, 95% CI 0.50-0.99), while no association was
found with obesityamong never-smokers (OR = 1.02, 95% CI =0.62-1.68; data not shown in
table). We further stratified the data by both smoking status and HPV status (Table4).
Similar inverse associations were observed between obesity and HNSCC risk among HPV
seronegative smokers (OR=0.48, 95% CI: 0.31-0.74) and HPV seronegative never-smokers
(OR=0.52 95%ClI: 0.22-1.22), although only the former was statistically significant.

Obesity was not related to survival in the Kaplan-Meier analysis (p = 0.70; Figure 1A).
Similiarly, the HRs did not vary across BMI categories (HR=0.87, 95% CI: 0.66-1.15 for
overweight patients, and HR=1.01, 95% ClI: 0.73-1.40 for obese patients) after adjusting for
HPV status, age, tobacco, alcohol, education, race, sex, tumor site, and tumor stage (Table
3). Survival rates were not statistically associated with BMI when stratified by HPV
serology (Figures 1 B and C); however, obesity was associated with a non-significant
increase in risk of dying among those patients who were seronegative (HR = 1.43, 95% ClI:
0.85, 2.42; Table 3). Smoking did not modify HNSCC survival (ever-smokers: HR = 0.97,
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95% CI 0.68-1.39, for BMI=30 compared with BMI<25; never smokers: HR = 1.24, 95% ClI
0.57-2.70, for BMI=30 compared with BMI<25, adjusting for age, race, education, HPV,
alcohol, stage and site; data not shown in table). We further stratified the data according to
smoking status and HPV status; among HPV seropositive smokers, overweight patients had
improved survival (HR=0.58, 95%CIl: 0.37-0.89), whereas no significant associations were
observed in the other groups but suggestive positive associations were noted (Table 4).

DISCUSSION

The present study is the first to report the association between BMI and HNSCC risk, as
well as survival, by measured HPV status. Our finding of effect modification by HPV status
on the association between BMI and risk of HNSCC is consistent with the hypothesis that
HPV seropositive and HPV seronegative HNSCC are pathologically distinct tumors and
have different risk factors [27].

Our observation of an inverse association between BMI and HNSCC risk was consistent
with a recent prospective analysis [18]. Moreover, the statistically significant inverse
association with BMI among ever smokers was consistent with results from the International
Head and Neck Cancer Epidemiology (INHANCE) consortium analysis of 17 case-control
studies [14]. In the pooled analysis of 12,716 cases and 17,438 controls, obesity at 2-5 years
before reference was not associated with overall risk of HNSCC (OR = 1.09, 95% CI 0.70-
1.71), but a strong inverse association was reported for obese individuals who were ever
smokers (OR = 0.42, 95% CI 0.29-0.60) [14].

One of the major strengths of the current study is the inclusion of information on high-risk
HPV status from serology. In this study, BMI was associated with a significantly lower risk
of HNSCC among HPV seronegative subjects butBMI did not impact risk among those who
were HPV seropositive. An inverse association between BMI and HNSCC has been
consistently observed in case-control studies [15-17], as summarized in a recent pooled
analysis [14]. The association of BMI and HNSCC in this sizable, collaborative study did
not differ appreciably by tumor site [14].

To date only one study, the Caroline Head and Neck Cancer Epidemiology study, has
examined the relation between BMI and HNSCC by presumed HPV status; in this study,
sub-sites were used as a proxy for HPV status [28]. We and others have shown that HPV
infection is not restricted to oropharyngeal cancer, although the risks are higher at those
subsites [25]; thus, using site as a proxy for HPV infection may not accurately reflect true
HPV status. In the Carolina Head and Neck Cancer Epidemiology Study, no associations
were observed for BMI and risk of HNSCC among non-HPV associated sites among whites,
but a positive association was noted for BMI in the HPV-related sites among whites (OR =
1.66, 95% CI = 1.10-2.51, BMI =30 vs BMI 18.5-24.9) [28]. In the same study, inverse
associations were observed in HPV and non-HPV associated sites among African-
Americans [28].

The inverse association between BMI and HNSCC risk found in the present study is similar
to what has been reported in another tobacco-associated cancer that is not thought to be
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caused by HPV, namely lung cancer; a meta-analysis estimated that each unit increase in
BMI is associated with a 3% decreased risk of lung cancer in men and a 4% decreased risk
in women [9]. Two large studies with more than 400,000 participants reported that there was
a significant inverse association between being overweight and lung cancer mortality (HR=
0.86, 95%CI: 0.77-0.96 and HR=0.78, 95%CI: 0.75-0.82 respectively) [21, 29]. The inverse
association between BMI and HPV seronegative HNSCC risk may thus be due to an
interaction with tobacco smoking and BMI, similar to that seen in lung cancer. The
biological mechanisms for this interaction are not known.

BMI was not associated with overall survival, and HPV status did not modify the association
between BMI and survival, although there was a suggestive increase in risk of dying among
obese HPV-negative patients. We had limited power to stratify the analysis by both smoking
and HPV serology, but did note differences and encourage other studies to examine how
these factors impact survival.

The strengths of this study include the large number of patients and the information on HPV
status. One weakness was the measure of obesity. BMI was self-reported, potentially
allowing underreporting or over-reporting to occur. Even though previous studies have
investigated the validity of self-reported past body weights and have found a high level of
accuracy compared with measured weight [30], our study is still subject to the
misclassification of BMI among cases who lost weight after diagnosis (as these patients may
not recall their earlier weights accurately). Furthermore, we only collected weight
information at a single time point (cases were asked to recall their weight 5-years prior to
diagnosis) and we do not have BMI at earlier periods of life; if BMI fluctuated over time,
this may have influenced the association between current BMI and HNSCC risk. If there is a
true inverse association between BMI and HNSCC, misclassification of BMI due to weight
gain secondary to quitting smoking could bias the result. Body fat distribution, such as waist
circumference or waist to hip ratio, were not measured in this study, such that we could not
evaluate the independent associations between distribution of body fat and cancers.

In conclusion, we observed that the association between BMI and HNSCC risk differs by
high-risk HPV status; obesity is inversely associated with the risk of HNSCC among HPV
seronegative subjects, but not among HPV seropositive subjects. While a higher BMI
appeared to reduce survival among HPV seronegative patients, the association was not
statistically significant.
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Figure 1.

Kaplan-Meier curves and corresponding log-rank tests for 5-year survival rate, overall and
by high-risk HPV serology.
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