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Abstract 
 

Head and neck squamous cell carcinoma (HNSCC) is an especially debilitating cancer 

with unacceptably low survival among patients, which differs depending on the site and stage of 

disease. Statins possess anti-cancer properties that may inhibit disease development and 

progression through various mechanisms including, anti-inflammation, immunomodulation, and 

cholesterol-lowering. Although studies have investigated the association between statins and 

health outcomes among cancer patients with disease in various sites, research among HNSCC 

patients is limited and the mechanisms explaining the relationship are not clearly established. 

Aim 1 of this dissertation investigates whether statin use influences HNSCC outcomes 

including, all-cause mortality, disease-specific mortality, and disease recurrence. Due to the 

differences in etiology and prognosis among patients with human papillomavirus (HPV) positive 

tumors and patients with HPV-negative tumors, HPV was assessed as an effect modifier. Statin 

use was found to be protective among all patients for all-cause mortality but only appeared to be 

protective for disease-specific mortality and disease recurrence among patients whose disease 

was HPV-positive. After the utilization of various analytic methods to address missing data, the 

protective associations did not change. 

Aim 2 examined the association between statin use and both tumor-infiltrating 

lymphocytes (TILs) and circulating cytokines among HNSCC patients at diagnosis. There was a 

statistically significant positive association between statin use and TILs, particularly FoxP3, but 

similar to our findings in Aim 1, only among HPV-positive patients. We observed no association 

between statin use and circulating cytokines even after conducting a principal component 

analysis to reduce dimensionality among the highly correlated cytokine measures.
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Aim 3 explored whether cholesterol may be the mechanism by which statins exert any 

observed influence on HNSCC risk or outcomes. Genetic data from the Michigan Genomics 

Initiative was utilized to conduct a case-control study of HNSCC risk and a survival analysis 

among HNSCC cases. Mendelian randomization analysis was conducted examining the 

association between instruments predicting hypercholesterolemia (total cholesterol (TC), high-

density lipoprotein (HDL), low-density lipoprotein (LDL), and triglycerides (TG)) and HNSCC risk 

as well as outcomes among HNSCC patients. Cholesterol-related instruments were not 

associated with HNSCC risk, but there was a positive association between the TC instrument 

and both all-cause mortality and disease recurrence among HNSCC patients.  

The findings from this dissertation demonstrate that statins are protective against all-cause 

mortality among all HNSCC patients. Statins were protective for disease-specific mortality and 

disease recurrence, particularly among patients with HPV-positive tumors. Potential 

mechanisms that explain this association may be related to a synergistic relationship between 

statin use and the presence of HPV, leading to a more favorable immune response. Improving 

TC among HNSCC patients may improve all-cause mortality and disease recurrence, but future 

research is necessary to elucidate the impact of cholesterol-lowering on HNSCC outcomes. 

Larger and more diverse studies further investigating these observations are necessary to 

validate this research. Overall, this dissertation provides evidence to support the future 

development of an adjuvant clinical trial of statin therapy in HNSCC patients. If these findings 

are supported in larger, more diverse patient populations, statin use may be a relatively safe 

adjuvant tertiary treatment option for patients with HNSCC.
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Chapter 1 : Background / Introduction 
 

 

Head and Neck Squamous Cell Carcinoma (HNSCC) 
 

Head and neck squamous cell carcinoma (HNSCC) is an especially debilitating and 

deadly form of cancer. HNSCC is a group of cancers arising in the aerodigestive tract starting at 

the nasal cavity and ending in the throat at the larynx, located in sites including the oral cavity, 

oropharynx, larynx, hypopharynx, and nasopharynx.1–3 The incidence of HNSCC is 0.2-3.3 per 

100,000, and the 5-year relative survival ranges from 31.9%-89.5% depending on the site of the 

cancer .1 Recurrence is approximately 50% for patients with advanced disease.1 

 Although HNSCC may not have a high incidence rate compared to other cancers, the 5-

year relative survival rate is unacceptably low and the morbidity of treatment can be extreme. 

Based on Surveillance, Epidemiology and Ends Results Program (SEER) data from 2008-2014, 

the percent of patients who survive 5 years who have cancer of the oral cavity or pharynx is 

approximately 64.8% and those with cancer of the larynx is on average 60.9%.4,5 Other more 

common cancers have a much higher percentage of patients who survive 5 years after 

diagnosis based on SEER data from 2008-2014. 89.7% of breast cancer patients survive after 5 

years and prostate cancer is about 98.2%.6,7 

Although there have been advancements in treatment modalities specifically in surgery, 

chemotherapy and radiation therapy, prognosis has improved among HNSCC patients over time 

mainly due to the increase in the number of human papillomavirus (HPV) positive HNSCC 

patients, as HPV-positive tumors have a better prognosis.1,2
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Risk Factors 
 

HNSCC has two distinct etiologies of disease in the United States, patients whose 

tumors are HPV-positive, related to oral HPV infection, and patients whose tumors are HPV-

negative, which is often the result of smoking tobacco and drinking alcohol.1 In the past few 

decades, the incidence of HPV-positive HNSCC cancers has increased both in the US and 

globally.8  The incidence of HNSCC that is not associated with HPV has drastically decreased, 

but the incidence of HPV-positive associated disease has increased, particularly among 

younger men.9 This etiological shift may be related to a decrease in smoking and tobacco use in 

the US population.10  HPV-positive HNSCC patients have better overall and disease-specific 

survival compared to HNSCC patients who are HPV-negative.11  The superior prognosis may be 

related to the differing patient characteristics of HPV-positive and negative HNSCC patients. 

HPV-positive patients are often younger, white males who are less likely to have used tobacco 

or alcohol than patients who are HPV-negative.1,9 It is also important to keep in mind HPV-

positive and negative tumors are different at the molecular level.12,13 They elicit a different 

immune response with HPV-positive tumors often promoting a stronger immune reaction and as 

a result are often more responsive to treatment.14 Genetic mutations that lead to the 

development of HNSCC are also different between patients with HPV-positive and negative 

disease. HPV-positive tumors often have mutations in the PI3K pathways whereas, patients with 

HPV-negative HNSCC are more likely to experience mutations in TP53 and CDKN2A.15  

Information about the differences in incidence, survival, risk factors, and patient characteristics 

between patients with HPV-positive and HPV-negative disease are presented in Table 1.1. 

Site of disease is often related to the risk factors that may have caused the disease. 

HPV-positive disease is often found in the oropharynx site, and smoking and drinking are 

associated with the other sites in the head and neck.1 The stronger immune response observed 

among HPV-positive disease may be related to the site of disease since it is located in the 
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oropharynx, including the tonsils, which are lymphatic tissue.14 There are currently no evidence-

based recommendations for changes that a HNSCC patient can make after onset of disease to 

improve or prevent mortality.  

Although genetics are often identified as a risk factor for developing certain types of 

cancers, genetics do not appear to be a strong risk factor for developing HNSCC.16 There does 

appear to be an association with certain genetic mutations, for example, P53 and other multiple 

mutations and HNSCC but the relationship is not clear.16 Since the biology and treatment of 

HNSCC is different by site of disease further research is necessary to elucidate the genetic 

markers that are associated with each site and identify the treatment that would most benefit 

each patient profile.16 

 

Statins 
 

 Statins are medications that help lower cholesterol levels, specifically LDL cholesterol 

and triglycerides.17 They are often administered to adults who have high cholesterol or are at 

risk for cardiovascular disease.17 Statins are a very commonly prescribed drug in the United 

States. Guidelines that were implemented in 2013 estimate that approximately “1 in 3 American 

adults” will be prescribed a statin regardless of cholesterol levels or if they are suffering from 

cardiovascular disease.18 The US Preventative Services Task Force also supports the use of 

statins in adults who may have risk factors for cardiovascular disease other than high 

cholesterol.19 It is abundantly clear that statins are associated with reducing the risk of 

cardiovascular disease and overall mortality.20 Although this relationship is clearly established, 

the association between statins and disease-specific survival or statins and recurrence among 

HNSCC patients has not been thoroughly investigated. 
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Cholesterol-lowering 
 

Statins lower cholesterol by blocking HMG-CoA reductase (3-hydroxy-3 methylglutaryl 

coenzyme A) activity, which is a necessary step in the mevalonate pathway.21 By blocking this 

pathway, a chain reaction occurs because the production of mevalonic acid, a product of HMG-

CoA, is obstructed.22 The mevalonate pathway stimulates the production of sterols, which are 

the foundation of cholesterol.22 Since this is reduced or blocked by the introduction of a statin, 

LDL decreases and plaque formation diminishes in the arteries, which explains why statins are 

so protective for cardiovascular disease.22  

 The association between cholesterol levels and risk of developing cancer or 

experiencing cancer-associated outcomes is not clear. The majority of the literature 

investigating this relationship is quite dated. It is possible that the association between 

cholesterol levels and risk of cancer or mortality is different depending on the site of the 

disease.23 A study from the 1980s found an inverse association between cholesterol levels and 

risk of developing cancers associated with tobacco use.24 It has also been suggested that the 

reduction of circulating cholesterol may reduce the risk of developing certain cancers, 

specifically prostate cancer.25 Although cholesterol is necessary for cells to function, it is 

possible that too much cholesterol may influence carcinogenesis through various processes.26 

The impact of cholesterol on cancer development may be different by cancer subtype because 

the molecular makeup of the tumor cells differs between cancers.27 It has also been identified 

that statins have many biologic actions in addition to cholesterol-lowering that may be protective 

for cancer. In the paper, Hallmarks of Cancer: The Next Generation, the authors clearly explain 

the common biologic mechanisms that underlie cancer development and progression.28 These 

hallmarks are displayed in Table 1.2. Many of these mechanisms may be obstructed when 

statins are present in the body, including inflammation and immunomodulation, apoptosis and 

angiogenesis effects.29  These beneficial effects of statins will be explained in more detail below. 
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Immunomodulatory and Anti-inflammatory Effects 
 

When cancer develops, the body elicits an immune response and a strong immune 

response has been shown to have favorable results among cancer patients.28 Inflammatory 

markers are often present when cancer arises due to initiation by the immune system.28 

Inflammation is described as an “enabling characteristic”, and the response of the immune 

system is described as an “emerging hallmark”, in the Hallmarks of Cancer paper and is 

displayed in Table 1.2.28 The inflammatory and immunomodulatory effects of cancer are not 

clearly directional by cell type. It often depends on the type of cancer, whether the presence of 

inflammatory markers and what combination of these markers are beneficial or harmful to 

cancer prognosis.30  

There have been studies that investigated the relationship between circulating pro-

inflammatory cytokines and the use of statins in populations of patients with 

hypercholesterolemia and in the general population. These studies found that statins reduce the 

presence of certain cytokines, but the cytokines that were reduced were not consistent across 

studies.31–34 In the studies that investigated the association of statin use and cytokines in 

participants with hypercholesterolemia, two of the studies found a reduction in interleukin-6 (IL-

6) and two of the studies found a reduction in tumor necrosis factor (TNF) for participants on a 

statin.31,32 In the study that investigated the association among a general population (random 

sample) of Swiss adults they only found lower C- reactive protein (CRP) concentrations among 

participants using a statin compared to those who were not.34  

Although this relationship does not appear to have been studied among HNSCC 

patients, it has been investigated among patients with a diagnosis of colorectal cancer. Malicki 

et al. investigated this relationship in tissue as well as serum and found an inverse association 

between statin use and certain pro-inflammatory cytokines.35  It is possible that this association 

may also be present for patients with HNSCC because an increase in the presence of pro-
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inflammatory cytokines in a HNSCC patient is often not beneficial, and may promote the 

development of new disease or the metastasis of disease already present through multiple 

biological mechanisms.36,37 The pro-inflammatory cytokine, IL-6 has been found to be positively 

associated with recurrence in patients with HNSCC.38   

Statins are also associated with the increased production of T-cells; this has been 

observed particularly in vitro among cancer cell lines and lung cancer cells in mice.39 The 

literature also demonstrates that the presence of T-cells are often associated with better 

outcomes among HNSCC patients.30 The association between tumor-infiltrating lymphocytes 

(TILs) and HNSCC outcomes appears to be inverse; patients who have a higher number of TILs 

are less likely to die or experience recurrence than HNSCC patients who have a lower number 

of TILs.40,41  Although the association between statin use and tumor-infiltrating lymphocytes has 

not been investigated among HNSCC patients; this relationship has been observed among 

patients with colorectal cancer. Al-Husein et al. identified that participants with colorectal cancer 

who had taken a statin had more immune cell infiltration compared to those who did not take a 

statin.42 This association appeared to be modified by stage of disease.42 It is possible the 

pathway by which statins improve HNSCC disease-specific mortality and recurrence is through 

their immune and anti-inflammatory properties. 

It is important to investigate the possible modifying effect of HPV on the association 

between statin use and inflammatory biomarkers in HNSCC patients. HPV-positive associated 

disease and HPV-negative disease are quite different in a plethora of ways, including immune 

response.  Patients with HPV-positive tumors often elicit a stronger immune response than 

patients who have HPV-negative disease.43,44 This may be related to the disease site 

associated with HPV-positive disease, which is often located in the oropharynx including the 

tonsils. Since the tonsils are made up of lymphatic tissue it is possible the immune response 

would be stronger in this location due to the tissue type.14,44 It is possible that the strong immune 



7 
 

response of HNSCC patients with HPV-positive disease works synergistically with the anti-

inflammatory and immunomodulatory actions of statins to improve cancer-related outcomes. 

 

Pro-Apoptosis 
 

When non-cancerous cells no longer serve their purpose in the body or become old, 

they are programmed to die through apoptosis, paving the way for new cells to replace them.28 

Malignant cells proliferate and resist death. They continue to grow into cancerous masses that 

can become invasive and spread through the lymphatic system and migrate to other organ 

systems other than where it originated.28 One of the hallmarks of cancer (as discussed above 

and displayed in Table 1.2) is avoiding apoptosis.28 Statins have properties that promote 

apoptosis. As mentioned above, statins block the production of mevalonic acid through 

obstructing the HMG-CoA pathway (displayed in Figure 1.1). Through blocking this pathway, 

statins inhibit the production of cholesterol 22 and, downstream of this, they also block protein 

prenylation (Figure 1.1).45 Protein prenylation is a post-translational modification that allows the 

protein to be more active.45  A study conducted by Tsubaki et al. looked at the effect of 

Fluvastatin and Simvastatin on HNSCC cell lines with the goal of understanding the mechanism 

by which these statins promote apoptosis.46 They found that these statins did promote apoptosis 

in HNSCC cell lines through blocking Ras pathways.46 Ras is a proto-oncogene that promotes 

the growth of new cells and, when mutated into an oncogene, promotes overgrowth and 

avoidance of apoptosis and is associated with many different types of cancer.47,48 Prenylation is 

required for Ras proteins to be maximally active.49 Therefore, if statins block the prenylation of 

Ras proteins that are the product of a mutated Ras oncogene, it is possible that apoptosis will 

mitigate or stop the overgrowth of cells.48 
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Angiogenesis 
 

Angiogenesis refers to the development/growth of new blood vessels, which is 

associated with the growth of cancer by allowing more blood flow to feed the growing tumor, 

and is displayed as a hallmark of cancer in Table 1.2.28 There is evidence of poorer outcomes 

for HNSCC patients with an increase in angiogenesis.50,51 There is also evidence that statins 

influence angiogenesis in animal studies. However, the directionality remains unclear. Several 

of these studies found that the relationship is associated with the dose of statin administered; 

with low doses of statins promoting angiogenesis and high doses inhibiting it.52–55 It is possible 

that the different types of statins have different effects on the development of angiogenesis.55 It 

is not evident if the same pattern observed in animals will be observed in HNSCC patients 

since, to our knowledge, no human studies investigated the association between statins and 

angiogenesis in HNSCC patients. Al-Husein investigated the association between statin use 

and certain biomarkers that may denote angiogenesis among patients with colorectal cancer 

and found that those who used a statin had a reduction in cluster of differentiation (CD31), 

which may be related to a decrease in angiogenesis.42 

 

Statins and Cancer 
 

Given that statins impact important biologic functions related to cancer, we hypothesize 

that the effect of statins on HNSCC outcomes can be observed in a large study of human 

subjects. 

  Few previous studies have investigated the relationship between statin use and disease-

specific survival among HNSCC patients in vivo. Studies have investigated the relationship 

between statin exposure and HNSCC in vitro, specifically looking at the impact of statin or 

cholesterol-lowering medication on HNSCC tumor cell lines.56 These studies have demonstrated 

that statins may induce apoptosis, and they may be cytotoxic to cancer cells.56  
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A case-control study investigated the association between HNSCC incidence and statin 

use in a Taiwanese population.57 This study found statins to be significantly protective against 

the development of HNSCC.57 To our knowledge, only two studies have examined the 

association between statin use and disease-specific outcomes in patients diagnosed with 

HNSCC. Both studies reported that statins were statistically significantly protective for overall 

mortality and disease-specific mortality.58,59 The Lebo et al. study identified a statistically 

significant protective association between statin use and disease-specific mortality but the 

Gupta et al. manuscript only observed a statistically significant association between statin use 

and disease-specific mortality when comparing those who were non-statin users without high 

cholesterol to those who were statin users with high cholesterol.59 Although these studies 

produced promising results there were a few methodological limitations and questions that need 

to be addressed. 

Both studies were missing information on essential variables that may confound the 

relationship between statin use and HNSCC outcomes, such as smoking and drinking behaviors 

as well as clinical factors that may influence HNSCC outcomes such as body mass index 

(BMI).58,59  BMI may influence the association between statin use and HNSCC outcomes as a 

positive confounder, which may lead to a more protective observed association than the 

association that would truly be expected between statin use and HNSCC outcomes. Higher BMI 

is often related to improved survival among patients with HNSCC.60–62 Statin use is often 

recommended as a preventive treatment for cardiovascular disease among patients who are 

obese because obesity is a risk factor for cardiovascular disease development.63 This may lead 

to patients with a higher BMI to be more likely to use statin drugs.  

Both studies did not investigate how HPV status may modify the association between 

statin use and HNSCC outcomes. The Lebo et al. study excluded patients who had HNSCC at 

sites that are associated with HPV-positive disease because they did not have information 

about HPV status (oropharynx and oral cavity). 58 Although the oral cavity is not predominately 
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known as being the primary site for HPV-positive tumors, authors were concerned for 

misclassification of the oropharynx site diagnosis as oral cavity.58 Excluding subjects with HPV-

positive associated disease sites is an issue because HPV related HNSCC is steadily 

increasing over time and represents a large proportion of HNSCC cases. It is possible that their 

findings are not very applicable to the current development and epidemiological landscape of 

disease and cannot be generalized to HNSCC patients as a whole. Lastly, although they looked 

at overall survival and disease-specific survival they did not investigate the relationship between 

statins and recurrence of disease, which is important in HNSCC because recurrence is quite 

common among patients with advanced disease.1,58  Findings and limitations from both studies 

are presented in Table 1.3. 

 The Gupta et al. paper also did not have information on HPV status but did not exclude 

any disease site, they also limited their analysis to subjects over the age of 65.59 This is 

exclusion criteria is limiting their study sample leading to potentially non-generalizable results. 

Excluding younger participants will limit the number of subjects with HPV-positive disease. 

HNSCC patients with HPV-positive disease are often younger than those with HPV-negative 

disease.1  The Gupta et al. paper also did not investigate the relationship between statins and 

recurrence of disease, which as mentioned above is an important outcome to investigate among 

HNSCC patients.1,58,59   

In addition to in vitro and observational studies there has been one phase I trial 

investigating statins as a potential tertiary prevention strategy for HNSCC and cervical cancer 

patients. This trial administered Lovastatin among squamous cell carcinoma patients of the 

head and neck and cervix with advanced disease but the sample size was quite small, making it 

difficult to identify the impact of the drug.64 However, as this was a phase I trial, the goal of the 

study was to identify the maximum dose of statin that can be tolerated among patients, rather 

than its impact on outcomes.64 This study concluded that statins could be tolerated at high 

doses among HNSCC patients, but this study only represents a small number of patients and is 
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not generalizable to all patients especially those without advanced disease. Therefore, although 

the literature on human population-based studies investigating the relationship between statins 

and HNSCC survival is scarce, there have been studies investigating the relationship between 

statin use and survival among other cancers with protective results, and phase I trials support 

that statins may be a safe adjuvant treatment for these patients.64,65  

Randomized controlled trials investigating the association between statin use and cancer 

outcomes or risk of developing cancer at other sites have mixed results. A randomized control 

trial investigating the use of statins and survival among patients with hepatocellular cancer 

found a protective association between Pravastatin use and survival; patients on Pravastatin 

lived on average 9 months longer than the participants who were not in the treatment group.66 A 

meta-analysis exploring the association between statin use and breast cancer risk combining 

results from multiple randomized control trials and observational studies did not find an 

association; the results were null between statin use and breast cancer risk.67 Findings were 

also null for an analysis on the association between risk of developing cancer and statin use 

based on a meta-analysis of 35 randomized control trials.68 A large randomized control trial 

exploring the association between Pravastatin used concurrently with traditional treatment and 

mortality among lung cancer patients found null results.69 It is possible statin drugs do not 

reduce risk of developing cancer, but may be beneficial in improving cancer-related outcomes 

and is dependent on site of disease. 

  Although, as described above, the literature on statins and HNSCC outcomes is sparse, 

and information about the association between statin use and cancer-related outcomes 

identified through randomized control trials are limited. There is a plethora of information and 

research investigating the association between using statins and cancer outcomes for cancers 

at various other sites through observational studies. A study investigating the association 

between statins and cancer using the “Women’s Health Initiative” data  found statins may 

improve survival among cancer patients who have used statins at higher doses or for prolonged 
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periods of time across different cancer subgroups, but this study did not look at HNSCC as its 

own subgroup.65 

A systematic review and meta-analysis conducted by Zhong et al. compiled 

observational studies that investigated the relationship between statins and cancer outcomes 

through 2015.70 Although their analysis contained studies on over ten types of cancer, including 

breast, colorectal, gastric, hepatocellular, melanoma, lymphoma, and cancers of various 

disease sites in the male and female reproductive organs, they did not include any studies on 

HNSCC.70 This meta-analysis found that statins were protective for overall survival and disease-

specific survival, but they did not investigate recurrence of disease.70 A more recently published 

meta-analyses have been conducted with similar findings supporting the protective association 

between statin use and most cancer-related outcomes.71,72 Based on the potential for statin use 

to improve outcomes among HNSCC patients and the limited tertiary care options for these 

patients other than conventional or emerging oncological treatment options, it is necessary to 

conduct additional research to identify the potential benefits of statin drugs for HNSCC 

outcomes. 
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Remaining Questions:  

Given the gaps in the current literature, it is necessary to conduct further research to 

identify how statin use will impact HNSCC outcomes and the possible mechanisms in which 

statins influence these outcomes.  

1. How does statin use influence health outcomes among patients with HNSCC? Does it 

improve overall and disease-specific survival, and impede disease recurrence? How does HPV 

status modify the association between statin use and HNSCC outcomes? 

2. How are commonly investigated inflammatory and immunomodulatory biomarkers 

associated with statin use among HNSCC patients? Does HPV status modify the association 

between these biomarkers and statin use? 

3. What is the influence of cholesterol levels (total cholesterol, low-density lipoprotein 

(LDL), high-density lipoprotein (HDL) and triglycerides) on risk of developing HNSCC and 

outcomes among HNSCC patients? Are circulating cholesterol levels the mechanism behind 

cancer development? 

