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INTRODUCTION

The estimated body mass index (BMI) in the United States has increased drastically over the
past several decades with estimates from 2008 suggesting that greater than 60% of adult
females and 70% of adult males are overweight (BMI>25 kg/m?)1. In the United States,
BMI > 25 kg/m? is considered overweight, BMI > 30 kg/m? is considered obese2. Higher
BMI has been associated with worse overall survival and disease-adjusted life years due to
comorbidities such as cardiovascular disease and diabetes. There is an increased risk of a
number of cancers in patients having a high BMI including esophageal, breast, colon,
gallbladder, uterine and pancreatic cancer. Elevated BMI has also been associated with
worsened survival in breast, pancreatic and colon cancers®#. However, pretreatment BMI >
25 kg/m? has been shown to be a positive prognostic factor for disease-specific and overall
survival in patients with head and neck cancer®10 and specifically those treated with
chemoradiation®9:10, Different hypotheses have been proposed for the mechanism of this
association with most positing that patients with higher body mass index have a greater
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reserve to withstand the demands of radiation therapy and its associated short- and long-term
side effects!0. Other hypotheses include concomitant illness causing weight loss or HPV
status (and its known better prognosis) trending toward a higher BMILL,

Despite these studies being adjusted via multivariable analysis, most are not stratified by
disease subsite, and only one previous study has been stratified by human papilloma virus
(HPV) status, which limits the interpretability of results. One previous study has shown a
lack of association in HPV+ patients with survival; however, this study was limited by its
inclusion of oral, pharyngeal and laryngeal subsites in the analysis!2. In review of the
literature, a minority of previous studies have evaluated outcomes by disease subsite and, at
odds with other analyses of head and neck cancer, the two which have examined disease
subsite found obesity to be a negative prognostic factor for disease specific survival in
squamous cell carcinoma of the oral cavity and of no effect in the oropharynx’:13.

Given that more advanced tumors or those involving the larynx or hypopharynx impair
swallowing function, and therefore may lead to weight loss and a lower BMI at presentation,
it is important to focus on as narrow of a subgroup as possible to delineate causality from
association. Further, in an era of increasing HPV incidence (and better prognosis), patients
should be stratified into separate groups by HPV status when examining oropharyngeal
squamous cell carcinomal®. It is easy to imagine a scenario in which HPV+ oropharyngeal
squamous cell carcinoma (OPSCC) patients have a higher BMI and better prognosis than
HPV- OPSCC patients, potentially leading to a Type Il error. In a separate analysis not
reported here we found a significant difference in BMI between our HPV+ patients and HPV
- OPSCC patients (29.6 kg/m? and 23.9 kg/m?) (data unpublished). Recent studies have also
suggested improved long-term dysphagia in HPV+ patients as compared to HPV— patients
after intensity-modulated radiation therapy further suggesting that these groups are different
and should be stratified as suchl®. Therefore, our primary objective in this study is to
determine whether pretreatment body mass index > 25 kg/m? is of prognostic significance
for overall survival in patients with HPV positive OPSCC. Our secondary objective in this
study is to determine whether disease-specific mortality is associated with pretreatment body
mass index >25 kg/m?.

METHODS

This retrospective review was approved by the University of Pittsburgh Institutional Review
Board. Patients were identified through a review of our head and neck SPORE database with
inclusion criteria consisting of patients with HPV+ OPSCC treated either surgically or non-
surgically at the University of Pittsburgh Medical Center between 8/1/2006 — 8/31/2014.
Tumors were considered to be HPV-positive if immunostaining of their tumor was positive
for either HPV or p16. All patients had HPV testing by either p16 immunohistochemistry
(IHC) or HPV in situ hybridization. IHC for p16 (G175-405; BD Pharmingen, San Diego,
California) as a surrogate marker for HPB was performed as per the manufacturer’s
protocol. Cases were considered positive if >80% of tumor cells showed diffuse strong
cytoplasmic and nuclear positivity staining. HPV detection was performed by in situ
hybridization using probes targeting a wide spectrum of HPV strains (Y1404; Dako,
Carpinteria, California). Cases with punctate nuclear signal were considered positive. The