  

  



14 
 

Specific Aims 
 

Aim 1: Investigate whether statin use at or post-diagnosis influences HNSCC outcomes 

including overall survival, disease-specific survival, and recurrence free survival. (Chapter 2) 

Aim 1 Hypothesis:  Patients who were using a statin at diagnosis will have better 

HNSCC outcomes compared to those who were not (i.e. longer overall, disease-specific and 

recurrence free survival). Patients who start a statin at or after diagnosis will have better 

HNSCC outcomes than patients who never used a statin, but we hypothesize it will not be as 

effective as if it were identified as being taken at diagnosis.  

 

Aim 2: Examine the influence of statin use at diagnosis on tumor-level and systemic 

inflammation by investigating pre-treatment tumor-infiltrating lymphocytes (TILs) in tumor tissue 

and circulating cytokines in baseline blood samples among HNSCC patients who were using a 

statin at diagnosis compared to those who were not. (Chapter 3) 

Aim 2 Hypothesis: Statins are anti-inflammatory, so use of these medications will be 

associated with less inflammation and a more favorable immune and inflammatory profile in 

both tumor tissue (higher number of TILs) and systemically (lower number of pro-inflammatory 

cytokines) compared to non-use. 

 

Aim 3: Explore whether lower cholesterol may be the mechanism by which statins exert any 

observed influence on HNSCC risk, or outcomes among HNSCC patients using genetic data 

from the Michigan Genomics Initiative (MGI). We will conduct a Mendelian randomization 

analysis examining the association between genetic variants/genetic instruments that predict 

hypercholesterolemia (HDL, LDL and triglycerides) and risk of developing HNSCC, and HNSCC 

outcomes among HNSCC patients. (Chapter 4) 
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Aim 3 Hypothesis: Patients who have genetic variants that predispose them to 

hypercholesterolemia (higher LDL and triglyceride, and lower HDL) will be more likely to have 

HNSCC compared to participants who do not have these genetic variants (lower risk scores for 

LDL and triglycerides and higher HDL) and the same associations will be observed for HNSCC 

patients and outcomes. 
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Chapter 1: Figures/Tables 
 

 

Figure 1.1: Mevalonate Pathway 

 

 

 

 

 

 

 
Adpated from Figure 1 in : Buhaescu I, Izzedine H. Mevalonate pathway: a review of clinical and 
therapeutical implications. Clin Biochem. 2007;40(9-10):575-584. 
doi:10.1016/j.clinbiochem.2007.03.
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Table 1.1: HNSCC by HPV Status 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Adpated from Table 1 in: Rettig EM, D’Souza G. Epidemiology of head and neck cancer. Surg Oncol Clin NA. 2015;24(3):379-396. 
doi:10.1016/j.soc.2015.03.001 
 
* Mahal BA, Catalano PJ, Haddad RI, et al. Incidence and demographic burden of HPV-associated oropharyngeal head and neck 
cancers in the United States. Cancer Epidemiol Biomarkers Prev. 2019;28(10):1660-1668. doi:10.1158/1055-9965.EPI-19-0038  

 Human Papillomavirus (HPV)  
Positive Patients 

Human Papillomavirus (HPV) 
Negative Patients 

Incidence*  Increasing in the USA 

 4.62 per 100,000 (oropharynx) 

 0.62 per 100,000 (non-
oropharynx disease sites) 

 

 Decreasing in the USA 

 1.82 per 100,000 (oropharynx) 

 1.38 per 100,000 (non-
oropharynx disease sites) 

Survival  60%-90% (5 year, oropharynx)  20%-25% (5 year, oropharynx) 

 65% (5 year, non-oropharynx 
disease sites) 

Recurrence  10%-15% (5 year, oropharynx)  50% (5 year, oropharynx) 

 50% (5 year, non-oropharynx 
disease sites) 

Risk Factors  Oral HPV infection  Tobacco 

 Alcohol 

Patient 
Characteristics 

 Young (<60 years old) 

 White 

 Male 

 Higher socioeconomic status 

 Less likely to use tobacco 

 Older (55+ years old) 

 White 

 Male 

 Lower socioeconomic status 

 More likely to use tobacco 

Disease Site  Oropharynx  Nasal cavity 

 Oral Cavity 

 Oropharynx 

 Hypopharynx 

 Larynx 

Immune Response  Strong, possibly due to site of 
disease including tonsil 
(lymphatic tissue) 

 Not as strong as HPV-positive 
associated HNSCC 
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Table 1.2: Hallmarks of Cancer 

 

Hallmarks of Cancer Emerging Hallmarks and Enabling 
Characteristics 

Resisting Cell Death Deregulating cellular energetics 

Inducing Angiogenesis Avoiding immune destruction 

Sustaining proliferative signaling Genome instability and mutation 

Enabling replicative immortality Tumor promoting inflammation 

Evading growth suppressors  

Activating invasion and metastasis   

 
 
 
 
Adapted from Figure 1 and Figure 3 in: Hanahan D, Weinberg RA. Hallmarks of cancer: the next generation. Cell. 2011;144(5):646-
674. doi:10.1016/j.cell.2011.02.013  
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Table 1.3: Comparison of Statin and HNSCC Outcomes Studies 

 

 
 
 
 
a. H= hypercholesterolemia 
 
 
 
Lebo NL, Griffiths R, Hall S, Dimitroulakos J, Johnson-Obaseki S. Effect of statin use on oncologic outcomes in head and neck 
squamous cell carcinoma. Head Neck. 2018;40(8):1697-1706. doi:10.1002/hed.25152 

Gupta A, Stokes W, Eguchi M, et al. Statin use associated with improved overall and cancer specific survival in patients with head 
and neck cancer. Oral Oncol. 2019;90:54-66. doi:10.1016/j.oraloncology.2019.01.019
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Abstract 
 

Background: Head and neck squamous cell carcinoma (HNSCC) is a morbid cancer with poor 

outcomes. Statins have been identified as having anti-cancer properties such as 

immunomodulatory and anti-inflammatory effects. The objective of this study is to identify the 

association between statin use among previously untreated HNSCC patients and health 

outcomes, specifically overall death, disease-specific death and recurrence. 

Methods: Incident HNSCC patients were recruited through the University of Michigan Rogel 

Cancer Center to participate in the University of Michigan Head and Neck Cancer Specialized 

Program of Research Excellence (SPORE) from 2003-2014. Statin use data were collected 

through medical record review. Participants were considered a statin user if they used a statin at 

or after diagnosis. Outcome data were collected through medical record review, social security 

death index or LexisNexis. Our analytic cohort included 1,638 participants who had information
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 on statin use and HNSCC outcomes. Cox proportional hazard models were used to estimate 

the association between ever statin use and HNSCC outcomes.  

Results: Statin use was seen in 36.0% of participants. We observed a statistically significant 

inverse association between ever using a statin and both overall death (HR=0.75, 95%CI=0.63-

0.88) and HNSCC-specific death (HR=0.79, 95%CI=0.63-0.99) and a non-statistically significant 

inverse association for recurrence (HR=0.85, 95%CI=0.70-1.04). When investigating the 

association between statin use and HNSCC outcomes utilizing interaction terms between statin 

use and human papillomavirus (HPV), a statistically significant interaction for HNSCC-specific 

death and recurrence were identified (HNSCC-specific death: HPV-positive HR=0.41, 

95%CI=0.21-0.84; HPV-negative HR=1.04, 95%CI=0.71-1.51; p-int-0.02; recurrence: HPV-

positive HR=0.49, 95%CI=0.29-0.84; HPV-negative HR=1.03, 95%CI=0.74-1.43; p-int-0.02).  

Conclusions: Statin use may be protective for adverse outcomes in HNSCC patients, 

particularly those with HPV-positive disease. If true, these findings could have a meaningful 

impact on tertiary prevention for this cancer. 
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Background 
 

Head and neck squamous cell carcinoma (HNSCC) is a debilitating disease with high 

morbidity and a 5-year relative survival rate ranging from 31.9%-89.5% depending on the site of 

disease.1 HNSCC arises from the mucosal lining of the aerodigestive tract starting in the nasal 

cavity and ending in the throat at the larynx, with other sites including the oral cavity, 

oropharynx, and hypopharynx.1–3 The epidemiology of HNSCC has changed over the past 

decades in the United States due to a shift in the major risk factors associated with certain 

disease sites. There has been a decrease in the number of patients with HNSCC of the oral 

cavity and larynx in the United States which may be explained by the large decrease in smoking 

over time, the main risk factor for HNSCC in these sites.4,5 Human papillomavirus (HPV) positive 

HNSCC, which is predominantly found in the oropharynx, has been increasing in the United 

States over the past decades.6 HPV-positive disease has better prognosis than HPV-negative 

HNSCC and appears to be more responsive to treatment.7 This may be related to the difference 

in patient characteristics between patients with HPV-positive tumors and patients with HPV-

negative HNSCC.6,7  

Although treatment options have improved and expanded over the decades, there are 

still no evidence-based tertiary prevention strategies for HNSCC other than tobacco cessation. 

Statins are a class of commonly prescribed medications that are primarily used to lower 

cholesterol.8 In addition, statins exhibit anti-cancer effects including, anti-inflammatory and 

immunomodulatory properties.9 Thus, it is hypothesized that they may prevent the development 

or progression of cancer through these mechanisms or through cholesterol-lowering.9 

Cholesterol may be an essential factor in cancer development or progression because it is 

involved in various pathways associated with carcinogenesis.10  

Numerous studies have investigated the association between statin use and cancer 

outcomes among different cancer sites and have found protective results, but the literature is 
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limited when investigating this association among HNSCC patients.11,12 The few studies that 

have investigated this association found a protective association between statin use and the 

development of HNSCC, as well as a protective association between the use of statins and 

overall death and HNSCC-specific death.13–15 Although these analyses provide promising 

results they had some important limitations. First, they did not adjust for some important 

confounding variables in their models, notably characteristics such as body mass index (BMI). 

Further, none of these studies examined HPV-positive and HPV-negative disease separately 

other than through the elimination of certain disease sites from analysis.14 This is important 

because HPV-positive HSNCC is increasing in the US and have different pathogeneses and 

immune/inflammatory response modulation.1 They also did not investigate the association 

between statin use and disease recurrence as an outcome. 

The objective of this study is to examine the association between statin use and HNSCC 

survival outcomes in a large prospective cohort of previously untreated HNSCC patients, with 

thorough adjustment for potential confounding factors and examining HPV-positive and negative 

disease separately.  

Material and Methods 
 

Study Population 
 

This study includes incident cases of HNSCC who participated in the University of 

Michigan Head and Neck Cancer Specialized Program of Research Excellence 1 and 2 

(SPORE 1 and SPORE 2). Participants in SPORE 1 were diagnosed and recruited from 2003-

2008, and recruitment for SPORE 2 participants started in 2008 and ended in 2014. Subjects 

were eligible for participation if they were over the age of 18 years old, newly diagnosed with 

disease, and had not previously received treatment for their cancer. A more in-depth 

explanation of the study recruitment and procedures has been published previously.16,17   There 
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were 1,648 patients who were recruited through the University of Michigan in SPORE 1 (N=606) 

and SPORE 2 (N=1,042). Of the patients who participated in the Head and Neck Cancer 

SPORE, 1,638 participants had complete information on statin use.  

Exposure 
 

Information on use of selected medications, including statins, at any point during follow-

up, was previously collected for SPORE 1 participants from the medical record.  For the current 

analysis, medication information for SPORE 2 participants was newly collected through medical 

record abstraction. The following statins were used among SPORE 2 participants: Atorvastatin 

(Lipitor, Caduet)= 23.7%, Lovastatin (Mevacor)=9.9%, Pravastatin (Pravachol)=11.7%, 

Rosuvastatin (Crestor)=9%, Simvastatin (Simcor, Zocor, Vytorin)=46.5%; the total does not 

equal 100% because categories were not mutually exclusive, 3 participants reported taking two 

different statins. Comprehensive information on medication use was routinely collected by 

physicians prior to initiating treatment. Patients were asked if they were currently using any 

medications. If yes, the name of the medication was recorded in the medical record. The initial 

visit related to the patient’s HNSCC diagnosis at the University of Michigan Rogel Cancer 

Center was identified in the electronic medical record, and all medications reported were 

abstracted from that encounter, if available. If this information was not available during that 

encounter, the information was abstracted from the closest encounter to the initial encounter 

date but prior to treatment initiation. To identify if participants started a statin after diagnosis, 

electronic medical record search engine (EMERSE) was used to search for statin medication 

names throughout the medical record.18 If a participant was identified as using a statin at or after 

diagnosis, they were classified as ever using a statin.  

In addition to investigating the exposure as ever statin use, we also investigated the 

association between statin use at diagnosis and HNSCC outcomes among the SPORE 2 

participants for whom pre- and post-diagnosis use could be differentiated. Trained research 
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personnel collected the exposure information from all participants if available. The inter-rater 

reliability was quite high between abstractors with a Kappa value of approximately 95%. Patient 

records that were not concordant were reviewed by both abstractors and reconciled. All data 

were stored in a Research Electronic Data Capture (REDCap) database.19 

Outcome 
 

Patients seen at the University of Michigan were annually monitored for overall death, 

disease-specific death, and recurrence through medical record review and patient follow-up. 

Recurrence of disease was defined as patients who were identified as never being free of 

disease, as well as those who experienced distant, local or regional recurrence of disease. 

Beyond this surveillance, linkage with the national social security death index (NDI) to ascertain 

participant survival was conducted annually. After study follow-up was complete, a final update 

of the participants’ survival status was conducted through LexisNexis. If a participant was in the 

NDI, or if a family member informed us that they had died, medical records or resources through 

LexisNexis were reviewed by trained study personnel to determine the date of death and 

whether the death was due to HNSCC or another cause. Death or recurrence information was 

reviewed by physicians for accuracy. Participants’ outcome information was collected and 

updated through April 2016. 

Confounding Variables  
 

Information on potential confounding variables were collected through various data 

sources. Confounders related to behaviors such as smoking and drinking were collected 

through health surveys that were completed yearly by patients. Demographic and clinically 

related confounders such as race, gender, age, BMI, and Adult Comorbidity Evaluation 27 score 

(ACE-27) were collected through the patient’s medical record. There were several effect 

modifiers that we assessed; HPV status, disease site, and stage at diagnosis. HPV status was 



31 
 

identified through the following testing; polymerase chain reaction (PCR) testing and in situ 

hybridization, both of which have high sensitivity and specificity (>80%).20 If tissue was not 

tested for HPV status from a previously conducted sub-study of SPORE 1 or SPORE 2, it was 

obtained through the patient’s medical record or pathology reports. 

All models were adjusted for age at diagnosis as a continuous variable. The following 

factors that are hypothesized or known to be associated with either HNSCC outcomes or statin 

use were considered as potential confounding variables:  gender, race, ACE-27, smoking, BMI, 

education and stage. Certain clinical variables thought to be associated with HNSCC survival 

that are often adjusted for in survival analyses, such as site of disease and HPV status, were 

not independently associated with the use of statins in our data. Factors such as age, gender 

and race may be on the path by which these variables are associated with statin use, therefore 

by adjusting for these variables should block all backdoor paths that may have been present 

because these variables occur temporally before HPV status. Directed acyclic graphs displaying 

the relationships between the exposure and outcome variables of interest as well as other 

variables that may influence the association as confounders or mediators are displayed in 

Figures 2.1 and 2.2. Each potential confounder was entered into the age-adjusted model to 

evaluate whether the point estimates for statin use changed by at least 10%. The variables that 

impacted the association between statin use and HNSCC outcomes the most were age, ACE-

27, and BMI. Other potential confounders were added to the model individually and 

cumulatively, but their inclusion resulted in a less than 10% magnitude change in the point 

estimates.  

The most parsimonious and final model includes only age, ACE-27, and BMI as 

confounders. We also presented results from a fully adjusted model (adjusted for, age 

(continuous), BMI (<25, 25-<30, 30+ kg/m2, missing), ACE-27 (none, mild, moderate, severe), 

gender (female, male), education (less than high school, high school or General Education 
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Development (GED), some college, 4-year degree, more than 4-year degree, missing), race 

(white, not white, missing), smoking status (never, former, current, missing), drinking status 

(never, former, current, missing), and stage of disease (0 or 1, 2, 3, 4). Only 7 participants were 

missing information for ACE-27, so these individuals were included in the most common 

category (Mild) for adjustment, as there were too few for a separate missing category. 

Statistical Analysis  
 

Descriptive and bivariate analysis was conducted to compare demographic, behavioral, 

and clinical characteristics between participants who were considered ever statin users 

compared to those who did not use a statin at or after diagnosis. Statistical significance was 

determined through chi-square tests for categorical variables and t-tests for continuous 

variables.  

Cox proportional hazard models were used to estimate the association between ever 

statin use and overall and disease-specific death as well as disease recurrence.  For 

recurrence, we began follow-up at the time of diagnosis. Patients who experienced recurrence 

ended follow-up at the date of documented recurrence. Participants who did not experience 

recurrence were censored at last follow-up. Similarly, for progression to disease-specific or 

overall death, follow-up began at the time of diagnosis. For disease-specific death, participants 

who did not die due to malignancy were censored at the time of death due to other causes or 

last follow-up. Follow-up ended for participants who did die from malignancy at the time of 

death. For overall death, participants who did not die were censored at the end of follow-up. 

Follow-up ended for participants who died at the time of death. We estimated the hazard ratio 

(HR) of recurrence, overall death, and disease-specific death for ever statin use (versus non-

use). We also estimated the HR of recurrence, overall death, and disease-specific death for 

statin use at diagnosis (versus non-use) among SPORE 2 participants, as explained above. The 
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proportional hazards assumption was confirmed through conducting interaction models with 

time. 

In this study, we investigated if effect modification was present across HPV status, 

disease site, and stage of disease. Subgroup analyses were conducted stratifying by disease 

site (HPV-positive associated disease sites: oropharynx vs. HPV-negative associated disease 

sites: oral cavity, larynx, hypopharynx and other), stage of disease (stage 4 vs. stages 0-3), and 

HPV status (HPV-positive, HPV-negative, HPV status invalid/missing). Statistical interaction 

was evaluated using the likelihood ratio test.  HPV status was missing for approximately half of 

the participants (49.45%). Thus, in order to identify if missing HPV status biased the point 

estimates, we conducted various sensitivity analyses. We kept the participants with missing 

HPV status as a separate category, dropped the participants with HPV status missing, and used 

stabilized inverse probability weighting (IPW) to weigh participants to emulate the population if 

no one was missing HPV status. In order to calculate stabilized inverse probability weights 

logistic regression models were conducted to calculate the probability of not having HPV status 

missing. The predictors in this model included: year enrolled in the study, age, gender, smoking 

status, drinking status, marital status, stage of disease, ACE-27 scores, disease site and BMI. 

Observations with values missing for the predictors in the model were dropped from the analysis 

and are missing probabilities. Probabilities generated from this model were the denominators of 

the weights. An intercept only model for the probability of not having HPV status missing was 

conducted.  The probabilities calculated from the intercept only model were the numerator of the 

weights and were used instead of the value 1 to standardize the distribution of the weights, 

which allows provides a more normal distribution. Participants who have similar predictors to 

those who are missing HPV status will have higher weights in the final model and participants 

missing HPV status were dropped.  

 



34 
 

Causal Inference Method 
 

To address the issue of missing observations across various potential confounding 

variables, I conducted multiple imputation (MI) using the MICE package in R generating 20 

datasets. In order to efficiently address potential confounding of the association between statin 

use and HNSCC outcomes, I created IPWs for all participants. The combination of utilizing MI 

for missing values and IPW for addressing confounding is an optimal approach to identify the 

association between statin use and HNSCC outcomes through minimizing bias due to 

missingness and confounding.21 

After MI was complete, probabilities were predicted for statin use for all participants. A 

logistic regression model was conducted in each of the 20 imputed datasets. Variables included 

in the logistic regression to predict statin use were age, gender, race, smoking status, 

education, ACE-27, BMI, and diagnosis of myocardial infarction, angina/coronary artery 

disease, congestive heart failure and diabetes mellitus. In order to identify if the probability of 

statin use was balanced between identified statin users vs. non-users, balance plots were 

examined. Figures 2.3 and 2.4 display that there appears to be a relatively similar distribution of 

the probability of statin use among non-statin users and statin users, although there are much 

more non-statin users in the study than statin users and non-statin users are more likely to have 

a lower probability of statin use, there appears to be an overlap of probabilities between users 

and non-users. IPWs were calculated as follows; 1/ (probability of statin use), for participants 

who were considered statin users in the study and 1/ (1-probability of statin use), for participants 

who were not considered statin users. In the event of imbalance, additional truncated weights 

were created which excluded participants who had a weight larger than 13. 

Marginal structural models using Cox proportional hazard models were conducted to 

calculate hazard ratios (HRs) and 95% confidence intervals for all of the outcomes (overall 

mortality, disease-specific mortality and disease recurrence) weighted with the inverse 
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probability weights across the 20 imputed datasets. Marginal structural models were also 

conducted using the truncated IPWs. In addition to conducting marginal models, models that 

additionally adjusted for age, age and BMI, and age, BMI and ACE-27 were also conducted to 

determine if additionally adjusting for these strong confounders helped to eliminate potential 

residual confounding.  

In addition to analyzing the association between statin use and the listed HNSCC 

outcomes, I also conducted interaction models to identify if HPV status remained an effect 

modifier after addressing the missing values through MI and adjusting for confounding using the 

IPWs mentioned above. Point estimates and 95% confidence intervals across the 20 datasets 

were pooled using Rubin’s Rule.22  

All analyses were conducted using SAS version 9.4 (Cary, NC). All tests were two-sided, 

and results were considered statistically significant if p<0.05.  

Results 
 

Descriptive statistics of statin use across baseline demographic and clinical 

characteristics are displayed in Table 2.1. In the study cohort, 36.0% of participants ever used a 

statin. Participants who used a statin were on average older, were more likely to be white, 

overweight or obese, or former smokers and drinkers, to have mild ACE-27 scores, and were 

more highly educated.  

Over the follow-up period (657) 40.1% of participants in the study died due to any cause 

and (379) 23.1% died from HNSCC. Disease recurrence occurred in 30.2% (495) of 

participants. We observed a statistically significant inverse association between ever statin use 

and the rate of overall [multivariable adjusted (MV)-adj HR= 0.75; 95% CI= (0.63, 0.88)] and 

disease-specific [MV-adj HR= 0.79; 95% CI= (0.63, 0.99)] death among HNSCC patients in this 

study (Table 2.2). Similarly, we observed a suggestive inverse association between ever statin 
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use and disease recurrence [MV-adj HR= 0.85; 95% CI= (0.70, 1.04), Table 2.2]. Results from 

the fully adjusted model were similar (Table 2.2). Additional analyses were conducted to identify 

if the association between statin use and HNSCC outcomes was still present after excluding 

participants who had distant metastatic disease at diagnosis (N=44) as well as excluding 

participants who died within 6 months of diagnosis (N=104) (Table 2.4); results from these 

additional analyses are consistent with the findings presented in Table 2.2.  