Oral Oncol. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Albergotti et al. Page 3

majority of patients had either of the HPV testing modalities as part of the initial diagnostic
evaluation. All methods of treatment for HPV+ OPSCC (surgical, chemoradiation, radiation)
were included. Patients were excluded for unknown BMI status prior to the initiation of
treatment, unknown HPV status, and for less than one year of follow-up. Medical records
were queried for pertinent clinical characteristics and outcomes. BMI data was obtained
from the medical record, as recorded within one month of the initiation of treatment.
Demographic and clinical characteristics including gender, age, race, T-stage, N-stage,
alcohol use at diagnosis, smoking history, radiation dose, and primary treatment (either
surgery or radiation/chemoradiation) were summarized and tested for association with body
mass index (BMI), using Chi-square tests or Fisher’s exact test for categorical variables, a t-
test for age, and the Wilcoxon-Mann-Whitney test for the ordinal stage variables. Patients
were stratified by BMI status (>/< 25 kg/m?).

Survival curves were generated using the Kaplan-Meier survival method. Hazard ratios for
overall survival and disease specific survival were calculated for BMI status in multivariate
Cox proportional hazards models. Other factors adjusted for in the models included gender,
age, race, T-stage (specifically T4), N-stage (specifically N2c/N3), alcohol history, and
tobacco use history. Factors were selected for inclusion in the multivariate models if they
were considered clinically significant or demonstrated univariate associations with both
survival and BMI status. Results were based on 2-tailed tests and were considered
significant when p<0.05. Analyses were performed in SAS 9.4 (SAS Institute, Cary NC) and
in R version 3.1.1.

RESULTS

Based on our initial search criteria of OPSCC with at least 1 year of follow-up 579 patients
were initially identified. 139 patients were excluded for unknown HPV status and 78 were
excluded for HPV negative status. 62 patients were excluded for unknown BMI status at the
time of diagnosis leaving 300 patients that met our inclusion criteria (Table I). The mean age
at time of diagnosis was 57 years with the predominance of these patients being male
(253/300, 84.3%). 250/296 (84.5%) of the patients were T1/T2 at presentation but most
(155/297, 52.2%) had advanced N-stage at presentation (N2b or greater). The most common
oropharyngeal subsite was the tonsil. Most patients (198/297, 66.7%) were current or former
tobacco users. In this cohort, most were treated primarily with a combination of radiation +/
- chemotherapy (182/300, 60.7%) with the remainder undergoing primary surgical therapy.
Of the surgical therapy group, 77/118 patients (65.3%) had some form of adjuvant radiation
therapy > 5000 cGy.

Of the 300 patients that met our inclusion criteria, 4 (1.3%) were underweight (BMI<=18.5
kg/m?2), 48 (16.0%) were normal weight (18.5 kg/m? < BMI < 25 kg/m?2), 122 (40.7%) were
overweight (25 kg/m? < BMI <30kg/m2) and 126 (42.0%) were obese (BMI>30 kg/m?).
The mean BMI at diagnosis was 29.6 kg/m2. When comparing patients stratified by BMI
>/< 25 kg/m?2, patients who were < 25kg/m? were treated with higher doses of radiation
(6890 cGy vs. 6672 cGy, p=0.048), were more likely to be current tobacco users (44% vs.
26%, p=0.04) and were more likely to be treated primarily with chemo/radiation (73% vs.
58%, p=0.04). There was no difference in proportion of T4 tumors (7.7% vs. 7.0%, p=0.853)
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or N2¢/N3 nodal disease (15.7% vs. 13.4%, p=0.669) between the two groups. Otherwise,
there were no differences in baseline characteristics between these two groups (Table I).
There was no difference in local, regional or distant recurrence rates between the two groups
although there was a trend toward more distant metastasis among patients with BMI < 25
kg/m?2 (13.5% vs. 6.1%, p=0.08). In a univariate analysis, overall survival was significantly
longer in the BMI >25 kg/m?2 cohort with a hazard ratio (HR) = 0.49 (95% confidence
interval (95% CI) 0.28 to 0.87), p=0.01 (Figure 1). Disease-specific survival was also
significantly longer in the BMI > 25 kg/m?2 cohort with a HR 0.43 (95% CI 0.21 to 0.89),
p=0.02 (Figure 2). The association between BMI status and overall survival remained
statistically significant in multivariate analysis (HR 0.54 (95% CI 0.30 to 0.98), p=0.04)
(Table 2) however disease-specific survival did not reach statistical significance. Radiation
dose, among subjects who received radiation therapy, was not associated with survival and
therefore was not included in the final Cox proportional hazards model (p=0.18). Primary
treatment (either surgery or chemo/radiation) was also not found to be associated with
survival and was not included in the final Cox model (p=0.53).