When we examined participants with HPV-positive and HPV-negative tumors separately, 

excluding participants who were missing HPV status, we observed a protective association 

between statin use and overall death for those in the HPV-positive [MV-adj HR= 0.52; 95% CI= 

(0.31, 0.86)], and HPV-negative [MV-adj HR= 0.76; 95% CI= (0.57, 1.02)] groups. However, 

when we examined the association between statin use and rate of disease-specific death we 

observed a significant interaction such that this inverse association was only observed for 

patients who were HPV-positive [HNSCC-specific death: MV-adj HR= 0.41; 95% CI= (0.21, 

0.84)] and null for patients who were HPV-negative, HNSCC-specific death: [MV-adj HR= 1.04; 

95% CI= (0.71, 1.51)], p for interaction = 0.02 (Table 2.3). This protective relationship was also 

observed for HPV-positive patients’ rate of recurrence: [MV-adj HR= 0.49; 95% CI= (0.29, 0.84)] 

while a null association for patients whose tumor HPV status was negative was observed: [MV-

adj HR= 1.03; 95% CI= (0.74, 1.43)], p for interaction=0.02. Results were very similar when we 

excluded participants who had distant metastatic disease (Table 2.5) as well as when we 

included a missing category for HPV status or when IPW was used to address missingness 

(Table 2.6). Results remain inverse for HPV-positive patients when conducting the analysis 

among participants in SPORE 2 for statin use at baseline. 

When excluding participants who were missing HPV status, we observed a protective 

association for the relationship between statin use at diagnosis and overall death among 

participants who were HPV-positive and who were HPV-negative but neither these results nor 
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the interaction term were statistically significant. The association between statin use at 

diagnosis and HNSCC-specific death as well as recurrence were similar to the association that 

was displayed above between ever statin use and HNSCC-specific death and recurrence. 

Results for the HNSCC-specific death associations were, HPV-positive: [MV-adj HR= 0.53; 95% 

CI= (0.21, 1.31)],  HPV-negative: [MV-adj HR= 1.19; 95% CI= (0.76, 1.85)], (p for interaction= 

0.09) and for recurrence HPV-positive: [MV-adj HR= 0.51; 95% CI= (0.25, 1.03)], HPV-negative: 

[MV-adj HR= 1.14; 95% CI= (0.77, 1.69)], (p for interaction=0.04). 

We found a statistically significant inverse association between ever statin use and 

recurrence for the stratified analysis among participants whose site of disease was located in 

the oropharynx compared to those who never took a statin (Table 2.3), but these results were 

not as strong as those observed in the HPV stratified analysis.  We observed no statistically 

significant interaction by stage (Table 2.3).  

Estimates calculated using the combined MI and IPW technique were similar to the point 

estimates calculated in the adjusted analyses explained above. Missing values and balance of 

covariates did not appear to bias the estimates by a meaningful amount. Results for all models 

conducting using this combined MI and IPW approach are presented in Tables 2.7 and 2.8. 

Discussion 
 

In this large prospective study of HNSCC patients, we observed a protective association 

between statin use and disease-specific death and recurrence that was restricted to HPV-

positive patients. However, statins were protective for overall death in all patients. To our 

knowledge, this is the first paper to investigate the association between statin use and HNSCC 

outcomes stratified by HPV status and with comprehensive adjustment for potential confounding 

factors (Table 2.2).   
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Two previous studies observed a protective association for both HNSCC overall death 

and disease-specific death. One of these studies only included HNSCC disease sites that are 

not associated with HPV-positive disease and the other study did not consider HPV status in 

their analyses.14,15 To our knowledge, the present analyses are the first to consider the role of 

HPV status in the statin-HNSCC outcome association. Importantly, neither of these previous 

studies adjusted for BMI in their analyses.14,15 Higher BMI has been found to be protective 

against adverse HNSCC outcomes.23–25 Further, according to the American College of 

Cardiology and the American Heart Association, obesity is a risk factor for developing heart 

disease and statin use is recommended for people who are at “borderline or intermediate risk” 

for cardiovascular disease, making statin use more common among individuals with a higher 

BMI.26  Thus, BMI would be a positive confounder of the statin-HNSCC outcome association, 

and failing to adjust for this confounder could have biased their results toward a more protective 

association than is actually present. In fact, in the present analysis, our results were markedly 

attenuated when we adjusted for BMI. This may explain the apparently discrepant findings 

between previous studies that found a protective association even among patients who were 

likely HPV-negative. 

Our findings are consistent with the potential biological impact of statin drugs on cancer 

cells. Statins possess anti-inflammatory and immunomodulatory effects and these effects may 

influence cancer.9,27 There have been studies to suggest the presence of certain inflammatory 

markers may improve HNSCC outcomes such as tumor-infiltrating lymphocytes, or make 

HNSCC outcomes worse such as the pro-inflammatory cytokine, IL-6.17,28,29  Although there do 

not appear to be any studies about the production of inflammatory markers and statin use 

among patients with HNSCC, there are a few studies that have investigated the use of statins 

and the presence of inflammatory biomarkers among the general population and among 

patients with hypercholesterolemia. Some studies found a reduction in the number of circulating 
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pro-inflammatory cytokines among statin users.30–33  Statins have also been associated with the 

increased production of T-cells in mice and lung tumor cell lines, and as mentioned above the 

presence of T-cells in tumors are often associated with better outcomes among HNSCC 

patients.34 Thus, anti-inflammation and immune modulation are plausible mechanisms by which 

statins may provide protection against adverse outcomes in HNSCC patients specifically among 

patients whose disease is HPV-positive. This association may be related to the known pro-

inflammatory and active immune response seen predominantly in HPV-positive HNSCC, 

however, further research is needed to establish the biologic mechanism by which statins are 

protective.28,29,35–39   

Strengths and limitations 
 

The strengths of the study are a large sample size representing various sites of HNSCC, 

excellent survival ascertainment, and information on many clinical tumor characteristics, 

potential confounders, and effect modifiers. One possible limitation is that, although the data 

available at diagnosis for patients was collected systematically, the data collected post-

diagnosis was not consistently available for all participants depending upon whether they 

attended the University of Michigan for routine follow-up care. This may lead to misclassifying 

participants as never statin users who may have started a statin after diagnosis but were lost to 

follow-up. If statins are truly protective against cancer outcomes, as the literature suggests, this 

would bias our estimates toward the null, meaning the true association may be even stronger 

than what we observed. It is possible that participants who are very ill prior to study recruitment 

or HNSCC diagnosis may discontinue medication/statin use. We may potentially misclassify 

those participants as never statin users, which may lead to observing a stronger protective 

association than what is expected. To mitigate this issue we conducted a sensitivity analysis 

that excluded participants who had distant metastatic disease and those who passed away 

within 6 months of diagnosis (Table 2.4). After excluding participants with distant metastatic 
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disease we still observed a statistically significant interaction such that we observed an inverse 

association between statin use and both disease-specific death and recurrence only among 

HPV-positive patients (Table 2.5). Using an ever statin use variable may lead to immortal time 

bias, which leads to possible misclassification of the exposure variable because participants 

may start statins after diagnosis or discontinue statin use at any point in the study. This would 

lead to misclassifying participants as statin users during periods of time in which they were not 

using a statin. However, when we considered use of statins at baseline only among the SPORE 

2 participants, our results for the HPV-positive patients remained inverse, although they were no 

longer statistically significant, likely due to the reduction in sample size. It should be noted that 

among SPORE 2 participants, 32.2% were statin users at diagnosis and only a small minority of 

participants initiated statin use after diagnosis (7.1%), making this source of bias likely to be 

minimal. Additional studies with detailed information on statin use are needed to fully address 

this possible source of bias. 

Lastly, we were unable to investigate the dose-response relationship between statin use 

and HNSCC outcomes; this information was not available for all participants through their 

medical record. Future research is necessary to investigate if there is a dose-response 

relationship between statin use and HNSCC outcomes as well as duration of statin use and 

HNSCC outcomes. 

Conclusion 
 

Our findings from this large, prospective study demonstrate that statin use may be 

protective for adverse outcomes in HNSCC patients, particularly those with HPV-positive 

disease. If true, these findings could have a meaningful impact on tertiary prevention for this 

cancer, which lacks evidence-based recommendations.  
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Chapter 2: Figures/Tables 

 
 
 
Figure 2.1: Directed Acyclic Graph of Association between Statin Use and Overall/Disease-Specific Mortality 
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Figure 2.2: Directed Acyclic Graph of Association between Statin Use and Disease Recurrence 
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Figure 2.3: Balance Plots; Probability of Statin Use (Statin Users vs. Non-Statin Users), Imputed Datasets (1-10) 
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Figure 2.4: Balance Plots; Probability of Statin Use (Statin Users vs. Non-Statin Users), Imputed Datasets (11-20) 
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Table 2.1: Demographic and Clinical Characteristics by Statin Use 

 Ever Statin User 
(N=589, 35.96%) 

Never Statin User 
(N=1049, 64.04%) 

P-value 

Age at Diagnosis, years  63.49 57.79 <.0001 

Sex  (Male) 73.17% 74.55% 0.54 

Race    0.006 

White 93.89% 91.80% 

Not white 3.40% 6.67% 

Missing 2.72% 1.53% 

Disease Site    0.78 

Larynx 17.83% 18.40% 

Oral Cavity 33.28% 31.74% 

Oropharynx 36.16% 38.42% 

Hypopharynx 3.74% 3.81% 

Other 9.00% 7.63% 

Stage at Diagnosis   0.47 

0 2.04% 1.53% 

1 12.05% 10.87% 

2 11.54% 9.91% 

3 14.26% 13.16% 

4 60.10% 64.54% 

Treatment    0.27 

Surgery alone  21.39% 18.78% 

Surgery + adjuvant radiation  11.21% 10.10% 

Surgery + adjuvant 
chemoradiation  

8.66% 10.20% 

Radiation alone  6.96% 6.01% 

Chemoradiation alone  40.07% 39.18% 

Chemotherapy alone 2.55% 3.34% 

Palliative, unknown  9.17% 12.39% 

HPV status    0.47 

Negative 29.54% 26.79% 

Positive 22.58% 22.88% 

Invalid/Missing 47.88% 50.33% 

ACE Scorea    <.0001 

None 13.41% 33.75% 

Mild 46.86% 41.94% 

Moderate 26.99% 16.97% 

Severe 11.88% 7.15% 

Missing 0.85% 0.19% 

Highest Education   0.008 

Less than high school 4.75% 9.44% 

High school/GED 24.28% 24.79% 

Some College 28.52% 25.83% 

4 yr degree 8.32% 8.96% 

More than 4 year degree 12.05% 8.87% 

Missing 22.07% 22.12% 

BMI    <.0001 

Underweight/Normal Weight 25.64% 43.76% 

Overweight/Obese 1 57.05% 46.04% 

Obese 2/Obese 3 13.75% 8.10% 

Missing 3.57% 2.10% 

Smoking Status    <.0001 
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Current 32.77% 47.95% 

Former 40.24% 25.55% 

Never 23.94% 24.79% 

Missing 3.06% 1.72% 

Drinking Status    <.0001 

Current 55.86% 68.06% 

Former 29.71% 21.16% 

Never 11.04% 9.06% 

Missing 3.40% 1.72% 
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Table 2.2: Multivariable Cox Proportional Hazards Models of Ever Use of Statins and HNSCC Outcomes 

 

 No. of Events Person-Months HR (95% CI)a HR (95% CI)b HR (95% CI)c HR (95% CI)d 

Overall Death 657      

Statin Use       

   No 432 55627.60 1 1 1 1 

   Yes 225 29847.95 0.95 (0.81, 1.11) 0.78 (0.66, 0.92) 0.75 (0.63, 0.88) 0.74 (0.62, 0.88) 

HNSCC Death 379      

Statin Use       

   No 250 55627.60 1 1 1 1 

   Yes 129 29847.95 0.91 (0.74, 1.13) 0.80 (0.64, 0.99) 0.79 (0.63, 0.99) 0.78 (0.61, 0.98) 

Recurrence  495      

Statin Use       

   No 318 34653.14 1 1 1 1 

   Yes 177 19442.40 0.97 (0.81, 1.17) 0.86 (0.71, 1.04) 0.85 (0.70, 1.04) 0.84 (0.69, 1.02) 

a. Unadjusted analysis 
b. Age-adjusted analysis 
c. Adjusted for age, BMI and ACE-27 
d. Adjusted for age, BMI, ACE-27, gender, education, race, smoking status, drinking status and stage of disease (0 or 1, 2, 3, 4) 
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Table 2.3: HPV, Stage and Disease Site Stratified Analysis 

 Never Statin User Ever Statin user 

Effect Modifiers No. of 
Events 

Person 
Months 

HR (95% CI)a No. of 
Events 

Person 
Months 

HR (95% CI)a 

HPV status       

Overall Death       

   HPV-Positive  61 12943.93 1 (REF) 21 7660.39 0.52 (0.31, 0.86) 

   HPV-Negative 131 12916.80 1 (REF) 80 7560.38 0.76 (0.57, 1.02) 

   P for interaction 0.18 

Disease-Specific Death       

   HPV-Positive  38 12943.93 1 (REF) 10 7660.39 0.41 (0.21, 0.84) 

   HPV-Negative 71 12916.80 1 (REF) 52 7560.38 1.04 (0.71, 1.51) 

   P for interaction 0.02 

Recurrence       

   HPV-Positive 55 8814.55 1 (REF) 18 5798.21 0.49 (0.29, 0.84) 

   HPV-Negative 95 8996.63 1 (REF) 68 5028.99 1.03 (0.74, 1.43) 

   P for interaction 0.02 

Stage       

Overall Death       

   Stage 4 313 34729.56 1 (REF) 155 17522 0.68 (0.56, 0.83) 

   Stage 0-3 119 20898.04 1 (REF) 70 12325.95 0.82 (0.61, 1.10) 

   P for interaction 0.32 

Disease-Specific Death       

   Stage 4 195 34729.56 1 (REF) 97 17522 0.74 (0.58, 0.96) 

   Stage 0-3 55 20898.04 1 (REF) 32 12325.95 0.83 (0.54, 1.29) 

   P for interaction 0.67 

Recurrence       

   Stage 4 237 21384.74 1 (REF) 120 11211.86 0.78 (0.62, 0.99) 

   Stage 0-3 81 13268.40 1 (REF) 57 8230.54 0.99 (0.70, 1.39) 

   P for interaction 0.26 

Disease Site       

Overall Death       

   Oropharynx 144 23395.71 1 (REF) 64 12503.82 0.64 (0.48, 0.87) 

   Other site 288 32231.89 1 (REF) 161 17344.13 0.80 (0.66, 0.98) 
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   P for interaction 0.22 

Disease-Specific Death       

   Oropharynx 87 23395.71 1 (REF) 35 12503.82 0.64 (0.43, 0.96) 

   Other site 163 32231.89 1 (REF) 94 17344.13 0.87 (0.67, 1.13) 

   P for interaction 0.21 

Recurrence       

   Oropharynx 111 14423.62 1 (REF) 44 8470.44 0.62 (0.43, 0.88) 

   Other site 207 20229.52 1 (REF) 133 10971.96 0.99 (0.79, 1.24) 

   P for interaction 0.02 
a. Adjusted for Age at diagnosis, BMI and ACE-27 
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Table 2.4: Multivariable Cox Proportional Hazards Models of Ever Use of Statins and HNSCC Outcomes (No Distant 
Metastatic Disease and No Participants Who Died Within 6 Months) 

 

 No. of Events a Person-Months a HR (95% CI) a No. of Events b Person-Months b HR (95% CI) b 

Overall Death 621   553   

Statin Use       

   No 405 54725.72 1 366 55409.12 1 

   Yes 216 29669.65 0.75 (0.63, 0.89) 187 29719.52 0.75 (0.62, 0.90) 

HNSCC Death 349   318   

Statin Use       

   No 228 54725.72 1 209 55409.12 1 

   Yes 121 29669.65 0.79 (0.63, 1.00) 109 29719.52 0.80 (0.63, 1.03) 

Recurrence  461   419   

Statin Use       

   No 291 34379.93 1 264 34621.70 1 

   Yes 170 19378.56 0.88 (0.72, 1.08) 155 19391.87 0.92 (0.74, 1.13) 

a. No patients with distant metastatic disease, adjusted for age, BMI and ACE-27 
b. Excluding patients who died within 6 months of follow-up, adjusted for age, BMI and ACE-27 
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Table 2.5: HPV Stratified Analysis Excluding Patients with Distant Metastatic Disease 

 

 Never Statin User Ever Statin user 

Outcomes No. of 
Events 

Person Months HR (95% CI)a No. of 
Events 

Person Months HR (95% CI)a, 

Overall Death       

HPV status        

   HPV-Positive  57 12550.70 1 19 7614.03 0.49 (0.29, 0.83) 

   HPV-Negative 124 12763.47 1 80 7560.38 0.78 (0.58, 1.05) 

   P for interaction 0.11 

Disease-Specific 
Death 

      

HPV status        

   HPV-Positive  34 12550.70 1 9 7614.03 0.40 (0.19,0.84) 

   HPV-Negative 65 12763.47 1 52 7560.38 1.08 (0.74, 1.59) 

   P for interaction 0.01 

Recurrence        

HPV status        

   HPV-Positive  50 8600.18 1 17 5782.70 0.49 (0.28, 0.86) 

   HPV-Negative 87 8996.37 1 68 5028.99 1.10 (0.79, 1.54) 

   P for interaction 0.01 
a. Adjusted for Age at diagnosis, BMI and ACE-27 
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Table 2.6: HPV Stratified Analysis Using Various Strategies to Account for Missing Data on HPV Status 

 

 Never Statin User Ever Statin user 

Outcomes No. of 
Events 

Person Months HR (95% CI)a No. of 
Events 

Person Months HR (95% CI)a,b 

Overall Death       

HPV status with missing       

   HPV-Positive  61 12943.93 1 (REF) 21 7660.39 0.51 (0.31, 0.85) 

   HPV-Negative 131 12916.80 1 (REF) 80 7560.38 0.76 (0.57, 1.01) 

   HPV-Missing/Invalid 240 29766.87 1 (REF) 124 14627.19 0.81 (0.64, 1.01) 

   P for interaction 0.25 

HPV status IPW       

   HPV-Positive  57 12437.75 1 (REF) 20 7522.4 0.55 (0.32, 0.95) 

   HPV-Negative 126 12641.97 1 (REF) 76 7317.68 0.80 (0.55, 1.18) 

   P for interaction 0.23 

Disease-Specific Death       

HPV status with missing       

   HPV-Positive  38 12943.93 1 (REF) 10 7660.39 0.43 (0.21, 0.86) 

   HPV-Negative 71 12916.80 1 (REF) 52 7560.38 1.02 (0.70, 1.47) 

   HPV-Missing/Invalid 141 29766.87 1 (REF) 67 14627.19 0.77 (0.57, 1.04) 

   P for interaction 0.07 

HPV status IPW       

   HPV-Positive  36 12437.75 1 (REF) 10 7522.4 0.47 (0.22, 0.99) 

   HPV-Negative 69 12641.97 1 (REF) 49 7317.68 0.99 (0.61, 1.62) 

   P for interaction 0.07 

Recurrence        

HPV status with missing       

   HPV-Positive  55 8814.55 1 (REF) 18 5798.21 0.51 (0.30, 0.87) 

   HPV-Negative 95 8996.63 1 (REF) 68 5028.99 1.03 (0.75, 1.42) 

   HPV-Missing/Invalid 168 16841.95 1 (REF) 91 8615.2 0.89 (0.68, 1.15) 

   P for interaction 0.07 

HPV status IPW       

   HPV-Positive  52 8429.93 1 (REF) 17 5725.8 0.53 (0.29, 0.95) 

   HPV-Negative 90 8845.34 1 (REF) 64 4899.45 1.10 (0.73, 1.65) 

   P for interaction 0.03 

a. Adjusted for Age at diagnosis, BMI and ACE-27 
b. Stabilized inverse probability weighted model 
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Table 2.7: Pooled Multivariable Cox Proportional Hazards Models of Ever Use of Statins and HNSCC Outcomes, Utilizing 
Multiple Imputation for Missing Data 

 

 No. of 
Events 

Person-
Months 

HR (95% CI)a HR (95% CI)b HR (95% CI)c HR (95% CI)d HR (95% CI)e 

Overall Death 657       

Statin Use        

   No 432 55627.60 1 1 1 1 1 

   Yes 225 29847.95 0.75 (0.61,0.93) 0.75 (0.61, 0.93) 0.76 (0.61, 0.94) 0.74 (0.60, 0.92) 0.73 (0.60, 0.89) 

HNSCC Death 379       

Statin Use        

   No 250 55627.60 1 1 1 1 1 

   Yes 129 29847.95 0.75 (0.55, 1.02) 0.74 (0.55, 1.01) 0.75 (0.55, 1.02) 0.75 (0.55, 1.02) 0.70 (0.54, 0.91) 

Recurrence  495       

Statin Use        

   No 318 34653.14 1 1 1 1 1 

   Yes 177 19442.40 0.84 (0.65, 1.08) 0.84 (0.65, 1.07) 0.84 (0.65, 1.07) 0.83 (0.65, 1.07) 0.81 (0.65, 1.01) 

a. IPW 
b. IPW (Adjusted for age) 
c. IPW, (Adjusted for age and BMI) 
d. IPW, (Adjusted for age, BMI and ACE-27) 
e. IPW, truncated weight



58 
 

Table 2.8: Pooled HPV, Stratified Analysis 

 Never Statin User Ever Statin user 

  HR (95% CI) HR (95% CI) 

IPW   

Overall Death   

   HPV-Positive  1 (REF) 0.67 (0.45, 1.00) 

   HPV-Negative 1 (REF) 0.77 (0.59, 1.02) 

Disease-Specific Death   

   HPV-Positive  1 (REF) 0.58 (0.32, 1.06) 

   HPV-Negative 1 (REF) 0.80 (0.54, 1.18) 

Recurrence   

   HPV-Positive 1 (REF) 0.67 (0.40, 1.14) 

   HPV-Negative 1 (REF) 0.90 (0.64, 1.27) 

IPW, Age-Adjusted   

Overall Death   

   HPV-Positive  1 (REF) 0.66 (0.45, 0.97) 

   HPV-Negative 1 (REF) 0.78 (0.59, 1.03) 

Disease-Specific Death   

   HPV-Positive  1 (REF) 0.57 (0.32, 1.04) 

   HPV-Negative 1 (REF) 0.80 (0.55, 1.17) 

Recurrence   

   HPV-Positive 1 (REF) 0.67 (0.42, 1.08) 

   HPV-Negative 1 (REF) 0.92 (0.66, 1.27) 

IPW, Age & BMI Adjusted   

Overall Death   

   HPV-Positive  1 (REF) 0.67 (0.46, 0.97) 

   HPV-Negative 1 (REF) 0.79 (0.60, 1.04) 

Disease-Specific Death   

   HPV-Positive  1 (REF) 0.58 (0.32, 1.04) 

   HPV-Negative 1 (REF) 0.81 (0.55, 1.18) 

Recurrence   

   HPV-Positive 1 (REF) 0.67 (0.42, 1.07) 

   HPV-Negative 1 (REF) 0.92 (0.66, 1.28) 

IPW, Age, BMI & ACE-27 Adjusted   

Overall Death   

   HPV-Positive  1 (REF) 0.67 (0.46, 0.98) 

   HPV-Negative 1 (REF) 0.77 (0.58, 1.02) 

Disease-Specific Death   

   HPV-Positive  1 (REF) 0.58 (0.32, 1.04) 

   HPV-Negative 1 (REF) 0.81 (0.55, 1.18) 

Recurrence   

   HPV-Positive 1 (REF) 0.68 (0.43, 1.08) 

   HPV-Negative 1 (REF) 0.91 (0.65, 1.26) 

IPW Truncated   

Overall Death   

   HPV-Positive  1 (REF) 0.64 (0.44, 0.93) 

   HPV-Negative 1 (REF) 0.77 (0.59, 0.99) 

Disease-Specific Death   

   HPV-Positive  1 (REF) 0.49 (0.28, 0.85) 

   HPV-Negative 1 (REF) 0.78 (0.57, 1.08) 

Recurrence   

   HPV-Positive 1 (REF) 0.63 (0.40, 0.996) 

   HPV-Negative 1 (REF) 0.90 (0.67, 1.21) 
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Chapter 3 : The Association between Inflammatory Biomarkers and Statin Use among 
Head and Neck Squamous Cell Carcinoma Patients 

 
 

Abstract  
 

Background: Inflammatory markers such as tumor-infiltrating lymphocytes (TILs) and 

circulating cytokines are found within tumor tissue and blood, respectively. It is well-established 

that strong lymphocyte infiltration is associated with better prognosis, and pro-inflammatory 

cytokines are associated with poorer prognosis for many cancer sites, including head and neck 

squamous cell carcinoma (HNSCC). Statins are a class of cholesterol-lowering drugs that may 

protect against cancer at multiple sites, including HNSCC, but the mechanism of their action 

remains unclear. There is limited literature investigating the association between statin use and 

lymphocyte infiltration in tumors as well as circulating cytokines among cancer patients, 

however, statins’ upregulation of regulatory T-cell activity in other contexts is well-documented. 

Thus we examined the association between statin use and inflammatory biomarkers in a cohort 

of HNSCC patients. 

Methods: A large HNSCC cohort conducted from 2008-2014 collected TILs from previously 

untreated patients from tumor biopsy and circulating cytokines from baseline blood samples. 

Statin use was collected through a retrospective medical record review from the closest medical 

encounter to the patients’ HNSCC diagnosis. TILs (cluster of differentiation 4 (CD4), cluster of 

differentiation 8 (CD8), and forkhead box P3 (FoxP3)) were counted within tumor parenchyma 

on tissue microarrays and presented as number of cells per millimeters squared; in addition, a 

total weighted score (TILws) was created across the three types of TILs. Individual TIL
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measures as well as the TILws were categorized as low or high (i.e., < median or ≥ median) and 

also analyzed continuously.  

Circulating cytokine measures including IFN-, IL-6, IL-8, IL-10, IL-17, GRO, HGF, TNF-, 

VEGF, and TGF were operationalized similarly. Logistic regression models were conducted to 

estimate the odds of high inflammatory biomarker levels (TILs or circulating cytokines) 

comparing patients who used a statin at diagnosis to those who did not, and linear regression 

models explored the association between log-transformed biomarker measures and statin use 

at diagnosis. Multivariable-adjusted (MV-adj) models adjusted for the following variables that 

may confound the association between statin use and inflammatory biomarkers: age, smoking 

status, and ACE-27. 

Results: The total cohort was comprised of 1,042 patients, of which 475 patients had all three 

TILs, and 205 patients had all circulating cytokines measured. There was a suggestive positive 

association between statin use and the TILws, although this association was not statistically 

significant (MV-adj OR=1.15; 95%CI=0.74-1.78). We found similar non-significant positive 

associations for CD4, CD8 and FoxP3 individually. However, we observed a positive 

association between statin use and the TILws among HPV-positive patients (MV-adj OR=2.80; 

95%CI=1.03-7.61). When individual TIL subsets were examined, this positive association with 

the score appeared to be largely driven by an association with FoxP3 (OR=4.15; 95%CI=1.55-

11.14). There did not appear to be a clear association between circulating cytokines and statin 

use among HNSCC patients. 

Conclusion: Our findings suggest that one mechanism by which statins may influence 

prognosis in HNSCC patients whose tumors are HPV-positive is through an effect on TILs, 

particularly FoxP3 levels. Further studies are needed to examine other immune and 

inflammatory markers that predict HNSCC outcomes to further elucidate this potential 

mechanism by which statins may be protecting against poor outcomes in HNSCC patients. 
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Background 
 

 Head and neck squamous cell carcinoma (HNSCC) is a debilitating cancer that can be 

found in the mucosal lining of the aerodigestive tract with prominent sites including the 

nasopharynx, oral cavity, oropharynx, hypopharynx, and larynx.1–3 The main risk factors 

associated with HNSCC development can be delineated into two subgroups: patients with 

human papillomavirus (HPV)-positive tumors and those with HPV-negative tumors, whose risk 

for disease is often attributed to smoking and alcohol drinking. 1 Etiology of disease, underlying 

tumorigenesis, patient characteristics, site of disease, treatment, and prognosis often differ 

between patients with HPV-positive versus HPV-negative tumors.4 

Statins are a class of cholesterol-lowering medications that are often utilized to prevent 

the development or progression of heart disease.5 In addition to their cholesterol-lowering 

attributes, statins possess anti-inflammatory and immunomodulatory actions that may inhibit the 

development or progression of cancer.6  Research has established a protective association 

between the use of statin drugs and the incidence and mortality of cancer at numerous sites, 7,8 

including HNSCC.9–11  Our recently published study similarly found that statins were protective 

for HNSCC outcomes, but this protective association was observed only among patients whose 

tumors were HPV-positive.12 Although the relationship between statin use, cancer development, 

and cancer-related outcomes has been investigated across various cancer sites with promising 

findings, the potential mechanisms by which statins may be exerting their protective effect 

remains unclear, particularly for HNSCC. However, their effects on inflammation and 

immunomodulation that may be responsible for factors that influence the progression and 

development of cancer are largely unknown.13  

Recent research findings suggest that there is an inverse association between the 

number of tumor-infiltrating lymphocytes (TILs) and HNSCC death and recurrence.14,15 Another 

inflammatory marker that potentially influences HSNCC outcomes is the level of circulating 
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cytokines. Previous research has identified that the pro-inflammatory cytokine IL-6 has been 

found to be positively associated with recurrence and death among patients with HNSCC.16  

 Given the established relationship between HNSCC outcomes and both TILs and 

circulating cytokines, as well as the known effects of statins on inflammation and immune 

modulation, this study aimed to identify the association between statin use and these 

inflammatory biomarkers. Through this research, we determined whether statins may be 

influencing HNSCC outcomes through these inflammatory processes. Because patients with 

HPV-positive tumors may have a different immune response and are different etiologically than 

HPV-negative tumors, we explored whether HPV status may modify the association between 

statin use and the presence and quantity of TILs and circulating cytokines.  

Methods 
 

Study Population 
 

Subjects in this study were recruited to participate in the University of Michigan Head 

and Neck Cancer Specialized Program of Research Excellence 2 (SPORE 2). The SPORE 2 

cohort consists of incident HNSCC patients who were diagnosed and/or treated at the University 

of Michigan Rogel Cancer Center from 2008-2014. In order to be eligible to participate in the 

study, patients had to be 18 years or older, their cancer could not have been previously treated, 

and their disease could not be a recurrence of disease (i.e., they had to be free of disease for 5 

years prior to their current diagnosis). A description of the cohort, including study recruitment 

and procedures, has been published previously.16,17 The SPORE 2 cohort consists of 1,042 

participants; complete TILs and statin use information was available for 475 participants, and 

circulating cytokines were measured in 205 participants.  
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Inflammatory Marker Measurements 
 

Tumor-infiltrating lymphocytes (TILs) 

Tumor tissue was collected from previously untreated patients who had tissue available 

from biopsies. TILs (cluster of differentiation 4 (CD4), cluster of differentiation 8 (CD8), and 

forkhead box P3 (FoxP3)) were manually counted within tumor parenchyma on tissue 

microarrays and presented as number of cells per millimeters squared; in addition, a total 

weighted score (TILws) was created combining data across the three cell types of TILs.15 A 

more in-depth explanation about the TILs measurement procedure and creation of variables has 

been previously published.14,15 TILs were measured for CD4 (N=481), CD8 (N=481), FoxP3 

(N=485) and TILws (N=475).  

Circulating Cytokines 

 Circulating cytokines were measured from blood samples collected from participants at 

diagnosis prior to treatment. Cytokines were measured at the University of Michigan Cancer 

Center Immune Monitoring Core using an ELISA kit. A detailed explanation of the procedure to 

measure the circulating cytokines was previously published.16,18 The cytokines measured were 

interferon-gamma (IFN-), interleukin-6 (IL-6), interleukin-8 (IL-8), interleukin-10 (IL-10), 

interleukin-17 (IL-17), growth-related oncogene (GRO), hepatocyte growth factor (HGF), tumor 

necrosis factor-alpha (TNF-), vascular endothelial growth factor (VEGF) and transforming 

growth factor (TGF). Blinded duplicates of study samples for two participants were included as 

quality control samples (coefficients of variation for each circulating cytokine measure are 

displayed in Table 3.1). Samples that exceeded the limit of detection were assigned the 

maximum value. 
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Confounding Variables 
 

 Variables that may confound the association between statin use and biomarkers were 

collected in various ways. Clinical variables such as age (continuous) and comorbidities (none, 

mild, moderate, or severe) measured through the Adult Comorbidity Evaluation 27 score (ACE-

27) were collected through medical record review, whereas potential confounders associated 

with behavior such as smoking status (never, former, current) were collected through a baseline 

health survey. Individuals that were missing the listed potential confounders, specifically 

smoking status (N=20) and ACE-27 (N=4) were assigned to the most common category for the 

TILs analysis; no individuals were missing confounding variables for the cytokines analyses. 

Statin Measurement 
 

Statin use was collected through a retrospective medical record review by trained 

research personnel. Study personnel identified the patient’s initial encounter at the University of 

Michigan hospital for the patient’s HNSCC diagnosis, and medications were recorded from that 

encounter. If the patient did not have medications recorded at the initial encounter, the next 

closest encounter was checked. Medications were recorded from the closest encounter to initial 

diagnosis prior to treatment initiation. If a participant was identified as using a statin at 

diagnosis, s/he was considered a statin user. Data were collected by two reviewers and 

achieved an inter-rater reliability coefficient, Kappa of 95%. Information that was not concordant 

across reviewers was reconciled after comparison. Data was stored in a Research Electronic 

Data Capture (REDCap) database.19  

Statistical Analysis 
 

 Basic descriptive statistics were calculated to identify if demographic and clinical 

characteristics were different for statin users compared to non-statin users at diagnosis. The 

relationship between statin use and inflammatory biomarkers if displayed in Figure 3.1. TIL and 
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cytokine variables were operationalized continuously and categorically. Due to the highly 

skewed distribution of the data toward zero, TILs and cytokine values were log-transformed to 

achieve a more normal distribution. In addition to analyzing this association linearly, based on 

the highly skewed distribution, individual TIL measures and cytokine measures were 

categorized as low or high (i.e. < median or ≥ median). Since TILs and cytokines were 

examined continuously and dichotomously (< median vs. ≥ median), linear and logistic 

regression models were conducted. Multivariable-adjusted (MV-adj) models included the 

following variables that may confound the association between statin use and TILs/cytokines; 

age, smoking status, and ACE-27. Because statin use appeared to be associated with HPV 

status and disease site for participants who had cytokines measured, we conducted models 

adjusting for those variables as well. 

Based on our previous research, we observed an association between statin use and 

HNSCC outcomes, but only among patients whose disease was HPV-positive.12 We, therefore, 

wanted to assess if effect modification by HPV status was present (HPV-positive, HPV-negative, 

HPV status invalid/missing) for the statin-inflammatory marker associations. Statistical 

interaction was evaluated using the likelihood ratio test.   

HPV status was missing for 125 participants who had at least 1 of the TILs biomarkers 

measured and 30 participants who had the circulating cytokines measured. In order to identify if 

these missing values influenced the association of statin use and the TIL measures, we utilized 

various methods to analyze the HPV status as a potential effect modifier. Initially, participants 

who had HPV status missing were excluded from the analysis. We also conducted the analysis 

by including the participants with HPV missing as a separate category. Lastly, we utilized 

inverse probability weighting (IPW) by generating weights to emulate a population where no 

participants are missing HPV status. We created the weights by calculating the probability of 

having HPV status missing by conducting a logistic regression model consisting of variables ( 
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year enrolled in the study, age at diagnosis, gender, smoking status, marital status, stage of 

disease at diagnosis, disease site, ACE-27, drinking status and body mass index (BMI)); this is 

the denominator of the weight. Participants with missing values for the predictors in the logistic 

regression model were dropped from the analysis. The weights were then applied to a logit 

model with a binomial distribution and robust 95% confidence intervals, excluding participants 

who were missing HPV status. This approach was also utilized to assess the potential effect 

modification of HPV status on the association between statin use and the circulating cytokine 

measures. 

Principal Components Analysis (PCA) 
   

Correlations were assessed for both the TIL values (Figure 3.2) and the cytokine 

measures (Figure 3.3). Due to the potential for high correlation between the different cytokine 

measures, we conducted a principal components analysis (PCA) to reduce the number of 

variables (dimensionality) in the models and maintain as much variability as possible.20 Utilizing 

PCA will identify patterns that may allow us to identify cytokines that may exhibit analogous 

behavior and impact the data similarly. Due to the highly skewed nature of the data, the 

circulating cytokine values were log-transformed and standardized. A PCA analysis was 

conducted using an orthogonal rotation which generated eigenvalues and a scree plot (Table 

3.2 and Figure 3.4, respectively). We assessed this information to identify the optimal number of 

factors to explain the most variability. We included 3 factors because the first 3 factors 

explained 86% of the variability in the data and had an eigenvalue of 0.74. 

All analyses were conducted using SAS version 9.4 (Cary, NC). All tests were two-sided, and 

results were considered statistically significant if p<0.05. 
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Results 
 

Descriptive statistics 
 

Presented in Tables 3.3 and 3.4 are the distribution of baseline demographic 

characteristics by statin use for the participants included in the TILs and circulating cytokines 

analyses, respectively. For the TILs analysis, participants who were taking a statin at diagnosis 

(29.32%) appear to be older, more likely to have a higher BMI, higher ACE-27, and are less 

likely to be current smokers compared to non-statin users at baseline. The distribution of 

characteristics among statin users (36.10%) and non-users were slightly different for 

participants who had circulating cytokines measured at baseline. Statin users were older, less 

likely to have larynx or oral cavity as their primary site of disease, more likely to have HPV 

status missing, higher ACE- 27, and less likely to be current smokers compared to participants 

who were not using a statin at diagnosis.  

Multivariable analysis 
 

 When assessing the relationship between statin use and TILs, operationalizing the 

outcome as high vs. low TIL counts, there does not appear to be a clear association between 

statin use and TILs. After adjusting for confounders: age, smoking status and ACE-27, those 

who were taking a statin had a slightly higher odds of having higher TILs but this association 

was not statistically significant for any of the measured TIL values (TILws: [MV-adj OR=1.15; 

95% CI= (0.74, 1.78)]; FoxP3: [MV-adj OR=1.13; 95% CI= (0.74, 1.73)] ;  CD4: [MV-adj 

OR=1.23; 95% CI= (0.80, 1.90)]; CD8: [MV-adj OR=1.10; 95% CI= (0.72, 1.69)]. Similar null 

findings were observed when TILs were log-transformed and examined as a continuous variable 

(Table 3.5). The association between statin use and circulating cytokines was also null (Table 

3.6). 
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Effect modification 
 

 We observed a statistically significant interaction with HPV status such that there was a 

statistically significant positive association between statin use and having a high number of 

FoxP3 (HPV-positive: [MV-adj OR=4.15; 95% CI= (1.55, 11.14)]; HPV-negative: [MV-adj HR= 

0.81; 95% CI= (0.43, 1.52)], p for interaction = 0.003 (Table 3.7)). There was a marginally 

significant association observed for TILws (above the median) among statin users whose 

tumors were HPV-positive (TILws: HPV-positive [MV-adj OR=2.80; 95% CI= (1.03, 7.61)]; HPV-

negative [MV-adj HR= 1.07; 95% CI= (0.57, 2.02)], p for interaction = 0.1 (Table 3.7)), which 

may be driven by FoxP3. Interactions were suggestive, but not statistically significant for the 

association between statin use and CD4 and CD8.  

 When we examined the association between statin use and circulating cytokines, we 

observed no statistically significant interaction between statin use at diagnosis and HPV status 

for any of the individual circulating cytokines except HGF.  Patients who were HPV-positive and 

on a statin at diagnosis had higher odds of having a high level of HGF compared to those who 

had HPV-positive tumors and were not taking a statin, whereas those who were HPV-negative 

and were taking a statin appear to have an inverse relationship with HGF. However, neither of 

the stratum-specific associations were statistically significant (HPV-positive: [MV-adj OR=2.27; 

95% CI= (0.82, 6.27)]; HPV-negative: [MV-adj HR= 0.47; 95% CI= (0.17, 1.31)], p for interaction 

= 0.03 (Table 3.8)).  

Similar findings were observed when the HPV status missing category was included, 

and when using the IPW method; although the associations observed using the IPW method 

were slightly stronger they did not appear to be meaningfully different for both the individual TIL 

and circulating cytokine measures (Tables 3.9 & 3.10).   
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PCA Results 
 

 Due to the high correlation between the individual circulating cytokines, we conducted a 

principal component analysis to reduce the dimensionality (number of variables measured) and 

identify which circulating cytokines would group together. Utilizing an orthogonal rotation, there 

appeared to be 3 factors that explained the majority of the cumulative variance (86%), with the 

lowest eigenvalue 0.74 (Table 3.2). Factor patterns are displayed in Table 3.11, where high 

factor loadings are highlighted in green, medium in yellow, and low in red. When using an 

orthogonal rotation, it appears as though factor 1 has high loadings for IL-6, IL-8, IL-17, HGF 

and TNF-; factor 2 has high loadings for IFN-, IL-10 and GRO; lastly, factor 3 only displays 

high loadings for VEGF. There does not appear to be a clear pattern or biological explanation by 

which these circulating cytokines are grouped together. 

As displayed in Table 3.12, communality factor loadings are quite high; this 

demonstrates that a large proportion of the variance experienced can be explained by the 

presented factors. In order to assess the association between these factors and statin use, we 

operationalized the factors dichotomously at the median and conducted logistic regression 

analysis. There does not appear to be a statistically significant association between the statin 

use and any of the factors presented when they are operationalized utilizing a median split 

(Table 3.13) or when looking at the factor loadings as a continuous measure (Table 3.14). This 

supports the original findings presented above, demonstrating that there does not seem to be 

an association between statin use and circulating cytokines.  

When assessing if HPV status is an effect modifier of the association between statin use 

and the median operationalized PCA factor loadings, there only appeared to be a statistically 

significant association between having high factor loadings for factor 3, which represents the 

high VEGF and statin use at diagnosis among HPV-positive patients  (HPV-positive: [MV-adj 

OR=4.55; 95% CI= (1.60, 12.96)]; HPV-negative: [MV-adj HR= 0.51; 95% CI= (0.19, 1.38)], p 
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for interaction = 0.02 (Table 3.15)). These findings are stronger than the point estimates that 

were observed for this association when looking at VEGF alone. When investigating these 

associations taking the HPV missing category into account or when using the IPW method the 

point estimates do not meaningfully change (Table 3.16). 

Discussion 
 

 In this study, we observed that HNSCC patients taking a statin at the time of diagnosis 

had higher lymphocyte infiltration in their tumors than non-users, but only for HPV-positive 

patients. The strongest association was observed for FoxP3. These findings support that the 

inverse association between statin use and HPV-positive HNSCC previously reported by our 

group may be due to an effect of statins on TILs in patients with HPV-positive tumors.12  

The inflammatory and immunomodulatory effects of cancer are not clearly directional by 

cell type. This effect often depends on the type of cancer, whether there is a presence of 

inflammatory markers and what combination of these markers are beneficial or harmful to 

cancer prognosis.21 Research has established that FoxP3 influences cancer prognosis but the 

directionality of this association differs by cancer type, with certain cancers such as breast, 

cervical, pancreatic and melanoma observing a positive association between FoxP3 infiltration 

and death whereas other cancer sites such as HNSCC, colorectal and esophageal cancers 

observe and inverse association.14,15,22 FoxP3 infiltration appears to have varying impacts on 

cell development and proliferation but the explanation behind why its influences differ by cancer 

sites  is not clearly established.23  

Although, to our knowledge, this is the first study to investigate an association between 

statin use and TILs among HNSCC patients, a study investigating this association among 

patients with colorectal cancer identified similar results. Al-Husein et al. identified a positive 

association between statin use and FoxP3 among patients with colorectal cancer and 
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determined this association was modified by stage of disease.24 Another study by Lee et al. 

found that statins were associated with the increased production of T-cells (“FoxP3 transcription 

factor”) in mice and lung tumor cell lines.25    

Our finding that the statin-TIL association may be limited to patients with HPV-positive 

tumors is plausible given that patients with HPV-positive tumors often have a different immune 

response and may be less immunosuppressed than HNSCC patients with HPV-negative 

disease.26,27 HPV-positive HNSCC has been shown to have a stronger immune response, 

particularly stronger T-cell infiltration, than patients with HPV-negative disease.28,29 One 

possible explanation is that HPV-positive HNSCC is usually found in the oropharynx, 

(specifically the tonsils).29,30 Tonsils are made of lymphatic tissue, which is rich in various 

immunological processes.31 Therefore, one possible explanation for our finding of a statin-TIL 

association only among HPV-positive patients is that the stronger immune response of HNSCC 

patients with HPV-positive disease works synergistically with the anti-inflammatory and 

immunomodulatory actions of statins. Statins may, therefore, improve cancer-related outcomes, 

specifically in HPV-positive patients. 

Although our findings were relatively null for the association between statin use and 

circulating cytokines, other studies have reported statin-cytokine associations, although the 

specific cytokines reported to be associated with statin use were not consistent across studies. 

One previous study identified an inverse association between pro-inflammatory cytokines in 

tissue and serum among patients with colorectal cancer.32 Two studies investigated this 

association in participants with hypercholesterolemia finding a reduction in the pro-inflammatory 

cytokines IL-6 and TNF- for participants on a statin.33,34 In a study that investigated the 

association among a random sample of Swiss adults, the authors reported lower C- reactive 

protein (CRP) concentrations among participants using a statin.35 To our knowledge, our study 

is the first to investigate this association in HNSCC patients.  It is possible our findings differ 
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from those reported previously because cytokine levels may not be as affected by statin use in 

HNSCC patients. It is also possible that the results are different due to the design of the studies. 

The studies that found an association between statin use and circulating cytokine levels utilized 

a more experimental design in which they administered statins to participants and then 

measured circulating cytokine levels pre and post medication administration. Our study uses an 

observational approach which may make it more difficult to identify the true effect of statins on 

circulating cytokines, particularly if the effect is modest. 

Strengths and Limitations 
 

 To our knowledge, this study is the first to assess the association between inflammatory 

biomarkers and statin use among patients with HNSCC. A strength of this study is the amount 

of data we have for each patient and the opportunity we have to integrate biomarker data with 

behavioral, epidemiological and clinical data. This allowed us to test and identify confounders 

and should mitigate bias that may arise due to lack of information from participants. 

 Although this study has many strengths, there are some notable limitations that should 

be addressed in future studies. The sample size for this study is quite small. Not all participants 

within the SPORE 2 cohort had tumor tissue from biopsy available to measure TILs or provided 

a blood sample at baseline to measure circulating cytokines. This may lead to a reduction in 

power, especially when investigating the interaction between statin use and HPV status. Since 

the effect size of the association, particularly for FoxP3, was relatively large, this may not be an 

issue, but as noted by the wide confidence interval, the point estimate may not be precise. 