DISCUSSION

This study demonstrates that patient body mass index > 25 kg/m? is an independent positive
prognostic indicator for overall survival in HPV-positive oropharyngeal squamous cell
carcinoma. While others have shown this characteristic to be prognostically important in
head and neck cancer in general we believe it is necessary to stratify the various subsites of
head and neck cancer, particularly given the known better prognosis in HPV-associated
oropharyngeal squamous cell carcinoma.

While our groups at baseline had some dissimilarities in current tobacco use, primary
treatment modality and radiation dose, these factors were either unrelated to survival
(treatment modality and radiation dose) or were included within the multivariate models
(tobacco use status).

Several previous studies have examined the association of BMI with survival in HNSCC
using multivariate analysis’-%-10, In a population-based study of head and neck cancer
patients, Gaudet found improved overall survival in self-reported overweight/obese patients
(BMI>25 kg/m?) as compared with normal weight patients (22.5 — 25.0 kg/m?) in a
multivariate analysis (HR 0.76). Lower weight patients (<22.5 kg/m?) had an increased
cancer-related mortality in their analysis. When individual subsites were examined this
association was present among non-oropharyngeal primaries but not among oropharyngeal
primaries. However this analysis was limited by lack of reported HPV status. Similar
statistically significant findings on multivariate analysis were reported in a prospective study
using University of Michigan SPORE data evaluating nutritional parameters amongst head
and neck cancer patients (BMI>25 kg/m2, HR 0.7). This study was not stratified by tumor
subsite but 54% of its patients were of an oropharynx primary8. Again, these were not
stratified by HPV status however given these patients were enrolled between 2003-2008 we
would expect at least 72% HPV positivityl6. Similar results using multivariate analysis have
been found by Pai (BMI>25 kg/m2, HR 0.7), and McCrackan (BMI<25kg/m2, HR 3.63)
however these were again not stratified by subsite nor did Pai’s multivariate analysis include
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tobacco status®10. BMI >25kg/m2 has also been found to be associated with better disease-
free survival on multivariate analysis®-1%. However, in the only other work to look at a
specific HNSCC subsite (oral cavity), lyengar found a shorter disease-specific survival in
obese patients (>30 kg/m?) with HNSCC and this was confirmed on multivariate analysis?3.
On subgroup analysis there was no such association among those who were merely
overweight nor was overall survival associated with BMI status in either univariate or
multivariate analysis.

In the present study of patients with HPV-positive OPSCC we find BMI > 25 kg/m? to be
positively and significantly associated with overall survival in both a univariate and
multivariate analysis. BMI status is also associated with disease specific survival but not on
multivariate analysis. This is an important addition to the literature given that well-known
association of HPV status with improved overall and disease-specific survivall4.