Future studies investigating this association among a larger study population is necessary. This 

may also help to explain why there did not appear to be a clear relationship between circulating 

cytokines and statin use among HPV-positive patients.  
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There is the potential for selection bias as well. Since not all participants provided 

specimen for biomarker measurement, it is possible that the patients who provided specimen 

were different from those who did not, with regard to the relationship between statin use and 

these biomarker measures. This does not appear to be an issue for the analytic sample who 

have TILs measured. The frequency of participants who were using a statin at diagnosis and 

distribution of the demographic and clinical characteristics between statin users and non-users 

was very similar to what was observed in the entire study population. There did appear to be 

some differences between the sample of participants who had baseline circulating cytokines 

measured compared to the complete study population. There appeared to be slightly more 

males and patients with higher stages of disease, but other factors that may bias the 

associations observed are similarly distributed in the total study population and the analytic 

sample who have baseline circulating cytokines measured. We additionally used IPW to 

emulate a population had no SPORE participants had TILs or circulating cytokines missing. This 

would provide participants who are similar to those who are missing to have larger weights. 

After including these weights, the association between TILs and statin use at diagnosis does not 

meaningfully change (Table 3.17). The point estimates for the association between circulating 

cytokines and statin use do slightly change but the findings still remain relatively null (Table 

3.18). It is possible that selection bias may be an issue for the circulating cytokine measures. 

Another limitation of this study is that the data is cross-sectional. Both the medication 

information and the inflammatory markers were measured at diagnosis prior to cancer 

treatment. This can possibly lead to reverse causation, specifically with the cytokines measures. 

If inflammation and high cholesterol are associated, we may observe a positive association 

between inflammation and statin use if those who have higher levels of pro-inflammatory 

cytokines were taking a statin because of risk factors associated with high cholesterol such as 

coronary heart disease and obesity, but this association is not clearly defined.36–38 It would be 
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very difficult to identify this bias because we do not have information on when statins were 

initiated. We also do not have biomarker information from patients (blood and tumor tissue 

samples) prior to their HNSCC diagnosis. Since we did not appear to observe an association 

between statin use and circulating cytokines or an interaction between HPV status and statin 

use for the majority of the studied cytokines, it is possible this limitation did not affect our study. 

This limitation should not be an issue with TILs because this measurement is based on 

inflammatory markers that are found within the tumor tissue. We would assume that TILs would 

not be influenced by other comorbidities that the patient may have at diagnosis. 

Conclusion 
 

Our findings suggest that one mechanism by which statins may influence prognosis in 

HNSCC patients is through an effect on TILs, particularly FoxP3. This association appears to be 

restricted to HPV-positive patients. Future research investigating this association may shed light 

on the role of type and dose of statin and duration of use with TILs in HNSCC tumors. Additional 

studies are needed to examine other immune and inflammatory markers that predict HNSCC 

outcomes to further elucidate this potential mechanism by which statins may be protecting 

against poor outcomes in HPV-positive HNSCC patients. 
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Chapter 3: Figures/Tables 
 

 

Figure 3.1: Directed Acyclic Graph of the Association between Statins and Inflammatory Biomarkers 
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Figure 3.2: Correlations of TIL Values 
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Figure 3.3: Correlations of Circulating Cytokine Values 
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Figure 3.4: PCA: Scree Plot 
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Table 3.1: Cytokines Coefficient of Variation 

 

  
Cytokines Coefficient of Variation 

  Subject 1 Subject 2 

IFN- 116.22 12.76 

IL-6 14.02 15.55 

IL-8 2.10 4.48 

IL-10 7.21 1.74 

IL-17 7.63 7.29 

GRO 11.04 0 

HGF 8.53 2.46 

TNF- 8.55 15.84 

VEGF 0.37 8.80 

TGF 45.49 12.22 
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Table 3.2: PCA: Eigenvalues 

 

 

 

 

 

 

 

  

 Eigenvalue Proportion Cumulative 

1 5.87 0.65 0.65 

2 1.15 0.13 0.78 

3 0.74 0.08 0.86 

4 0.35 0.04 0.90 

5 0.24 0.03 0.93 

6 0.22 0.02 0.95 

7 0.19 0.02 0.98 

8 0.13 0.01 0.99 

9 0.1 0.01 1.00 
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Table 3.3: Demographic and Clinical Characteristics by Statin Use (TILs Participants) 

 Statin User  
(N=156, 29.32%) 

Non-Statin User 
(N=376, 70.68%) 

P-value 

Age at Diagnosis, years  66.89 58.91 <.0001 

Sex  (Male) 67.95% 71.81% 0.37 

Race    0.45 

White 92.95% 91.49% 

Not white 3.21% 5.59% 

Missing 3.85% 2.93% 

Disease Site    0.78 

Larynx 14.10% 15.16% 

Oral Cavity 47.44% 49.20% 

Oropharynx 30.13% 28.99% 

Hypopharynx 3.21% 3.72% 

Other 5.13% 2.93% 

Stage at Diagnosis   0.997 

0 and 1 13.46% 13.30% 

2 14.74% 15.16% 

3 14.74% 14.10% 

4 57.05% 57.45% 

HPV status    

Negative 48.08% 48.94% 0.73 

Positive 26.28% 28.46% 

Invalid/Missing 25.64% 22.61% 

ACE Score*   

None 11.54% 29.26% <.0001 

Mild 50.00% 47.07% 

Moderate 21.15% 17.55% 

Severe 15.38% 5.85% 

Missing 1.92% 0.27% 

Highest Education   

Less than high school 3.21% 6.65% 0.56 

High school/GED 22.44% 24.20% 

Some College 25.64% 23.67% 

4 yr degree 8.97% 9.04% 

More than 4 year degree 10.90% 7.71% 

Missing 28.85% 28.72% 

BMI    

Underweight/Normal Weight 24.36% 39.36% 0.01 

Overweight/Obese 1 58.33% 47.07% 

Obese 2/Obese 3 12.82% 9.84% 

Missing 4.49% 3.72% 

Smoking Status    

Current 26.28% 48.67% <.0001 

Former 46.79% 25.80% 

Never 21.79% 22.34% 

Missing 5.13% 3.19% 

Drinking Status    

Current 53.21% 64.10% 0.13 

Former 28.85% 21.81% 

Never 12.82% 10.64% 

Missing 5.13% 3.46% 

* Fisher’s exact test p-value, for variables that had cell sizes smaller than 5 
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Table 3.4: Demographic and Clinical Characteristics by Statin Use (Cytokines 
Participants) 

 Statin User  
(N=74, 36.10%) 

Non-Statin User 
(N=131, 63.90%) 

P-value 

Age at Diagnosis, years  63.34 57.55 <0.0001 

Sex  (Male) 78.38% 82.44% 0.48 

Race    0.75* 

White 95.95% 93.89% 

Not white 4.05% 6.11% 

Disease Site    0.05* 

Larynx 16.22% 22.90% 

Oral Cavity 24.32% 31.30% 

Oropharynx 44.59% 40.46% 

Hypopharynx 1.35% 2.29% 

Other 13.51% 3.05% 

Stage at Diagnosis   0.97 

0 and 1 8.11% 6.87%  

2 8.11% 6.87% 

3 16.22% 16.03% 

4 67.57% 70.23% 

HPV status    0.0015 

Negative 35.14% 53.44% 

Positive 39.19% 38.17% 

Invalid/Missing 25.68% 8.40% 

ACE Score   0.0005* 

None 13.51% 34.35% 

Mild 51.35% 41.98% 

Moderate 20.27% 20.61% 

Severe 14.86% 3.05% 

Highest Education   0.53* 

Less than high school 4.05% 6.87% 

High school/GED 25.68% 32.06% 

Some College 27.03% 28.24% 

4 yr degree 14.86% 7.63% 

More than 4 year degree 14.86% 15.27% 

Missing 13.51% 9.92% 

BMI    0.77 

Underweight/Normal Weight 29.73% 33.59% 

Overweight/Obese 1 59.46% 58.02% 

Obese 2/Obese 3 10.81% 8.40% 

Smoking Status    0.08 

Current 29.73% 45.80% 

Former 43.24% 32.82% 

Never 27.03% 21.37% 

Drinking Status    0.63 

Current 64.86% 70.99% 

Former 27.03% 21.37% 

Never 8.11% 7.63% 

* Fisher’s exact test p-value, for variables that had cell sizes smaller than 5 
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Table 3.5: Multivariable Models-TILs 

 

 Crude Model 
Median TILs 

Adjusted Model* 
Median TILs 

Crude Model  
(Log Transformed TILs) 

P Adjusted Model* 
(Log Transformed TILs) 

P 

TILws (N=475)   0.06 (0.14) 0.67 0.09 (0.14) 0.54 

Non-Statin User 1 1     

Statin User 1.20 (0.80, 1.78) 1.15 (0.74, 1.78)     

FoxP3 (N=485)   0.0095 (0.16) 0.95 0.09 (0.17) 0.59 

Non-Statin User 1 1     

Statin User 1.01 (0.69, 1.50) 1.13 (0.74, 1.73)     

CD4 (N=481)   0.058 (0.19) 0.76 0.14 (0.20) 0.50 

Non-Statin User 1 1     

Statin User 1.08 (0.73, 1.59) 1.23 (0.80, 1.90)     

CD8 (N=481)   0.19 (0.18) 0.31 0.12 (0.19) 0.55 

Non-Statin User 1 1     

Statin User 1.19 (0.80, 1.77) 1.10 (0.72, 1.69)     

* Adjusted for Age at diagnosis, Smoking status and ACE-27 
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Table 3.6: Multivariable Models-Cytokines 

N=205 Crude Model 
Median 

Cytokines 

Adjusted 
Model* Median 

Cytokines 

Fully Adjusted 
Modela Median 

Cytokines 

Crude Model  
(Log 

Transformed 
Cytokines) 

P Adjusted 
Model* 

(Log 
Transformed 
Cytokines) 

P Fully 
Adjusted 

Modela (Log 
Transformed 
Cytokines) 

P 

IFN-    0.12 (0.46) 0.79 0.09 (0.51) 0.85 0.07 (0.54) 0.89 

Non-Statin User 1 1 1       

Statin User 1.17 (0.66, 2.06) 1.19 (0.64, 2.22) 1.15 (0.60, 2.22)       

IL-6c    0.11 (0.32) 0.73 0.17 (0.35) 0.63 0.08 (0.37) 0.82 

Non-Statin User 1 1 1       

Statin User 0.79 (0.45, 1.39) 0.79 (0.43, 1.48) 0.76 (0.39, 1.46)       

IL-8    0.21 (0.18) 0.25 0.21 (0.20) 0.30 0.15 (0.21) 0.47 

Non-Statin User 1 1 1       

Statin User 1.74 (0.97, 3.09) 1.62 (0.87, 3.03) 1.46 (0.75, 2.83)       

IL-10 c    0.20 (0.39) 0.61 0.32 (0.42) 0.44 0.18 (0.44) 0.68 

Non-Statin User 1 1 1       

Statin User 0.93 (0.53, 1.65) 1.01 (0.54, 1.88) 0.97 (0.50, 1.88)       

IL-17b    0.77 (0.42) 0.07 0.87 (0.45) 0.06 0.67 (0.48) 0.16 

Non-Statin User 1 1 1       

Statin User 1.71 (0.89, 3.30) 1.91 (0.91, 3.97) 1.64 (0.76, 3.56)       

GRO    0.07 (0.26) 0.80 0.05 (0.28) 0.84 0.01 (0.29) 0.97 

Non-Statin User 1 1 1       

Statin User 1.17 (0.66, 2.06) 1.21 (0.65, 2.28) 1.09 (0.56, 2.13)       

HGF    0.31 (0.12) 0.01 0.24 (0.13) 0.08 0.22 (0.14) 0.13 

Non-Statin User 1 1 1       

Statin User 1.07 (0.61, 1.90) 0.99 (0.53, 1.86) 1.01 (0.52, 1.96)       

TNF- b    0.38 (0.36) 0.30 0.42 (0.39) 0.28 0.34 (0.42) 0.41 

Non-Statin User 1 1 1       

Statin User 1.05 (0.58, 1.90) 1.04 (0.55, 1.98) 1.01 (0.51, 1.98)       

VEGF    0.07 (0.23) 0.77 0.21 (0.25) 0.40 0.23 (0.26) 0.38 

Non-Statin User 1 1 1       

Statin User 1.51 (0.85, 2.67) 1.37 (0.73, 2.57) 1.31 (0.67, 2.55)       

TGF    -0.05 (0.07) 0.49 0.006 (0.08) 0.94 -0.001 (0.08) 0.99 

Non-Statin User 1 1 1       

Statin User 0.76 (0.43, 1.35) 0.94 (0.50, 1.78) 0.95 (0.92, 0.99)       

* Adjusted for Age at diagnosis, Smoking status and ACE-27 
a. Adjusted for Age at diagnosis, Smoking status, ACE-27, HPV status and disease site 
b. Due to excess zeros a median split of the data results in a zero vs non-zero split 
c. Low cytokines category ≤ median 
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Table 3.7: HPV-Stratified TILs Models (Dropping Missing HPV Status) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

* Adjusted for Age at diagnosis, Smoking status and ACE-27

 # of Events  Non-Statin User # of Events Statin User 

  OR (95% CI)*  OR (95% CI)* 

TILws 

   HPV status w/o missing     

   HPV-Positive  64 1 (REF) 29 2.80 (1.03, 7.61) 

   HPV-Negative 72 1 (REF) 31 1.07 (0.57, 2.02) 

P for interaction 0.1 

FoxP3 

   HPV status w/o missing     

   HPV-Positive  59 1 (REF) 32 4.15 (1.55, 11.14) 

   HPV-Negative 81 1 (REF) 27 0.81 (0.43, 1.52) 

P for interaction 0.003 

CD4 

   HPV status w/o missing     

   HPV-Positive  62 1 (REF) 29 2.42 (1.00, 5.86) 

   HPV-Negative 73 1 (REF) 32 1.42 (0.75, 2.69) 

P for interaction 0.32 

CD8 

   HPV status w/o missing     

   HPV-Positive  63 1 (REF) 29 1.84 (0.75, 4.55) 

   HPV-Negative 64 1 (REF) 30 1.10 (0.58, 2.07) 

P for interaction 0.34 
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Table 3.8: HPV-Stratified Cytokines Models (Dropping Missing HPV Status) 

 Non-Statin User Statin User 

 # of Events OR (95% CI)* # of Events OR (95% CI)* 

IFN-

   HPV status w/o missing     

   HPV-Positive  24 1 (REF) 15 1.32 (0.50, 3.49) 

   HPV-Negative 34 1 (REF) 14 1.30 (0.50, 3.42) 

P for interaction 1 

IL-6 

   HPV status w/o missing     

   HPV-Positive  22 1 (REF) 14 1.32 (0.50, 3.51) 

   HPV-Negative 38 1 (REF) 13 0.77 (0.29, 2.02) 

P for interaction 0.42 

IL-8 

   HPV status w/o missing     

   HPV-Positive  21 1 (REF) 17 1.96 (0.73, 5.27) 

   HPV-Negative 33 1 (REF) 14 1.14 (0.44, 2.99) 

P for interaction 0.43 

IL-10 

   HPV status w/o missing     

   HPV-Positive  26 1 (REF) 16 1.27 (0.48, 3.39) 

   HPV-Negative 35 1 (REF) 11 0.80 (0.30, 2.13) 

P for interaction 0.50 

IL-17 

   HPV status w/o missing     

   HPV-Positive  9 1 (REF) 11 3.95 (1.26, 12.38) 

   HPV-Negative 11 1 (REF) 5 1.29 (0.36, 4.67) 

P for interaction 0.17 

GRO 

   HPV status w/o missing     

   HPV-Positive  25 1 (REF) 16 1.39 (0.52, 3.72) 

   HPV-Negative 33 1 (REF) 12 0.95 (0.36, 2.53) 

P for interaction 0.58 

HGF 

   HPV status w/o missing     

   HPV-Positive  20 1 (REF) 16 2.27 (0.82, 6.27) 

   HPV-Negative 38 1 (REF) 11 0.47 (0.17, 1.31) 

P for interaction 0.03 

TNF

   HPV status w/o missing     

   HPV-Positive  16 1 (REF) 12 1.69 (0.62, 4.64) 

   HPV-Negative 26 1 (REF) 8 0.73 (0.26, 2.05) 

P for interaction 0.23 

VEGF 

   HPV status w/o missing     

   HPV-Positive  22 1 (REF) 19 2.46 (0.90, 6.78) 

   HPV-Negative 32 1 (REF) 11 0.76 (0.28, 2.02) 

P for interaction 0.09 

TGF 

   HPV status w/o missing     

   HPV-Positive  28 1 (REF) 14 1.13 (0.41, 3.08) 

   HPV-Negative 34 1 (REF) 12 0.88 (0.32, 2.42) 

P for interaction 0.73 

* Adjusted for Age at diagnosis, Smoking status and ACE-27 
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Table 3.9: HPV Stratified Analysis Using Various Strategies to Account for Missing HPV 
Status (TILs) 

 Non-Statin User Statin User 

Outcomes No. of 
Events 

OR (95% CI)a No. of 
Events 

OR (95% CI)a,b 

TILws 

HPV status with missing     

   HPV-Positive  64 1 (REF) 29 2.60 (0.96, 7.02) 

   HPV-Negative 72 1 (REF) 31 0.93 (0.50, 1.74) 

   HPV-Missing/Invalid 29 1 (REF) 13 0.87 (0.37, 2.03) 

HPV status IPW     

   HPV-Positive  57 1 (REF) 27 3.16 (1.06, 9.47) 

   HPV-Negative 70 1 (REF) 31 1.02 (0.51, 2.05) 

FoxP3 

HPV status with missing     

   HPV-Positive  59 1 (REF) 32 3.83 (1.44, 10.18) 

   HPV-Negative 81 1 (REF) 27 0.74 (0.40, 1.37) 

   HPV-Missing/Invalid 32 1 (REF) 12 0.81 (0.35, 1.88) 

HPV status IPW     

   HPV-Positive  52 1 (REF) 30 5.51 (1.91, 15.86) 

   HPV-Negative 79 1 (REF) 26 0.66 (0.34, 1.30) 

CD4  

HPV status with missing     

   HPV-Positive  62 1 (REF) 29 2.14 (0.89, 5.14) 

   HPV-Negative 73 1 (REF) 32 1.20 (0.65, 2.22) 

   HPV-Missing/Invalid 33 1 (REF) 12 0.74 (0.32, 1.72) 

HPV status IPW     

   HPV-Positive  57 1 (REF) 27 2.47 (0.98, 6.22) 

   HPV-Negative 69 1 (REF) 31 1.29 (0.64, 2.62) 

CD8 

HPV status with missing     

   HPV-Positive  63 1 (REF) 29 1.85 (0.75, 4.55) 

   HPV-Negative 64 1 (REF) 30 1.06 (0.57, 1.97) 

   HPV-Missing/Invalid 39 1 (REF) 16 0.69 (0.31, 1.55) 

HPV status IPW     

   HPV-Positive  57 1 (REF) 27 2.22 (0.82, 6.01) 

   HPV-Negative 62 1 (REF) 29 1.12 (0.56, 2.22) 

a. Adjusted for Age at diagnosis, Smoking status and ACE-27 
b. Inverse probability weighted model 
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Table 3.10: HPV Stratified Analysis Using Various Strategies to Account for Missing HPV 
Status (Cytokines) 

 Non-Statin User Statin User 

Outcomes No. of 
Events 

OR (95% CI)a No. of 
Events 

OR (95% CI)a,b 

IFN-

HPV status with missing     

   HPV-Positive  24 1 (REF) 15 1.20 (0.46, 3.17) 

   HPV-Negative 34 1 (REF) 14 1.29 (0.50, 3.33) 

   HPV-Missing/Invalid 6 1 (REF) 10 0.997 (0.22, 4.55) 

HPV status IPW     

   HPV-Positive  24 1 (REF) 15 1.35 (0.49, 3.72) 

   HPV-Negative 34 1 (REF) 14 1.23 (0.46, 3.28) 

IL-6 

HPV status with missing     

   HPV-Positive  22 1 (REF) 14 1.32 (0.50, 3.49) 

   HPV-Negative 38 1 (REF) 13 0.83 (0.32, 2.17) 

   HPV-Missing/Invalid 8 1 (REF) 7 0.22 (0.04, 1.15) 

HPV status IPW     

   HPV-Positive  22 1 (REF) 14 1.48 (0.56, 3.94) 

   HPV-Negative 37 1 (REF) 13 1.03 (0.36, 2.90) 

IL-8 

HPV status with missing     

   HPV-Positive  21 1 (REF) 17 1.87 (0.70, 4.98) 

   HPV-Negative 33 1 (REF) 14 1.19 (0.46, 3.07) 

   HPV-Missing/Invalid 6 1 (REF) 13 1.68 (0.35, 7.95) 

HPV status IPW     

   HPV-Positive  21 1 (REF) 17 2.17 (0.80, 5.92) 

   HPV-Negative 32 1 (REF) 14 1.50 (0.54, 4.16) 

IL-10 

HPV status with missing     

   HPV-Positive  26 1 (REF) 16 1.18 (0.44, 3.12) 

   HPV-Negative 35 1 (REF) 11 0.78 (0.30, 2.05) 

   HPV-Missing/Invalid 5 1 (REF) 9 1.26 (0.27, 5.84) 

HPV status IPW     

   HPV-Positive  26 1 (REF) 16 1.31 (0.47, 3.63) 

   HPV-Negative 35 1 (REF) 11 0.81 (0.30, 2.17) 

IL-17 

HPV status with missing     

   HPV-Positive  9 1 (REF) 11 3.69 (1.20, 11.38) 

   HPV-Negative 11 1 (REF) 5 1.39 (0.40, 4.84) 

   HPV-Missing/Invalid 6 1 (REF) 6 0.41 (0.09, 1.99) 

HPV status IPW     

   HPV-Positive  9 1 (REF) 11 3.82 (1.17, 12.51) 

   HPV-Negative 11 1 (REF) 5 1.69 (0.42, 6.78) 

GRO 

HPV status with missing     

   HPV-Positive  25 1 (REF) 16 1.32 (0.49, 3.54) 

   HPV-Negative 33 1 (REF) 12 0.99 (0.38, 2.59) 

   HPV-Missing/Invalid 6 1 (REF) 11 1.21 (0.26, 5.71) 

HPV status IPW     

   HPV-Positive  25 1 (REF) 16 1.41 (0.51, 3.92) 

   HPV-Negative 33 1 (REF) 12 1.02 (0.37, 2.80) 
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HGF 

HPV status with missing     

   HPV-Positive  20 1 (REF) 16 2.11 (0.78, 5.73) 

   HPV-Negative 38 1 (REF) 11 0.49 (0.18, 1.33) 

   HPV-Missing/Invalid 7 1 (REF) 11 0.65 (0.14, 3.15) 

HPV status IPW     

   HPV-Positive  20 1 (REF) 16 2.23 (0.83, 5.95) 

   HPV-Negative 37 1 (REF) 11 0.64 (0.20, 2.06) 

TNF-

HPV status with missing     

   HPV-Positive  16 1 (REF) 12 1.59 (0.58, 4.35) 

   HPV-Negative 26 1 (REF) 8 0.74 (0.27, 2.04) 

   HPV-Missing/Invalid 6 1 (REF) 8 0.64 (0.14, 2.95) 

HPV status IPW     

   HPV-Positive  16 1 (REF) 12 1.67 (0.58, 4.86) 

   HPV-Negative 25 1 (REF) 8 0.88 (0.29, 2.73) 

VEGF 

HPV status with missing     

   HPV-Positive  22 1 (REF) 19 2.32 (0.85, 6.32) 

   HPV-Negative 32 1 (REF) 11 0.74 (0.28, 1.95) 

   HPV-Missing/Invalid 7 1 (REF) 12 0.998 (0.21, 4.81) 

HPV status IPW     

   HPV-Positive  22 1 (REF) 19 2.82 (1.07, 7.44) 

   HPV-Negative 31 1 (REF) 11 0.64 (0.22, 1.84) 

TGF 

HPV status with missing     

   HPV-Positive  28 1 (REF) 14 1.14 (0.42, 3.05) 

   HPV-Negative 34 1 (REF) 12 0.99 (0.37, 2.66) 

   HPV-Missing/Invalid 7 1 (REF) 8 0.40 (0.08, 1.91) 

HPV status IPW     

   HPV-Positive  28 1 (REF) 14 1.25 (0.47, 3.35) 

   HPV-Negative 34 1 (REF) 12 0.80 (0.30, 2.16) 

a. Adjusted for Age at diagnosis, Smoking status and ACE-27 
b. Inverse probability weighted model 
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Table 3.11: PCA: Factor Patterns (3 Factors) 

 Non-Rotated Factor Pattern Orthogonally Rotated Factor Pattern 

 Factor 1 Factor 2 Factor 3 Factor 1 Factor 2 Factor 3 

IFN- 0.76028  0.54601 -0.06271 0.25797 0.89390 0.12031 

IL-6 0.90171   -0.16415 -0.09179 0.80381 0.41915 0.16325 

IL-8 0.78838   -0.30819 0.03575 0.77488 0.22091 0.26185 

IL-10 0.85849  0.39193 0.02470 0.40478 0.81898 0.23802 

IL-17 0.85832   -0.25813 -0.16325 0.84544 0.32810 0.08711 

GRO 0.75615  0.54284 -0.09241 0.26395 0.89278 0.09078 

HGF 0.80145   -0.42410 -0.09475 0.88681 0.15378 0.14522 

TNF- 0.92307   -0.20291 -0.10222 0.84605 0.40252 0.16078 

VEGF 0.56367   -0.03958 0.81847 0.25235 0.19829 0.94137 

High factor loadings= green 
Medium factor loadings=yellow 
Low factor loadings=red 
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Table 3.12: PCA: Final Communality Factor Loadings 

Cytokine Final Communality Factor 
Loadings 

IFN- 0.880 

IL-6 0.848 

IL-8 0.718 

IL-10 0.891 

IL-17 0.830 

GRO 0.875 

HGF 0.831 

TNF- 0.904 

VEGF 0.989 
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Table 3.13: Logistic Regression: Association between Cytokine PCA Factor Patterns and 
Statin Use at Diagnosis 

Factors 
(Median Split) 

Logistic Regression, OR (95% CI) 

 Unadjusted Adjusted* 

Factor 1 1.51 (0.85, 2.67) 1.36 (0.73, 2.53) 

Factor 2 1.17 (0.66, 2.06) 1.16 (0.62, 2.17) 

Factor 3 1.27 (0.72, 2.25) 1.38 (0.74, 2.58) 

* Adjusted for age at diagnosis, smoking status and ACE-27 
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Table 3.14: Linear Regression: Association between Cytokine PCA Factor Patterns and 
Statin Use at Diagnosis 

Factors 
(Continuous) 

Linear Regression, Beta (SE) 

 Unadjusted p-value Adjusted* p-value 

Factor 1 0.27 (0.14) 0.06 0.25 (0.16) 0.12 

Factor 2 -0.06 (0.15) 0.70 -0.04 (0.16) 0.78 

Factor 3 -0.02 (0.15) 0.87 0.07 (0.16) 0.64 

* Adjusted for age at diagnosis, smoking status and ACE-27 
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Table 3.15: HPV-Stratified Cytokine PCA Factor Patterns Models (Dropping Missing HPV 
Status) 

 Non-Statin User Statin User 

 # of Events OR (95% CI)* # of Events OR (95% CI)* 

Factor 1

   HPV status w/o missing     

   HPV-Positive  20 1 (REF) 18 2.13 (0.78, 5.81) 

   HPV-Negative 32 1 (REF) 13 1.04 (0.39, 2.75) 

P for interaction 0.30 

Factor 2 

   HPV status w/o missing     

   HPV-Positive  27 1 (REF) 15 0.96 (0.36, 2.56) 

   HPV-Negative 32 1 (REF) 15 1.63 (0.61, 4.31) 

P for interaction 0.44 

Factor 3 

   HPV status w/o missing     

   HPV-Positive  19 1 (REF) 20 4.55 (1.60, 12.96) 

   HPV-Negative 40 1 (REF) 10 0.51 (0.19, 1.38) 

P for interaction 0.002 

* Adjusted for Age at diagnosis, Smoking status and ACE-27 
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Table 3.16: HPV Stratified Analysis Using Various Strategies to Account for Missing HPV 
Status (Cytokine PCA Factor Patterns) 

 Non-Statin User Statin User 

 # of Events OR (95% CI)* # of Events OR (95% CI)* 

Factor 1

   HPV status with missing     

   HPV-Positive  20 1 (REF) 18 2.14 (0.79, 5.75) 

   HPV-Negative 32 1 (REF) 13 1.11 (0.43, 2.88) 

   HPV-Missing 9 1 (REF) 11 0.27 (0.04, 1.62) 

   HPV status IPW     

   HPV-Positive  20 1 (REF) 18 2.28 (0.84, 6.18) 

   HPV-Negative 31 1 (REF) 13 1.25 (0.44, 3.54) 

Factor 2 

   HPV status with missing     

   HPV-Positive  27 1 (REF) 15 0.88 (0.33, 2.35) 

   HPV-Negative 32 1 (REF) 15 1.60 (0.61, 4.19) 

   HPV-Missing 5 1 (REF) 9 1.09 (0.23, 5.07) 

   HPV status IPW     

   HPV-Positive  27 1 (REF) 15 1.01 (0.36, 2.83) 

   HPV-Negative 32 1 (REF) 15 1.69 (0.62, 4.55) 

Factor 3 

   HPV status with missing     

   HPV-Positive  19 1 (REF) 20 4.18 (1.49, 11.78) 

   HPV-Negative 40 1 (REF) 10 0.47 (0.18, 1.25) 

   HPV-Missing 4 1 (REF) 10 2.06 (0.43, 9.90) 

   HPV status IPW     

   HPV-Positive  19 1 (REF) 20 4.97 (1.80, 13.78) 

   HPV-Negative 40 1 (REF) 10 0.43 (0.15, 1.18) 

* Adjusted for Age at diagnosis, Smoking status and ACE-27 
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Table 3.17: Multivariable Models: TILs Using IPW to Account for Missing Values 

 Crude Model 
Median TILs 

Adjusted Model* 
Median TILs 

TILws (N=427)   

Non-Statin User 1 1 

Statin User 1.06 (0.67, 1.68) 1.08 (0.65, 1.80) 

FoxP3 (N=437)   

Non-Statin User 1 1 

Statin User 1.08 (0.69, 1.70) 1.23 (0.75, 2.01) 

CD4 (N=433)   

Non-Statin User 1 1 

Statin User 1.06 (0.67, 1.67) 1.21 (0.74, 1.98) 

CD8a (N=433)   

Non-Statin User 1 1 

Statin User 1.11 (0.70, 1.75) 1.05 (0.64, 1.74) 

* Adjusted for Age at diagnosis, Smoking status and ACE-27 
a. Low TILs category ≤ median 
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Table 3.18: Multivariable Models: Cytokines Using IPW to Account for Missing Values 

 Crude Model Median 
Cytokines 

Adjusted Model* Median 
Cytokines 

IFN- (N=204)   

Non-Statin User 1 1 

Statin User 0.78 (0.41, 1.51) 0.76 (0.37, 1.56) 

IL-6 (N=204) a   

Non-Statin User 1 1 

Statin User 0.76 (0.40, 1.45) 0.88 (0.45, 1.75) 

IL-8 (N=204)   

Non-Statin User 1 1 

Statin User 1.73 (0.89, 3.38) 1.87 (0.91, 3.82) 

IL-10 (N=204)a   

Non-Statin User 1 1 

Statin User 0.72 (0.38, 1.38) 0.80 (0.38, 1.68) 

IL-17 (N=204)b   

Non-Statin User 1 1 

Statin User 1.36 (0.64, 2.89) 1.63 (0.70, 3.77) 

GRO (N=204)   

Non-Statin User 1 1 

Statin User 0.86 (0.45, 1.66) 0.84 (0.40, 1.75) 

HGF (N=204)   

Non-Statin User 1 1 

Statin User 0.84 (0.44, 1.62) 0.81 (0.40, 1.66) 

TNF-  (N=204) b   

Non-Statin User 1 1 

Statin User 0.74 (0.38, 1.45) 0.74 (0.34, 1.60) 

VEGF  (N=204)   

Non-Statin User 1 1 

Statin User 1.28 (0.66, 2.48) 1.29 (0.64, 2.61) 

TGF  (N=204)   

Non-Statin User 1 1 

Statin User 0.91 (0.47, 1.76) 1.02 (0.49, 2.14) 

* Adjusted for Age at diagnosis, Smoking status and ACE-27 
a. Median split is ≤ Median, =0; >Median=1 
b. Due to excess zeros a median split of the data results in a zero vs non-zero 
split 
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Chapter 4 : Association between Blood Lipid Levels and Head and Neck Squamous Cell 
Carcinoma Risk and Outcomes: A Mendelian Randomization Analysis 

 

 

Abstract 
 

Background: The protective association observed between statin use and head and neck 

squamous cell carcinoma (HNSCC) outcomes and risk of disease may be related to circulating 

cholesterol levels. Previous research has not clearly established how cholesterol levels 

influence cancer risk and outcomes, and it often appears to depend on the site of disease. The 

objective of this study is to explore whether cholesterol may be the mechanism by which statins 

exert any observed influence on HNSCC risk or outcomes through Mendelian randomization 

analysis; utilizing genetic variants to create instruments that predict hypercholesterolemia (total 

cholesterol (TC), high-density lipoprotein (HDL), low-density lipoprotein (LDL) and triglycerides 

(TG)). 

Methods: A case-control study was conducted among incident HNSCC patients diagnosed 

and/or treated at the University of Michigan Rogel Cancer Center and controls who did not have 

a HNSCC diagnosis, using a 1 to 3 match. We matched on age, gender, and race/ethnicity. 

Both cases and controls agreed to participate in the Michigan Genomics Initiative. The analytic 

cohort consisted of 864 participants (Cases=216 and Controls=648). Instruments were 

calculated for each cholesterol-related measure using single nucleotide polymorphisms (SNPs) 

that are statistically significantly associated with TC, LDL, HDL, and TG. Unconditional logistic 

regression analysis was conducted to estimate the association between cholesterol-related 

instruments and the risk of developing HNSCC. Cox proportional hazard models were utilized to
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estimate the association between the cholesterol-related instruments, and HNSCC outcomes 

(overall death, disease-specific death, and recurrence) among cases. 

Results: There does not appear to be an association between any of the cholesterol measures 

and risk of developing HNSCC, with the point estimates for all of the instruments relatively null; 

[(TC: OR=0.99, 95% CI=0.85, 1.15); (HDL: OR=1.01, 95% CI=0.87, 1.18); (LDL: OR=1.02, 95% 

CI=0.87, 1.19); (TG: OR=1.00, 95% CI=0.86, 1.17)]. There did appear to be a positive 

association between TC and overall death, and recurrence [(overall death: HR=1.36, 95% 

CI=1.01, 1.83); (recurrence: HR=1.30, 95% CI=0.98, 1.73)] and an inverse association was 

observed between TG and overall death and disease-specific death; [(overall death: HR=0.75, 

95% CI=0.57, 0.99); (disease-specific death: HR=0.71, 95% CI=0.51, 0.98)]. HPV-status did not 

seem to modify any of the associations between the cholesterol-related instruments, and 

HNSCC risk or outcomes. 

Conclusion: The findings from this study support a null association between circulating 

cholesterol levels and risk of HNSCC. Although there did appear to be an association between 

TC and TG, with HNSCC outcomes, given the small study sample, the findings are not precise. 

HPV status does not appear to modify the association between cholesterol levels and HNSCC 

risk, or outcomes. Future research investigating the association between circulating cholesterol 

levels and HNSCC outcomes in a larger, more diverse population of HNSCC patients is 

necessary in order to validate the presented study results.   
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Background 
 

 Statin drugs have various health effects including, anti-inflammation, immunomodulation 

but most notably cholesterol-lowering.1 Cholesterol’s effect on coronary heart disease is well 

established as detrimental, but the influence of cholesterol on cancer risk and outcomes 

associated with cancer is not as clear.2 Statin use has been identified as having protective 

effects against cancer-related outcomes among patients suffering from disease in various 

sites.3,4 More recently, research has identified a protective association between the use of statin 

drugs and HNSCC risk and outcomes 5–8, but the mechanism by which statins influence HNSCC 

risk and outcomes are not clearly established.  

 There are various biological explanations why cholesterol-lowering may be the 

mechanism by which statins inhibit cancer. These mechanisms are known to be related to 

cancer development at different disease sites (prostate, lung, breast, gastrointestinal, etc.), 

specifically the AKT pathway and hormones both of which are related to cholesterol through 

sterol-regulatory element-binding protein, an essential element in the regulation of cholesterol.9–

11 To our knowledge, the relationship between these pathways and cholesterol has not been 

investigated in patients with HNSCC. Epidemiologic studies have investigated the relationship 

between cholesterol and cancer risk across various cancer sites. Most studies have utilized 

observational designs but the results are not consistent and may be biased.12 In particular, 

protective findings between high cholesterol and risk of cancer may be due to reverse 

causation.13 Although there have been a plethora of studies investigating the association 

between circulating cholesterol levels and cancer at various sites, the literature is limited when 

exploring this association among patients with HNSCC.  

The impact of HNSCC on patients with advanced disease can be quite devastating, with 

traditional treatment options including surgical excision of disease, chemotherapy, and 

radiation.14 The behavioral or tertiary prevention recommendations are limited to smoking 
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cessation, which may not be applicable to all patients, specifically those with HPV-positive 

tumors who are less likely to smoke than patients with HPV-negative disease.15 HPV- positive 

disease is becoming more prevalent in the United States in recent decades, whereas there has 

been a decrease in HNSCC sites that are associated with HPV-negative disease due to the 

drop in tobacco use.16,17 Therefore, it is important to identify other behavioral or interventional 

approaches to improve HNSCC risk and prognosis due to this shift in disease etiology. If 

cholesterol levels are found to be associated with HNSCC risk and outcomes, it may be a health 

condition that can be prevented or mitigated through behavioral changes or medicinal 

intervention. 

Identifying the impact of cholesterol as a mechanism to reduce HNSCC risk and 

outcomes may be beneficial for patients who may not tolerate the use of statin drugs. Statins, 

although relatively safe, have various adverse effects in some patients ranging from muscle 

pain and liver issues to increased risk of type 2 diabetes.18,19 If the mechanism by which statins 

improve HNSCC risk and outcomes is through cholesterol-lowering, the use of other 

cholesterol-lowering medications may be an alternative treatment option for patients who may 

not be able to use statin drugs. 

Given the presented limitations and mixed findings from research conducted previously 

investigating the relationship between cholesterol and cancer development in observational 

studies, conducting a Mendelian randomization analysis may assist with mitigating this potential 

bias. Through utilization of an instrumental variable approach, the issue of temporality may be 

eliminated due to the guarantee that the instrument (genetics) precedes the outcome. The 

objective of this study is to explore whether cholesterol may be the mechanism by which statins 

exert any observed influence on HNSCC risk or outcomes. We will use genetic data from the 

Michigan Genomics Initiative (MGI) to conduct a Mendelian randomization analysis examining 

the association between genetic variants through instruments that predict hypercholesterolemia 
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(high-density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides (TG) and total 

cholesterol (TC)) and risk of developing HNSCC and outcomes among HNSCC patients. Given 

that HNSCC patients with HPV-positive disease have different patient characteristics and a 

dissimilar etiology of disease than HPV-negative patients, it is important to investigate these 

patients separately. 

Methods 
 

Study Population 
 

A case-control study was conducted among a subset of incident HNSCC patients who 

agreed to participate in both the University of Michigan Head and Neck Cancer Specialized 

Program of Research Excellence (HNC SPORE), a longitudinal epidemiological study of 

HNSCC outcomes, and the MGI. HNC SPORE participants were recruited from 2003-2014, and 

HNSCC diagnosis was identified through medical record review of new patients visiting the 

University of Michigan Rogel Cancer Center for their HNSCC diagnosis with biopsy-confirmed 

disease. Outcomes information for cases were identified through yearly review of medical 

records for disease recurrence and progression. Overall death and disease-specific death were 

identified through medical record review; if this information was not available through the 

patient’s medical record, the national social security death index and LexisNexis database were 

checked.  All outcomes information was collected by trained study personnel and was reviewed 

by physicians for accuracy. Participants’ outcome information was collected and updated 

through April 2016. Of the 216 patients with HNSCC in the final analytic sample, about 25.9% 

died of any cause (N=56), 18.1% died of HNSCC (N=39), and 25.9% (N=56) experienced 

recurrence, which is defined as never being free of disease after diagnosis or experiencing a 

local, regional or distant recurrence of disease. Additional information about the HNC SPORE 

cohort study recruitment and data collection was previously published.20,21 
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 Of the 1,648 HNC SPORE participants, 228 also agreed to participate in the MGI. The MGI 

is a project that approached all patients who were undergoing procedures that require 

anesthesia at the University of Michigan starting in 2012.22  Patients who agreed to participate in 

the MGI were asked to provide consent to collect blood to perform whole-genome sequencing 

using a customized Illumina Infinium CoreExome-24 bead arrays.22 Our case-control study 

utilized a 3:1 match (3 controls per case). Controls were participants in the MGI who were not 

diagnosed with HNSCC. The controls were matched to the cases based on age (within 5 years), 

race/ethnicity, and gender. Additional covariate data on the controls was collected through the 

medical records system (MiChart) using DataDirect provided by the University of Michigan Data 

Office for Clinical and Translational Research. Genetic data from the MGI for cases who 

participated in the HNC SPORE were linked to the clinical, outcome, and behavioral data 

previously collected through prior studies conducted in the HNC SPORE. The final analytic 

sample excluded participants who identified as a race/ethnicity other than Caucasian in order to 

maintain a homogenous population. After excluding these participants, there were 216 cases 

and 648 controls. 

Statistical Analysis 
 

Specific gene variants that are associated with hypercholesterolemia were identified 

through the Global Lipids Genetics Consortium (GLGC) joint metabochip and genome-wide 

association study (GWAS) analysis.23 Single nucleotide polymorphisms (SNP)s that were 

identified as being only statistically significantly associated (P<5x10-8) with TC, HDL, LDL, and 

TG were isolated in the MGI data. We created instruments for HDL, LDL, TG, and TC through 

combining the individual SNPs that were only statistically significant for the corresponding 

cholesterol measure. Instruments were calculated using PLINK 2.0.24,25 A table of the SNPs, 

identified through rs-id and chromosome location that were used to create each instrument can 

be found in Table 4.1. In addition to the TC instrument, we created another TC instrument (TCF) 
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that was composed of all of the SNPs that were statistically significantly associated with TC, 

even if there was overlap with the other cholesterol measures. We did this because TC 

encompasses all of the other cholesterol measures. Including all of the SNPs associated with 

TC may make the instrument stronger.  

A previously published study utilizing a similar technique assessed the strength of the 

association between the instruments (containing almost all of the same SNPs) created for 

cholesterol measures (HDL, LDL, and TG) and the related cholesterol measure. After 

conducting linear regression, each instrument they created appeared to be statistically 

significantly associated with the corresponding cholesterol measure. HDL appeared to be the 

strongest instrument (beta coefficient=0.19 mmol/L HDL).26 The LDL and TG instruments were 

associated with not only measured LDL (beta coefficient=0.56 mmol/L HDL) and TG (beta 

coefficient=0.35 mmol/L lnTG), respectively, but both were also associated with HDL.26 Although 

the LDL and TG instruments were both associated with measured HDL, they were more 

strongly associated with their corresponding cholesterol measure.26 Based on these previously 

published results, we can assume that the cholesterol-related instruments we created are strong 

indicators of the corresponding cholesterol measures. 

To identify the association between instruments related to hypercholesterolemia and 

HNSCC risk, we conducted a Mendelian randomization analysis. Mendelian randomization 

analysis is an instrumental variable technique in which SNPs are selected that precede the 

exposure of interest. In order to properly conduct this analysis, certain assumptions must be 

met. The genetic variants (instrument) must only be associated with the outcome through the 

exposure and not independently. The genetic variants (instrument) must also not be associated 

with any confounders between the exposure and the outcome.27 This relationship is displayed in 

the directed acyclic graph (DAG) found in Figure 4.1. A benefit of this analytic technique is that if 

all assumptions are met, unmeasured confounding between the exposure and outcome variable 

should not be an issue.  
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We operationalized the instruments continuously (1 unit increase=standard deviation 

increase(SD)), as well as created quartiles for analysis, given the approximately normal 

distribution of all of the instruments (histogram of the distribution of each instrument by standard 

deviation increase can be found in Figure 4.2). We also compared quartile 1 to quartiles 2-4 for 

the HDL instrument due to the distribution of the quartiles of the HDL instrument. In order to 

investigate the relationship between susceptibility to high cholesterol and odds of developing 

HNSCC, we conducted logistic regression models with the HNSCC cancer status (1= have 

HNSCC, case; 0=do not have HNSCC, control) as the outcome in the model and the instrument 

(HDL, LDL, TG and TC) as the exposure; with each instrument having a separate model. 

We also investigated the association between the instruments (HDL, LDL, TG, and TC) 

and HNSCC outcomes (overall death, disease-specific death, and disease recurrence) among 

the cases. To explore this relationship, we conducted Cox proportional hazards models using 

the same continuous and quartile operationalized instruments as described above.  

Since HNSCC is a diverse disease and patients who have HPV-positive associated 

tumors are etiologically different and also experience different prognosis than patients with 

HPV-negative tumors, we decided to investigate the potential effect modification of HPV-status 

through investigating the association between the risk of HNSCC and the listed instruments 

above for patients with HPV-positive and HPV-negative tumors separately. It is also important to 

investigate patients with and without HPV-associated disease separately because the impact of 

statin use on outcomes only appears to be protective for patients with HPV-positive tumors.8  

We will also assess the potential effect modification of disease site because it is so highly 

associated with HPV status, as well as stage of disease. 

All analysis was conducted utilizing SAS version 9.4 (Cary, NC), and R; p-values were 

considered statistically significant at p<0.05.  
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Results 
 

Descriptive statistics 
 

 Given the matched design of this case-control study, the distribution of age, gender and 

race are equal among cases and controls. Of the cases, the majority experience HNSCC in the 

oral cavity, with the second most frequent site of disease being the oropharynx. The majority of 

cases have stage 4 disease at diagnosis and are missing HPV status. For those without HPV 

status missing, there are slightly more patients with HPV-negative disease compared to those 

with HPV-positive disease. When comparing behavioral characteristics that were not matched 

between cases and controls, cases are more likely to be current smokers than controls. 

Although the frequency of former smokers appears to be similar between cases and controls, 

controls are much more likely to be never smokers. Drinking status is similar between cases 

and controls, and body mass index (BMI) is higher in controls than cases (Table 4.2). The 

distribution of the cholesterol-related instruments are very similar between cases and controls in 

this study (Figure 4.3). 