The reason for the association between improved survival and overweight/obese BMI status
is unclear. In our analysis, there is no association with age or advanced stage implying a
different explanation. The most likely explanation is that patients with greater BMI are able
to withstand the inevitable weight loss and loss of functional pharyngeal musculature
following either surgical treatment or radiotherapy. Several groups have posited that
overweight and obese patients may have more reserve to allow them to better tolerate
treatment1%.17. Given that the mean weight loss during definitive intensity modulated
radiation therapy to the oropharynx exceeds 20 pounds this is a plausible hypothesis18.
Recently, Grossberg found that in patients undergoing definitive chemo/radiotherapy for
head and neck cancer that pretreatment skeletal muscle depletion was predictive of overall
survival but depletion during treatment was not!®. However, this association was not found
among oropharyngeal primaries when stratified by subsite. In addition, weight loss prior to
treatment with definitive fractionated radiation for head and neck cancer has been associated
with worse overall and recurrence free survival?%. A secondary analysis of the ARTSCAN
study (conventional versus accelerated fractionation for HNSCC) found that pretreatment
BMI >25 kg/m? is predictive of overall survival, however this analysis was not stratified by
HPV status or disease subsite?l, While weight loss prior to treatment in head and neck
cancer patients is common it is less clear that this is true in HPV+ OPSCC and in our
experience most patients with HPV+ OPSCC do not present with significant dysphagia or
weight loss?2. Given the retrospective nature of this research, accurate measure of pre-
treatment weight loss is unachievable.

It may also be that rather than providing a buffer against the expected weight loss during
treatment that neck fat specifically is actually protective against local radiation toxicity.
Patients with high BMI (>25 kg/m?) before definitive chemoradiation for esophageal
carcinoma have been shown to have fewer treatment related toxicities, and patients with
higher BMI with HNSCC have lower long-term gastric tube rates after definitive
chemoradiation for HNSCC10:23, However, BMI > 25 kg/m? has also been associated in a
randomized study with an increased risk of short-term grade 3 or grade 4 toxicity during
radiation treatment and those with higher pretreatment weights have been shown to have
more treatment-related weight loss2425, Therefore, it is therefore unclear what effect, if any,
body mass index has on local toxicity. A limitation of these studies is the lack of knowledge
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about the deposition of fat — whether it is peripherally deposited (i.e. greater neck
circumference) which might be predictive of local toxicities or more visceral adiposity,
which would not be expected to have such an effect.

To determine whether there indeed is an association with radiation, our cohort should be
divided into those who received radiation versus those who did not. Unfortunately, the vast
majority of our cohort (262/300, 87.3%) received at least 5000 cGy of radiotherapy and so
we are unable to determine whether this association stands in patients who undergo only
surgical therapy. Given lyengar’s findings of no association between outcomes and BMI in
the oral cavity, which we would expect to have been primarily treated with surgery, it is
possible that that patients with higher BMI are better equipped to withstand the nearly
inevitable dysphagia, dysgeusia and xerostomia associated with radiation therapy3. Further
work is needed to evaluate this effect in surgery-only treated patients.

Others have suggested that BMI may be associated with unmeasured tobacco/alcohol status.
While most studies examining BMI, including ours, have adjusted for tobacco status and
alcohol use on multivariate analysis, it is certainly possible that unmeasured differences in
consumption are related to survival outcomes. We did find a significant difference in current
tobacco use between our two cohorts however this was controlled for in our multivariate
analysis. There was no association between alcohol use and survival.

It may be that patients with a higher BMI have additional co-morbidities, such as
hypertension or obstructive sleep apnea, and have established access to healthcare. However,
it would be expected that patients with a higher BMI would present with an earlier stage of
disease secondary to more frequent physician visits for comorbid diseases, which was not
found in our study. This may be because of the natural tendency for HPV-positive
oropharyngeal cancer to present with bulky neck disease.

There are other possibilities to explain the positive effect of BMI on survival including
effects on the tumor microenvironment. Contrary to our findings, most evidence in the
literature of other cancer sites suggests that adipose tissue promotes tumor growth through a
variety of local and systemic effects including increased estrogen, insulin and IGF-1, TNF-a,
and promotion of tumor-related pathways including the PI3K/Akt/mTOR and Ras/Raf/
MAPK pathways which are known to be associated with HPV-positive oropharyngeal
cancer6:27 Within the tumor microenvironment of breast cancers an obesity-inflammation-
estrogen pathway has been proposed to explain tumor progression28. A similar pathway
could explain the effect of estrogen on HPV-associated recurrent respiratory papillomatosis
which has been shown to grow in response to estrogen metabolites?®. Metabolic syndrome
has been associated with an increased risk of persistent cervical HPV infection and an
increased risk of HPV incident infection in a study conducted during cervical cancer
screening. In addition, there is evidence that overweight patients with cervical cancer may
have improved survival after chemoradiation2®. These mechanisms would suggest that local
fat may promote tumor growth rather than provide a survival advantage. Nevertheless, it is
plausible that given the interplay between obesity and immune response that local therapy
allows for increased immune response against the tumor or other local inflammatory/
immune effects which could alter the tumor microenvironment. Evidence of this hypothesis
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is limited in the literature and further efforts should be made to characterize any such
association.