 

HNSCC Risk 
 

 We observed no association between the instruments and HNSCC risk [per SD increase 

in score (TC: OR=0.99, 95% CI=0.85, 1.15); (HDL: OR=1.01, 95% CI=0.87, 1.18); (LDL: 

OR=1.02, 95% CI=0.87, 1.19); (TG: OR=1.00, 95% CI=0.86, 1.17)]; Table 4.3. The results 

remain null even when the instruments are operationalized as quartiles, Table 4.4.  

When assessing how effect modification of HPV status may influence the association 

between instruments and risk of HNSCC, it appears as though there was a positive association 

between the TG instrument and risk of HNSCC when comparing cases with HPV-positive 

disease to their controls (TG: OR=1.29, 95% CI=0.97, 1.71); Table 4.5, but this association was 
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not statistically significant. A similar positive association was observed when assessing potential 

effect modification by disease site, particularly when comparing cases whose disease was 

located in the oropharynx to their controls (TG: OR=1.24, 95% CI=0.98, 1.57); Table 4.5, but 

again this association is not statistically significant.  

The only other marginally significant finding is among disease stage where there is an 

inverse association between the TG instrument and risk of HNSCC when comparing cases with 

stage 0 or 1 disease to controls(TG: OR=0.71, 95% CI=0.48, 1.03); Table 4.5. Overall the 

association between all of the instruments and HNSCC risk were relatively null and remain null 

even after assessing the potential for effect modification of HPV status, disease site, and stage 

of disease at diagnosis among cases. 

 

HNSCC Outcomes 
 

 The rate of overall death and disease recurrence is higher among cases with higher 

values of the TC instrument [(overall death: HR=1.36, 95% CI=1.01, 1.83); (recurrence: 

HR=1.30, 95% CI=0.98, 1.73)] but only the association between the TC instrument and overall 

death was statistically significant at a 0.05 alpha level. We observed an inverse association 

between the rate of overall death, disease-specific death and the TG instrument that was 

statistically significant [(overall death: HR=0.75, 95% CI=0.57, 0.99); (disease-specific death: 

HR=0.71, 95% CI=0.51, 0.98)]. A similar association was observed between disease-specific 

death and the LDL instrument, but this association was marginally statistically significant 

(disease-specific death: HR=0.74, 95% CI=0.52, 1.04); Table 4.6. Similar observations were 

observed when the instruments were operationalized as quartiles, which can be found in Table 

4.8. There did not appear to be an association between the HDL instrument and HNSCC 

outcomes. The findings for the association between the TCF instrument and HNSCC outcomes 

were similar to those observed for the TC instrument and HNSCC outcomes. 
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In order to assess if statin use among cases is impacting the effect of the instruments as 

a proxy for cholesterol measures on HNSCC outcomes, we conducted the same models 

excluding cases who had ever used a statin. Additionally, we conducted models with statin use 

as a covariate in the model. The results from this analysis can be found in Table 4.10. The 

results largely remain the same as the previous models, not considering the impact of statin 

use, portraying mainly null associations. The only slightly different findings than what previously 

observed is that the statistically significant inverse association between the TG instrument and 

rate of disease-specific death was attenuated after excluded cases who used statin drugs 

(disease-specific death: HR=0.88, 95% CI=0.56, 1.37); Table 4.10.  

When assessing the potential modification of HPV status on HNSCC outcomes among 

cases, the results again remain relatively null, except for a statistically significant association 

between the TG instrument and rate of disease-specific death when comparing cases with HPV-

negative disease to controls (disease-specific death: HR=0.62, 95% CI=0.38, 0.99); Table 4.7. 

Although this point estimate is statistically significant, these are similar findings to what is 

observed among the patients with HPV-positive tumors as well. The only difference is the point 

estimate for HPV-negative patients is more precise, which is to be expected given the larger 

sample size. When assessing this effect modification after excluding cases who had ever used 

a statin, or when including statin use the model, the findings, although slightly different than 

what was observed previously, still remain relatively null; Table 4.11. The magnitude of the point 

estimates are stronger than what was observed when including all cases, but the point 

estimates are less precise. This is largely due to the very small sample size of the models 

conducted when limiting the sample to cases with certain HPV status (approximately 40% of 

cases are missing HPV status) and excluding cases on a statin (approximately 40% of cases 

had ever used statins). 
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Discussion 
 

 The findings from this study that explore the association between instruments that 

predict hypercholesterolemia and HNSCC risk and outcomes are mainly null. These findings are 

supported by the literature. A recently published paper by Gormley et al. investigating the 

association between SNPs identified as having the same effect as statins and other cholesterol-

lowering medications as well as other SNPs that would be a proxy for LDL cholesterol levels 

also found mainly null associations between cholesterol-lowering and risk of HNSCC.28  This 

paper conducted a two-sample Mendelian randomization technique to assess the association 

between the identified SNPs and HNSCC risk and also analyzed the risk of developing oral 

cavity and oropharynx HNSCC separately 28  They performed these analyses in the Genetic 

Associations and Mechanisms in Oncology (GAME-ON) and UK Biobank databases and the 

combined the findings of both studies through meta-analysis.28  Although this study did not use 

the same approach to assess this association as our study their sample size was very large, 

and their methods were strong. The results from the meta-analysis combining the findings from 

the GAME-ON and UK Biobank databases identified an association between PCSK9 and risk of 

developing HNSCC of the oral cavity and oropharynx and an inverse association was observed 

between the LDL proxy measures and risk of HNSCC combined at both sites.28 When the oral 

cavity and oropharynx disease sites were investigated separately the inverse association was 

not consistent across the databases and was only observed for the association between LDL 

proxy SNPs and risk of oral cavity HNSCC in the GAME-ON database.  When assessing this 

association for SNPs as proxies for other cholesterol measures (HDL, TG and TC) no 

associations were observed.28 The authors suggest that the associations observed between 

PCSK9 and HNSCC risk may not be through the cholesterol-lowering mechanism.28 

 Although the literature is limited when exploring the relationship between cholesterol and 

HNSCC, this association has been investigated across various different cancer sites with largely 
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null findings. There have been studies that have investigated the association between 

cholesterol and risk of cancer in general, prostate cancer, and colorectal cancer using 

Mendelian randomization, but to our knowledge, this will be the first study to examine the 

association using Mendelian randomization in HNSCC outcomes.26,29,30 Previous studies that 

investigated the cholesterol-cancer relationship using this approach have found similar results. 

One study that investigated the relationship between low LDL and risk of cancer found that 

there was not a causal relationship between having genetically related low LDL and an 

increased risk of developing cancer.30 Two papers looking at the association between 

cholesterol and colorectal cancer and prostate cancer, respectively, found increased 

triglycerides to be modestly associated with an increased risk of developing both prostate and 

colorectal cancer.26,29 They both also determined that having a gene that influences Hydroxy-

methylglutaryl-CoA (HMG-CoA) in a similar way to statins was protective against developing 

prostate cancer and statistically significantly protective against developing colorectal cancer.26,29  

Other studies looking at the association between Apolipoprotein e (APOE) gene (a gene 

involved in the lipid-protein development that is associated with heart disease and Alzheimer’s 

disease)31 and risk of developing cancer and cancer-related mortality found mixed results. 

Different variants of APOE were utilized as proxy measures of LDL and HDL. One manuscript 

found no association between the APOE gene and risk of developing cancer and cancer-related 

mortality when using a Mendelian randomization approach.32 Whereas another study found 

differences in cancer risk among the different genotypes of the APOE gene among an Asian 

population, where they observed an increased risk of cancer among those with a variant that 

was associated with lower levels of circulating HDL.33 Additionally, a study of endometrial 

cancer patients identified an association between LDL and risk of developing endometrial 

cancer.34 
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Strengths and Limitations 
 

Although this aim has quite a few strengths, including being the first to our knowledge to 

look at the relationship between genetic predisposition to high cholesterol levels and rate of 

overall death, disease-specific death and recurrence among HNSCC patients as well as 

exploring the potential effect modification of HPV-status on the association using this analytic 

technique, there are a few limitations.  

The sample size of this study is quite small. It is possible that we do not have enough 

power to detect a statistically significant association between the instruments and HNSCC risk, 

death, or observe interaction. Also, larger sample size will increase power and precision but not 

necessarily change the magnitude of the point estimates observed. Since some of the point 

estimates observed borderline statistically significant associations between TC and HNSCC 

outcomes, a larger sample size may improve precision and provide statistical significance. But 

since the point estimates identified for the association between the instruments and HNSCC risk 

were quite precise, increasing sample size and power may not change the null study results. 

It is possible that one of the assumptions necessary to complete Mendelian 

randomization analysis correctly may be violated, specifically the “exclusion restriction” 

assumption.35 It is possible that having a predisposition to hypercholesterolemia would lead to 

the use of statin drugs. Statin drugs are known as being extremely effective at lowering 

cholesterol. They have also been identified as having an inverse association with outcomes 

related to HNSCC.5,6,8 This violates the assumption that the instrument can only be associated 

with the outcome through the exposure. The DAG in Figure 4.4 displays this relationship. Since 

we are only trying to identify if an association between cholesterol and HNSCC risk/outcomes 

exists, it is possible this may not be a problem, but even keeping this in mind, the issue may not 

be completely addressed. It is reassuring the violation did not bias the associations given the 

findings are largely null.35  Also, we investigated the association between the cholesterol-related 
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instruments and HNSCC outcomes, excluding cases who ever used a statin, and the results did 

not meaningfully change.  

Given the case-control design of this study and the fact that we are using hospital-based 

controls, there may be an issue of selection bias (Berkson’s bias) when assessing the 

association between cholesterol-related instruments and HNSCC risk. This bias may arise 

because our control selection may not be independent of the exposure variable. In this situation, 

our controls are not representative of the population from which the cases arose. Hospital-

based controls may be more likely to have high cholesterol or have higher levels of the 

cholesterol-related instruments for TC, LDL, and TG. This is possible because, although we are 

not purposefully including participants who have diseases that are associated with high 

cholesterol (for example, cardiovascular disease), they are no excluded. Inclusion of too many 

controls with diseases that are associated with high cholesterol would create an over-

representation of controls with higher levels of the exposure. If this occurs, we may observe bias 

toward the null or possibly a reverse association in which cholesterol is protective against 

HNSCC. This may explain the null association observed in our study if high cholesterol is truly a 

risk factor for developing HNSCC, but the distribution of the instruments from both cases and 

controls appears to be relatively normal (Figure 4.3). 

 Another possible issue with control selection is that we are not excluding controls who 

had a history of cancer other than HNSCC. It is possible that this will also bias our results 

toward the null if high cholesterol is associated with cancer at sites other than HNSCC, and 

there are a large proportion of controls who have a history of other cancers. This issue should 

be addressed in future research studies. It can be addressed through the collection of 

comorbidity information from controls. Controls with a medical history of cancer should be 

excluded since we have 3 controls for each case, we can make the ratio of controls to cases 

smaller. This will allow us to observe if including controls with a history of cancer biases our 

estimates.  



117 
 

 We assume that the use of statin drugs may modify the association between the 

cholesterol-related instruments and developing HNSCC. Although we have collected data on 

statin use among the cases, we have not collected this data among the controls, which may 

lead to the analysis assessing HNSCC risk to be biased and failing to address all of the 

assumptions necessary for Mendelian randomization analysis. It is important for future research 

to collect medication information from controls to deal with this potential issue. 

Conclusion 
 

The findings from this study support a null association between circulating cholesterol 

levels and risk of HNSCC. Although there did appear to be an association between TC and TG 

with HNSCC outcomes, given the small study sample, the findings are not precise. HPV status 

does not appear to modify the association between cholesterol levels and HNSCC outcomes. 

Future research investigating the association between circulating cholesterol levels and HNSCC 

outcomes in a larger, more diverse population of HNSCC patients is necessary to validate the 

presented study results and provide more power to detect statistically significant associations 

between TC and TG with HNSCC outcomes.  
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Chapter 4: Figures/Tables 
 

 

 

Figure 4.1: DAG Displaying Association between Lipid SNPs and HNSCC Risk/Outcomes 
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Figure 4.2: Distribution of Instruments (1-standard deviation increase) 
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Figure 4.3: Overlaying Histograms of Instruments (1-standard deviation increase) by Case-Control Status 
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Figure 4.4: DAG Displaying Association between Lipid SNPs and HNSCC Risk/Outcomes 
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Table 4.1: SNPs Included in Cholesterol-Related Instruments 

Total Cholesterol HDL 

GRCh37 (hg19) RSID GRCh37 (hg19) RSID 
chr1:93009438 
chr2:135837906 
chr3:12628920 
chr6:34546560 
chr11:18632984 
chr19:49206417 
chr20:34152782 
chr1:23766233 
chr2:169830155 
chr2:203532304 
chr3:58381287 
chr6:39250837 
chr6:135411228 
chr7:1083777 

chr10:17260290 
chr11:118486067 
chr12:9082581 
chr22:35711098 

rs7515577 
rs7570971 
rs2290159 
rs2814982 
rs10128711 
rs492602 

rs2277862 
rs1077514 
rs2287623 
rs11694172 
rs13315871 
rs2758886 
rs9376090 
rs1997243 
rs10904908 
rs11603023 
rs4883201 
rs138777 

chr1:156700651 
chr1:178515312 
chr2:211540507 
chr3:11400249 
chr3:47061183 
chr3:50129399 
chr3:52532118 
chr3:119560606 
chr4:26062990 
chr4:89741269 
chr4:100014805 
chr7:6449272 

chr7:17919258 
chr7:50305863 
chr7:150529449 
chr11:51512090 
chr11:65391317 
chr11:75455021 

chr14:105277209 
chr19:52324216 
chr1:40028180 
chr1:182168885 
chr2:165540800 
chr4:103188709 
chr5:53298025 
chr6:139829666 
chr7:130433384 
chr8:116599199 
chr11:10388782 
chr11:46743247 
chr12:20473758 

chr12:110000193 
chr12:123796238 
chr12:125261593 
chr15:63396867 
chr16:67928042 
chr16:81534790 
chr17:37813856 
chr17:66875294 
chr17:76403984 
chr18:57849023 
chr19:8433196 
chr19:11347493 
chr19:54792761 
chr22:21932068 

rs12145743 
rs4650994 
rs1047891 
rs2606736 
rs2290547 
rs2013208 
rs13326165 
rs6805251 
rs10019888 
rs3822072 
rs2602836 
rs702485 

rs4142995 
rs4917014 
rs17173637 
rs11246602 
rs12801636 
rs499974 

rs4983559 
rs17695224 
rs4660293 
rs1689800 
rs12328675 
rs13107325 
rs6450176 
rs605066 

rs4731702 
rs2293889 
rs2923084 
rs3136441 
rs7134375 
rs7134594 
rs4759375 
rs838880 

rs2652834 
rs16942887 
rs2925979 
rs11869286 
rs4148008 
rs4129767 
rs12967135 
rs7255436 
rs737337 
rs386000 
rs181362 

LDL Triglycerides 

GRCh37 (hg19) RSID GRCh37 (hg19) RSID 
chr14:24883887 
chr1:150958836 
chr2:63149557 
chr2:216304384 
chr13:32953388 
chr17:64210580 
chr20:12962718 
chr20:17845921 
chr22:30378703 

rs8017377 
rs267733 

rs2710642 
rs1250229 
rs4942486 
rs1801689 
rs364585 

rs2328223 
rs5763662 

chr3:135926622 
chr4:88030261 
chr5:55861786 
chr7:72129667 
chr8:10683929 
chr10:65027610 
chr10:94839642 
chr15:42683787 
chr15:44245931 
chr16:30918487 
chr22:38546033 
chr7:116358044 
chr10:5254847 
chr16:15129940 
chr17:41878166 
chr19:7224431 

rs645040 
rs442177 

rs9686661 
rs13238203 
rs11776767 
rs10761731 
rs2068888 
rs2412710 
rs2929282 
rs11649653 
rs5756931 
rs38855 

rs1832007 
rs3198697 
rs8077889 
rs7248104 
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Table 4.2: Demographic and Clinical Characteristics by Case/Control Status 

 Cases (N=216) Controls (N=648) 

Age at Diagnosis, years  60.81 NA 

Sex  (Male) 73.15% 73.15% 

Death Status   

   Alive 74.07% 95.22% 

   Deceased 25.93% 4.78% 

Disease Site    

Larynx 16.20% NA 

Oral Cavity 45.37% NA 

Oropharynx 37.04% NA 

Hypopharynx 1.39% NA 

Stage at Diagnosis   

0   1.85% NA 

1 16.67% NA 

2 17.13% NA 

3 9.72% NA 

4 54.63% NA 

HPV status    

Negative 34.26% NA 

Positive 27.31% NA 

Invalid/Missing 38.43% NA 

BMI* 28.99 30.15a 

Smoking Status    

Current 32.41% 13.43% 

Former 37.50% 38.89% 

Never 25.93% 47.22% 

Missing 4.17% 0.46% 

Drinking Status    

Current 59.72% 60.80% 

Former 21.76% NA 

Never 14.35% 34.10% 

Missing 4.17% 5.09% 

*Cases, N=209; Controls, N=437 
a. Mean of average BMI across multiple medical encounters 
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Table 4.3: Risk of HNSCC and Standard Deviation Increase of Cholesterol-Related 
Instruments 

Instruments* (N=864) OR (95% CI) 

TC 0.99 (0.85. 1.15) 

HDL 1.01 (0.87, 1.18) 

LDL 1.02 (0.87, 1.19) 

TG 1.00 (0.86, 1.17) 

TCFa 0.996 (0.85, 1.16) 

*Standard deviation increase 
a. Total cholesterol instrument containing all statistically significant SNPs
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Table 4.4: Risk of HNSCC and Quartile Increase of Cholesterol-Related Instruments 

Instruments Case Control OR (95% CI) 

TC    

   Quartile 1 53 163 REF 

   Quartile 2 58 158 1.13 (0.73, 1.74) 

   Quartile 3 52 164 0.98 (0.63, 1.51) 

   Quartile 4 53 163 1.00 (0.65, 1.55) 

HDL     Case Control OR (95% CI) 

   Quartile 1 59 157 REF HDL    

   Quartile 2 50 166 0.80 (0.52, 1.24)    Quartile 1 59 157 REF 

   Quartile 3 53 163 0.87 (0.56, 1.33)    Quartile 2-4 157 491 0.85 (0.60, 1.21) 

   Quartile 4 54 162 0.89 (0.58, 1.36) 

LDL    

   Quartile 1 59 157 REF 

   Quartile 2 47 169 0.74 (0.48, 1.15) 

   Quartile 3 55 161 0.91 (0.59, 1.40) 

   Quartile 4 55 161 0.91 (0.59, 1.40) 

TG    

   Quartile 1 51 165 REF 

   Quartile 2 58 158 1.19 (0.77, 1.84) 

   Quartile 3 61 155 1.27 (0.83, 1.96) 

   Quartile 4 46 170 0.88 (0.56, 1.38) 

TCFa    

   Quartile 1 54 162 REF 

   Quartile 2 53 163 0.98 (0.63, 1.51) 

   Quartile 3 54 162 1.0 (0.65, 1.55) 

   Quartile 4 55 161 1.03 (0.66, 1.58) 

a. Total cholesterol instrument containing all statistically significant SNPs
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Table 4.5: Risk of HNSCC by Standard Deviation Increase in Cholesterol-Related 
Instruments Stratified by HPV Status, Disease Site and Stage of Disease 

Instruments* OR (95% CI) 

HPV Status 

HPV-Positive (N=236) Case (N=59) Control (N=177) 

TC 0.94 (0.70, 1.28) 

HDL 1.03 (0.75, 1.42) 

LDL 1.14 (0.88, 1.49) 

TG 1.29 (0.97, 1.71) 

TCFa 1.14 (0.86, 1.52) 

HPV-Negative (N=296) Case (N=74) Control (N=222) 

TC 1.03 (0.79, 1.34) 

HDL 1.09 (0.83, 1.42) 

LDL 1.01 (0.76, 1.33) 

TG 1.00 (0.77, 1.30) 

TCFa 0.93 (0.70, 1.22) 

Disease Site 

Larynx (N=140) Case (N=35) Control (N=140) 

TC 0.93 (0.64, 1.37) 

HDL 1.06 (0.73, 1.53) 

LDL 0.78 (0.51, 1.20) 

TG 0.91 (0.63, 1.31) 

TCFa 0.88 (0.60, 1.29) 

Oral Cavity (N=392) Case (N=98) Control (N=294) 

TC 1.07 (0.85, 1.35) 

HDL 0.93 (0.74, 1.17) 

LDL 1.07 (0.84, 1.36) 

TG 0.86 (0.67, 1.10) 

TCFa 0.89 (0.70, 1.13) 

Oropharynx (N=320) Case (N=80) Control (N=240) 

TC 0.93 (0.72, 1.20) 

HDL 1.10 (0.85, 1.44) 

LDL 1.07 (0.85, 1.36) 

TG 1.24 (0.98, 1.57) 

TCFa 1.10 (0.86, 1.40) 

Disease Stage 

0 and 1 (N=160) Case (N=40) Control (N=120) 

TC 0.97 (0.67, 1.38) 

HDL 1.02 (0.70, 1.48) 

LDL 0.89 (0.63, 1.27) 

TG 0.71 (0.48, 1.03) 

TCFa 0.91 (0.64, 1.31) 

2 (N=148) Case (N=37) Control (N=111) 

TC 0.98 (0.67, 1.42) 

HDL 1.04 (0.71, 1.52) 

LDL 0.99 (0.65, 1.51) 

TG 1.14 (0.78, 1.65) 

TCFa 0.95 (0.66, 1.36) 

3 (N=84) Case (N=21) Control (N=63) 

TC 1.10 (0.64, 1.90) 

HDL 0.89 (0.53, 1.50) 

LDL 1.06 (0.66, 1.70) 

TG 1.03 (0.64, 1.66) 



131 
 

TCFa 1.55 (0.94, 2.54) 

4 (N=472) Case (N=118) Control (N=354) 

TC 0.98 (0.80, 1.21) 

HDL 1.02 (0.84, 1.26) 

LDL 1.06 (0.87, 1.31) 

TG 1.07 (0.87, 1.31) 

TCFa 0.96 (0.77, 1.19) 

*Standard deviation increase 
a. Total cholesterol instrument containing all statistically significant SNPs 
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Table 4.6: Rate of HNSCC Outcomes by Standard Deviation Increase in Cholesterol-
Related Instruments (Cases Only) 

Instruments* (N=216) HR (95% CI) 

Overall Death (# Events=56) 

TC 1.36 (1.01, 1.83) 

HDL 0.92 (0.71, 1.19) 

LDL 0.93 (0.71, 1.22) 

TG 0.75 (0.57, 0.99) 

TCFa 1.13 (0.89, 1.44) 

Disease-Specific Death (# Events=39) 

TC 1.22 (0.86, 1.73) 

HDL 0.97 (0.72, 1.32) 

LDL 0.74 (0.52, 1.04) 

TG 0.71 (0.51, 0.98) 

TCFa 1.23 (0.92, 1.64) 

Recurrence (# Events=56) 

TC  1.30 (0.98, 1.73) 

HDL 0.91 (0.81, 1.18) 

LDL 0.83 (0.63, 1.10) 

TG 0.83 (0.63, 1.09) 

TCFa 1.09 (0.85, 1.39) 

*Standard deviation increase 
a. Total cholesterol instrument containing all statistically significant SNPs 
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Table 4.7: Rate of HNSCC Outcomes by Standard Deviation Increase in Cholesterol-
Related Instruments by HPV Status (Cases Only) 

Instruments* HR (95% CI) 