While this manuscript may not alter patient management at this point, patients with lower
BMI should be informed that they may be at risk for poorer survival and attention should be
paid to their nutritional status throughout treatment. In addition, we view this study as idea-
generating and would hope that the etiology of the associations with survival will be
clarified in future works.

There are weaknesses in this analysis including its retrospective nature and our inability to
control for some factors which are likely important including quantitative alcohol use and
continued tobacco use during radiation therapy. Given our relatively small numbers we were
also unable to further stratify into underweight/normal weight/overweight/obese. In addition,
body mass index is not a perfect measure of body fat stores. Further, low body mass index
may be a marker for other disease states not measured here or may be due to a frailty
phenotype. These contributing factors should be investigated in further works and we would
encourage use of multi-institutional pooling of data and/or use of data repositories such as
the National Cancer Database when both HPV status and BMI data are available.

CONCLUSION

Body mass index >25 kg/m? is independently associated with improved overall survival in
HPV-positive squamous cell carcinoma of the oropharynx and is associated with disease-
specific survival. Further work is needed to clarify the underlying etiology of this
association.
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RESEARCH HIGHLIGHTS

- 82% of HPV+ OPSCC patients have a body mass index greater than 25
kg/m?

- Body mass index greater than 25 kg/m? is associated with improved overall
survival when controlling for other patient characteristics

- Body mass index greater than 25 kg/m? is associated with improved disease
specific survival on univariate, but not multivariate, analysis
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Figure 1.
Kaplan Meier Curve of Overall Survival

HR for overall survival (95% CI) of univariate analysis for subjects with BMI =25 and

compared with subjects with BMI < 25: 0.49 (0.28 to 0.87), p=0.01.
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Figure 2.
Kaplan Meier Curve of Disease Specific Survival

HR for disease specific survival (95% CI) for subjects with BMI =25 and compared with
subjects with BMI < 25: 0.43 (0.21 to 0.89), p=0.02.
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Multivariate analysis of overall survival in Cox regression model

Table 2

Reference Category | HR | 95% CI P-value

BMI =25 BMI <25 0.54 | 0.30-0.98 | 0.04
Age at diagnosis -- 1.06 | 1.03-1.10 | 0.0007
T-stage - 154 | 1.17-2.02 | 0.002
N-stage -- 1.20 | 0.97-1.48 | 0.09
Male Female 0.85 | 0.41-1.78 | 0.67
African American | Caucasian 1.97 | 0.66-5.94 | 0.23
Former Smoker Never smoker 2.65 | 1.19-5.92 | 0.02
Current Smoker Never smoker 3.28 | 1.41-7.60 | 0.006
History of alcohol | No history of alcohol | 1.42 | 0.76-2.65 | 0.27
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Multivariate analysis of disease specific survival in Cox regression model

Table 3

Reference Category | HR | 95% CI P-value
BMI =25 BMI <25 0.58 | 0.28-1.21 0.15
Age at diagnosis -- 1.01 | 0.97-1.06 0.62
T-stage - 2.05 | 1.45-2.89 <0.0001
N-stage - 1.41 | 1.06-1.88 0.02
Male Female 0.68 | 0.27-1.74 0.42
African American | Caucasian 4.16 | 1.12-15.43 | 0.03
Former Smoker Never smoker 2.03 | 0.76-5.42 0.16
Current Smoker Never smoker 2.38 | 0.89-6.39 0.08
History of alcohol | No history of alcohol | 1.40 | 0.61-3.23 0.43
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