HPV-Positive (N=59) 

Overall Death (# Events=9) 

TC 0.98 (0.49, 1.97) 

HDL 0.70 (0.31, 1.57) 

LDL 0.80 (0.38, 1.67) 

TG 0.77 (0.41, 1.45) 

TCFa 1.03 (0.57, 1.85) 

Disease-Specific Death (# Events=7) 

TC 1.06 (0.50, 2.27) 

HDL 0.66 (0.28, 1.58) 

LDL 0.58 (0.23, 1.44) 

TG 0.82 (0.42, 1.60) 

TCFa 1.07 (0.57, 2.00) 

Recurrence  (# Events=11) 

TC 1.26 (0.66, 2.37) 

HDL 0.64 (0.33, 1.26) 

LDL 0.64 (0.32, 1.29) 

TG 0.82 (0.46, 1.46) 

TCFa 1.20 (0.72, 2.02) 

HPV-Negative (N=74) 

Overall Death (# Events=27) 

TC 1.61 (1.04, 2.52) 

HDL 0.98 (0.72, 1.33) 

LDL 0.83 (0.55, 1.26) 

TG 0.76 (0.51, 1.13) 

TCFa 1.49 (0.98, 2.26) 

Disease-Specific Death (# Events=19) 

TC 1.40 (0.83, 2.36) 

HDL 1.05 (0.72, 1.53) 

LDL 0.65 (0.40, 1.07) 

TG 0.62 (0.38, 0.99) 

TCFa 1.56 (0.96, 2.54) 

Recurrence (# Events=22) 

TC 1.01 (0.95, 2.40) 

HDL 1.06 (0.75, 1.50) 

LDL 0.65 (0.39, 1.07) 

TG 0.70 (0.45, 1.09) 

TCFa 1.29 (0.82, 2.02) 

*Standard deviation increase 
a. Total cholesterol instrument containing all statistically significant SNPs 
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Table 4.8: Rate of HNSCC Outcomes by Cholesterol-Related Instrument Quartiles (Cases 
Only) 

 # of Events Person months HR (95% CI) 

Overall Death 

TC    

   Quartile 1 11 2055.20 REF 

   Quartile 2 15 2038.97 1.38 (0.62, 3.07) 

   Quartile 3 12 2017.91 1.14 (0.49, 2.64) 

   Quartile 4 18 1911.82 1.89 (0.87, 4.09) 

HDL    

   Quartile 1 17 1955.06 REF 

   Quartile 2 10 2090.91 0.58 (0.26, 1.28) 

   Quartile 3 17 1895.33 1.03 (0.52, 2.02) 

   Quartile 4 12 1408.66 0.74 (0.35, 1.54) 

LDL    

   Quartile 1 15 2129.31 REF 

   Quartile 2 13 1923.68 1.06 (0.51, 2.24) 

   Quartile 3 14 2028.22 0.96 (0.46, 1.98) 

   Quartile 4 14 1942.67 1.09 (0.52, 2.26) 

TG    

   Quartile 1 17 1573.29 REF 

   Quartile 2 18 2359.92 0.82 (0.42, 1.60) 

   Quartile 3 15 2363.17 0.67 (0.33, 1.34) 

   Quartile 4 6 1175.46 0.36 (0.14, 0.91) 

TCFa    

   Quartile 1 9 2442.35 REF 

   Quartile 2 19 1723.66 2.98 (1.33, 6.66) 

   Quartile 3 13 2014.69 1.69 (0.72, 3.96) 

   Quartile 4 15 1843.19 2.14 (0.93, 4.94) 

Disease-Specific Death 

TC    

   Quartile 1 8 2055.20 REF 

   Quartile 2 10 2038.97 1.10 (0.44, 2.79) 

   Quartile 3 10 2017.91 1.17 (0.46, 2.97) 

   Quartile 4 11 1911.82 1.42 (0.57, 3.54) 

HDL    

   Quartile 1 12 1955.06 REF 

   Quartile 2 6 2090.91 0.55 (0.21, 1.47) 

   Quartile 3 12 1895.33 1.08 (0.48, 2.40) 

   Quartile 4 9 1408.66 0.81 (0.34, 1.93) 

LDL    

   Quartile 1 13 2129.31 REF 

   Quartile 2 10 1923.68 0.99 (0.43, 2.25) 

   Quartile 3 9 2028.22 0.73 (0.31, 1.70) 

   Quartile 4 7 1942.67 0.64 (0.25, 1.60) 

TG    

   Quartile 1 14 1573.29 REF 

   Quartile 2 10 2359.92 0.61 (0.27, 1.37) 

   Quartile 3 11 2363.17 0.64 (0.29, 1.41) 

   Quartile 4 4 1175.46 0.29 (0.10, 0.89) 

TCFa    

   Quartile 1 5 2442.35 REF 

   Quartile 2 14 1723.66 3.58 (1.29, 9.93) 
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   Quartile 3 9 2014.69 1.97 (0.66, 5.89) 

   Quartile 4 11 1843.19 2.56 (0.89, 7.38) 

Recurrence 

TC    

   Quartile 1 10 1514.41 REF 

   Quartile 2 14 1593.82 1.23 (0.54, 2.76) 

   Quartile 3 17 1337.99 1.79 (0.82, 3.90) 

   Quartile 4 15 1275.30 1.73 (0.78, 3.86) 

HDL    

   Quartile 1 18 1472.72 REF 

   Quartile 2 12 1434.12 0.76 (0.37, 1.58) 

   Quartile 3 15 1406.03 0.92 (0.46, 1.82) 

   Quartile 4 11 1408.66 0.67 (0.32, 1.42) 

LDL    

   Quartile 1 13 1612.45 REF 

   Quartile 2 18 1284.50 1.75 (0.86, 3.57) 

   Quartile 3 14 1515.14 1.12 (0.53, 2.38) 

   Quartile 4 11 1309.44 0.97 (0.43, 2.16) 

TG    

   Quartile 1 16 1098.87 REF 

   Quartile 2 17 1667.19 0.81 (0.41, 1.60) 

   Quartile 3 15 1780.01 0.69 (0.34, 1.40) 

   Quartile 4 8 1175.46 0.51 (0.22, 1.20) 

TCFa    

   Quartile 1 12 1778.69 REF 

   Quartile 2 17 1131.76 1.89 (0.90, 3.98) 

   Quartile 3 12 1539.42 1.07 (0.48, 2.39) 

   Quartile 4 15 1271.66 1.53 (0.71, 3.27) 

a. Total cholesterol instrument containing all statistically significant SNPs 
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Table 4.9: Demographic and Clinical Characteristics of Cases, Excluding Participants on 
a Statin 

 Cases (N=129) 

Age at Diagnosis, years  58.02 

Sex  (Male) 74.42% 

Death Status  

   Alive 75.97% 

   Deceased 24.03% 

Disease Site   

Larynx 19.38% 

Oral Cavity 41.09% 

Oropharynx 38.76% 

Hypopharynx 0.78% 

Stage at Diagnosis  

0   1.55% 

1 13.95% 

2 20.16% 

3 6.98% 

4 57.36% 

HPV status   

Negative 34.11% 

Positive 26.36% 

Invalid/Missing 39.53% 

BMI (N=126) 28.49 

Smoking Status   

Current 36.43% 

Former 32.56% 

Never 28.68% 

Missing 2.33% 

Drinking Status   

Current 65.89% 

Former 18.60% 

Never 12.40% 

Missing 3.10% 
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Table 4.10: Rate of HNSCC Outcomes by Standard Deviation Increase in Cholesterol-
Related Instruments (Cases only), Excluding Participants on a Statin 

Instruments*  HR (95% CI)*,a HR (95% CI)*,b 

Overall Death  (# Events=31) (# Events=56) 

TC 1.42 (0.96, 2.09) 1.35 (1.00, 1.82) 

HDL 0.92 (0.63, 1.34) 0.92 (0.71, 1.18) 

LDL 1.08 (0.78, 1.49) 0.93 (0.71, 1.21) 

TG 0.87 (0.60, 1.25) 0.75 (0.57, 0.99) 

TCFc 1.15 (0.82, 1.60) 1.12 (0.88, 1.43) 

Disease-Specific Death  (# Events=20) (# Events=39) 

TC 1.24 (0.77, 1.98) 1.20 (0.85, 1.71) 

HDL 1.09 (0.69, 1.74) 0.97 (0.72, 1.30) 

LDL 0.85 (0.55, 1.32) 0.73 (0.51, 1.03) 

TG 0.88 (0.56, 1.37) 0.71 (0.52, 0.98) 

TCFc 1.28 (0.85, 1.95) 1.20 (0.63, 2.29) 

Recurrence  (# Events=32) (# Events=56) 

TC 1.37 (0.95, 1.99) 1.30 (0.97, 1.73) 

HDL 0.90 (0.62, 1.29) 0.91 (0.71, 1.17) 

LDL 0.95 (0.69, 1.32) 0.83 (0.63, 1.10) 

TG 0.96 (0.67, 1.36) 0.83 (0.63, 1.09) 

TCFc 1.11 (0.79, 1.56) 1.09 (0.85, 1.40) 

*Standard deviation increase 
a. Excluding participants on a statin, (N=129) 
b. Adjusting for statin use, (N=215) 
c. Total cholesterol instrument containing all statistically significant SNPs 
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Table 4.11: Rate of HNSCC Outcomes by Standard Deviation Increase in Cholesterol-
Related Instruments by HPV Status (Cases Only), Excluding Participants on a Statin 

Instruments* HR (95% CI)*,a HR (95% CI)*,b 

HPV-Positive N=34  N=58  

Overall Death # Events=6 # Events=9 

TC 1.01 (0.47, 2.18) 1.03 (0.52, 2.05) 

HDL 1.58 (0.61, 4.06) 0.69 (0.30, 1.59) 

LDL 0.96 (0.44, 2.09) 0.78 (0.38, 1.60) 

TG 0.30 (0.08, 1.15) 0.72 (0.36, 1.43) 

TCFc 1.17 (0.50, 2.77) 1.10 (0.59, 2.04) 

Disease-Specific Death # Events=4 # Events=7 

TC 1.07 (0.45, 2.57) 1.09 (0.51, 2.32) 

HDL 1.72 (0.62, 4.79) 0.65 (0.27, 1.59) 

LDL 0.72 (0.27, 1.95) 0.58 (0.24, 1.41) 

TG 0.33 (0.07, 1.49) 0.79 (0.39, 1.59) 

TCFc 1.24 (0.47, 3.28) 1.12 (0.58, 2.16) 

Recurrence # Events=7 # Events=11 

TC 1.33 (0.65, 2.73) 1.35 (0.72, 2.54) 

HDL 0.87 (0.34, 2.24) 0.61 (0.30, 1.24) 

LDL 0.64 (0.29, 1.40) 0.62 (0.31, 1.22) 

TG 0.29 (0.08, 1.11) 0.74 (0.39, 1.40) 

TCFc 1.37 (0.61, 3.10) 1.35 (0.75, 2.42) 

HPV-Negative N=44 N=74 

Overall Death # Events=14 # Events=27 

TC 1.88 (0.91, 3.89) 1.58 (1.02, 2.45) 

HDL 0.73 (0.46, 1.16) 0.99 (0.73, 1.34) 

LDL 1.17 (0.57, 2.36) 0.80 (0.53, 1.20) 

TG 1.02 (0.61, 1.70) 0.76 (0.51, 1.12) 

TCFc 1.39 (0.81, 2.41) 1.50 (0.99, 2.29) 

Disease-Specific Death # Events=9 # Events=19 

TC 1.75 (0.71, 4.28) 1.36 (0.81, 2.27) 

HDL 0.88 (0.48, 1.63) 1.06 (0.73, 1.53) 

LDL 0.81 (0.35, 1.89) 0.64 (0.39, 1.03) 

TG 0.85 (0.44, 1.64) 0.62 (0.39, 1.00) 

TCFc 1.61 (0.82, 3.16) 1.56 (0.95, 2.58) 

Recurrence # Events=12 # Events=22 

TC 2.16 (1.00, 4.66) 1.48 (0.93, 2.36) 

HDL 0.92 (0.55, 1.52) 1.07 (0.76, 1.51) 

LDL 0.88 (0.41, 1.91) 0.64 (0.39, 1.04) 

TG 1.02 (0.58, 1.79) 0.71 (0.45, 1.09) 

TCFc 1.13 (0.64, 1.99) 1.29 (0.82, 2.03) 

*Standard deviation increase 
a. Excluding participants on a statin 
b. Adjusting for statin use 
c. Total cholesterol instrument containing all statistically significant SNPs 
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Chapter 5 : Public Health Significance / Conclusion 
 

The main public health implication from this project was to identify if statins improve 

health outcomes among head and neck squamous cell carcinoma (HNSCC) patients. In addition 

to identifying this association, this dissertation investigates the potential mechanisms by which 

statins may influence HNSCC risk as well as outcomes (overall death, disease-specific death, 

and recurrence). The biological processes that statin drugs may affect are various, and the main 

mechanisms investigated through this dissertation are their anti-inflammatory and 

immunomodulatory effects as well as their cholesterol-lowering properties.1  

The results from Chapter 2 provide evidence that there is a protective association 

between the use of statins and overall death for all patients, and a similarly protective 

association was observed for disease-specific death and disease recurrence, particularly among 

patients whose tumors were human papillomavirus (HPV)-positive.2 The association between 

statin use and overall death is not surprising given that the primary action of statin drugs is to 

lower cholesterol, which ultimately prevents coronary artery disease.3,4 Since heart disease is 

the leading cause of death in the United States and the state of Michigan, the association 

between statin use and overall death even among HNSCC patients was expected.5,6   

Although these findings are not ground-breaking, they may improve overall health 

outcomes for patients who have a poorer prognosis and are less likely to use statin drugs. 

African Americans and patients of low socioeconomic status (SES) with HNSCC often 

experience poorer outcomes than white patients and patients with higher SES, respectively.7 

African American patients and patients of lower SES are also less likely to be diagnosed with 

HPV-
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positive associated HNSCC.8,9 The literature has identified that African Americans are less likely 

to use and adhere to statin drugs, and those of lower SES have poorer adherence.10,11 

Identifying cholesterol levels and prescribing or promoting adherence to statin drugs among 

African American patients and patients of lower SES may ultimately improve overall survival 

regardless of the HPV status of their tumor, especially if they are identified as having high 

cholesterol levels and are not currently using statin drugs.  

The innovative finding that statin drugs are additionally protective against HNSCC 

specific death and disease recurrence among patients with HPV-positive tumors is significant in 

that it may provide insight to not only the actions statins may have on cancer but the benefits 

these drugs may impose on patients who take them. Further research was conducted to help 

understand the potential mechanisms by which statin drugs may improve disease-specific 

outcomes among HNSCC patients. This is important to identify in order to clearly understand 

the disease processes and treatment options, particularly for patients with HPV-positive 

disease.   

The results presented in Chapter 3 provide evidence supporting the hypothesis that the 

use of statin drugs have anti-inflammatory and immunomodulatory effects on head and neck 

tumors. Through this research, we observed that statin drugs were associated with higher levels 

of inflammatory biomarkers that have been identified as being associated with improved 

prognosis among HNSCC patients.12,13  The biomarker that had the strongest association with 

statin use was the tumor-infiltrating lymphocyte (TIL), FoxP3, and this association was 

particularly observed among patients with HPV-positive tumors, consistent with our survival 

findings in Chapter 2. Although these inflammatory markers are not currently utilized in practice 

to identify prognosis, they may be implemented as a prognostic marker in clinical practice in the 

future. Further research on the association between statin drugs and TILs is necessary to better 

understand this relationship.  
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Although we did not identify a clear association between statin use and circulating 

cytokines, it is necessary to investigate this association further with a larger sample size through 

a more rigorous study design, particularly a randomized control trial. Higher levels of the pro-

inflammatory cytokine IL-6 have been found to be associated with worse outcomes among 

HNSCC patients. The relationship between statin use and circulating pro-inflammatory 

cytokines has been explored previously with and demonstrated inverse results in other patient 

populations.14–18  

Chapter 4 of this dissertation explored whether cholesterol may be the mechanism by 

which statins exert any observed influence on HNSCC risk or outcomes. To assess this 

association, I conducted a Mendelian randomization analysis through the utilization of 

instruments that were created using SNPs that were identified as being only statistically 

significantly associated (P<5x10-8) with each cholesterol measure (total cholesterol (TC), high-

density lipoprotein (HDL), low-density lipoprotein (LDL), triglycerides(TG)) based on a  joint 

metabochip and genome-wide association study (GWAS) analysis conducted by the Global 

Lipids Genetics Consortium.19  

The findings from this Chapter support a null association between cholesterol-related 

instruments and risk of developing HNSCC. These results are supported by a recently published 

paper investigating a similar relationship utilizing a different analytic technique in a larger 

study.20 When exploring the influence of the instruments on HNSCC outcomes among the cases 

with HNSCC, however, there appeared to be protective associations between TG and overall 

death as well as disease-specific death. These results were mainly observed when statin users 

were included in the analytic sample. After excluding cases who used statin drugs from the 

analytic sample, the association became relatively null. This may be due to a violation of the 

“exclusion restriction” assumption that the instrument is only associated with the outcome 

through the exposure.21 There was a positive association between TC and all of the outcomes 
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measured among cases (overall death, disease-specific death, and disease recurrence); 

although not consistently statistically significant, this association remained positive even after 

exclusion of cases using statin drugs. HPV status did not appear to modify the association 

between the cholesterol-related instruments and HNSCC risk or HNSCC outcomes. Findings for 

both outcomes were similar among those with HPV-positive and HPV-negative tumors. 

Due to the limited analytic sample size, this study probably did not have adequate power 

to detect statistically significant associations, with a larger sample size it is possible that the 

positive association observed between TC and HNSCC outcomes would become more precise 

and prove to be statistically significant. Future research in a larger more diverse analytic sample 

is necessary. 

Based on the findings described above, this dissertation identified a protective 

association between the use of statin drugs and HNSCC outcomes and two potential 

mechanisms that may explain this observed relationship (anti-inflammation/immunomodulation 

and cholesterol-lowering). These discoveries provide evidence to support the implementation of 

an adjuvant clinical trial to investigate the potential treatment properties of statins for HNSCC 

patients. Statins are a relatively safe medication with side effects occurring only rarely and 

generally with high doses.22 Although it appears as though mortality and other cancer-related 

outcomes among HNSCC patients has improved over time, this may not be related to 

improvements in treatment but rather the increase in HPV-positive associated disease and a 

decrease in HPV-negative disease in the United States due to a decrease in smoking and 

tobacco use over time.23  

Patients with HPV-positive disease have better prognosis than patients with HPV-

negative disease. This may be because the etiology of HPV-positive disease is different, it has a 

stronger immune response, different patient characteristics, and HPV- positive patients have a 

more favorable response to treatment.8,24 Currently there are not many tertiary prevention 
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options for HNSCC patients to improve survival and traditional treatment modalities often result 

in morbidities.25 Depending on the site and the stage of the disease patients are recommended 

surgery at the primary site as well as possible neck dissection, radiation, chemotherapy or a 

combination of the three treatments.26 Other more “targeted therapies” are emerging but these 

are still under investigation and are not a standard option.27 Particularly immunotherapy may be 

a beneficial treatment option for HNSCC patients given the immune response some patients 

elicit.28 Recently immunotherapy has appeared to improve outcomes among patients who have 

advanced disease in concurrence with other more conventional treatment.29  It is possible that 

statin use may improve outcomes in conjunction with these other treatment modalities. Not only 

will the implementation of a statin potentially improve prognosis for disease-specific outcomes 

but also may improve death due to other causes such as heart disease. Cholesterol levels are 

relatively easy and routine to test. It may be beneficial to all patients to have this measured and 

statins prescribed during their oncologic visit or after treatment initiation if they are found to have 

hypercholesterolemia. 

In addition to providing information about the potential beneficial effects of statins on 

HNSCC outcomes this dissertation supports the implementation of a risk stratification approach. 

Patients who develop HNSCC tumors’ are often tested for HPV. Especially if the site of the 

tumor is located within the oropharynx region. We have identified that patients whose disease 

was HPV-positive may benefit from statin use the most.  HPV testing for all patients regardless 

of disease site may be valuable to identify the most optimal treatment plan and who may benefit 

the most from statins.  

As it appears there is an association between cholesterol levels, particularly TC and 

HNSCC outcomes identified in Chapter 4. Although statins are a relatively safe drug, there are a 

few adverse effects that may inhibit a person from using them. The most common adverse 

effect is related to the muscles, particularly muscle pain and weakness.30 In addition to muscle 
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pain, people who cannot tolerate statin drugs may also have issues related to the liver.31 There 

are a plethora of other adverse effects that may occur but are not as common.32 If cholesterol-

lowering is the mechanism that is improving prognosis in patients with HNSCC, a patient who 

may not be able to tolerate statin drugs may still benefit from the use of other cholesterol-

lowering medications such as bile acid sequestrants, fibrates or niacin.33 These are also 

commonly used medications that can lower cholesterol, although they may not have the same 

anti-inflammatory or immunomodulatory impact as statin drugs. 

Future research is necessary to better understand the relationship between statin use 

and HNSCC outcomes and the mechanisms that may influence this association in larger, more 

diverse study populations. It also important to have a better understand of the dose-response 

relationship as well as investigate how duration of statin use may influence HNSCC outcomes.  

Unfortunately, the use of statins as primary prevention for HNSCC is not ethical or 

feasible. A large majority of the population uses statins; approximately 30% of American adults 

would be recommended statin use due to existing risk factors for cardiovascular disease.34 

Another issue is that HNSCC is quite rare, only occurring in 0.2-3.3 per 100,000 depending on 

the site of disease.8 To develop a cohort and implement a randomized control trial in which 

statins are administered at random and follow subjects through time to identify which subjects 

develop HNSCC would be expensive, require a long period of time and an extremely large 

sample size. It is also not ethical given the wide use of statins among adults in the United 

States; it would not be possible to forbid patients who are not assigned the treatment from using 

statins. This would probably lead to a large amount of contamination in the non-treatment group 

and if an intent-to-treat analysis was performed, the association would probably be biased 

toward the null.   

Although evaluating statins as a primary chemoprevention strategy is not feasible, 

assessing them for tertiary prevention is possible since they were found observationally to be 
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protective against mortality and recurrence, especially among patients whose tumors were 

HPV-positive. Prior to initiation of an adjuvant trial additional research is necessary. Identifying 

the type of statin (hydrophobic or hydrophilic), the dose and duration of use that is maximally 

beneficial is required. It would also be helpful to identify when after diagnosis or during 

treatment, the introduction of a statin would be the most helpful to improving prognosis. It is 

possible that because patients with HPV-positive disease have longer life-spans, they are 

benefiting the most from the use of statin drugs because they are possibly taking them for a 

longer period of time or are exposed to a larger dose over their lifetime. These are questions 

that are outstanding that need to be addressed before starting an adjuvant trial. 

  In order to have a better understanding about how the mechanisms of statin drugs may 

influence HNSCC risk and outcomes, additional research is necessary. It would be important to 

assess how TILs, particularly FoxP3 mediate the association between statin use and HNSCC 

outcomes and how this potential mediation is modified by HPV status. To further explore how 

the cholesterol-lowering mechanism impacts the HNSCC risk and outcomes, a much larger 

study must be conducted excluding all participants (cases and controls) who have used or are 

currently using statin drugs. Although the findings presented are promising, additional research 

is necessary to further elucidate the discoveries identified through this dissertation to provide 

evidence and inform treatment options for HNSCC patients. 
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