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Abstract

Head and neck squamous cell carcinoma (HNSCC) is a morbid cancer with poor outcomes.
Statins possess anti-cancer properties such as immunomodulatory and anti-inflammatory effects.
The objective of this study is to identify the association between statin use among untreated
HNSCC patients and overall death, disease-specific death and recurrence. HNSCC patients were
recruited 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. Cox proportional hazard
models were used to estimate the association between ever statin use and HNSCC outcomes.
Statin use was seen in 36.0% of participants. We observed a statistically significant inverse
association between ever using a statin and overall death (HR=0.75, 95%CI=0.63-0.88) and
HNSCC-specific death (HR=0.79, 95%CI1=0.63-0.99) and a non-statistically significant inverse
association for recurrence (HR=0.85, 95%CI1=0.70-1.04). When investigating the association
between statin use and HNSCC outcomes utilizing interaction terms between statin use and
human papillomavirus (HPV), statistically significant interactions 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%CI1=0.71-1.51; p-int-0.02; recurrence: HPV-positive HR=0.49,
95%C1=0.29-0.84; HPV-negative HR=1.03, 95%CI1=0.74-1.43; p-int-0.02). Statin use may be
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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.

Keywords

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Statins; Head and Neck Cancer; Human Papillomavirus; Survival; Recurrence

Background

Head and neck squamous cell carcinoma (HNSCC) is a debilitating disease with high
morbidity and 5-year relative survival rate ranging from 31.9%—-89.5% depending on the
site of disease.l 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.*> 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.’” This may be related to the difference in patient characteristics between patients
with HPV-positive tumors and patients with HPV-negative HNSCC.5:7

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.? Thus, it is hypothesized that they may prevent the
development or progression of cancer through these mechanisms or through cholesterol
lowering.? 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 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 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.1# This is important because
HPV-positive HSNCC is increasing in the US and have different pathogeneses and immune/
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inflammatory response modulation. 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

Exposure

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 Il
(SPORE I and SPORE II). Participants in SPORE | were diagnosed and recruited from
2003-2008 and recruitment for SPORE |1 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.18-17 There were 1,648 patients who were recruited through the University of
Michigan in SPORE | (N=606) and SPORE Il (N=1,042). Of the patients who participated
in the Head and Neck Cancer SPORE, 1,638 participants had complete information on statin
use.

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

follow-up was previously collected for SPORE | participants from the medical record.

For the current analysis, medication information for SPORE Il participants was newly
collected through medical record abstraction. The following statins were used among
SPORE II participants: Atorvastatin (Lipitor, Caduet)= 23.7%, Lovastatin (Mevacor)=9.9%,
Pravastatin (Pravachol)=11.7%, Rosuvastatin (Crestor)=9%, Simvastatin (Simcor, Zocor,
Vytorin)=46.5%; total does not equal 100% because categories were not mutually exclusive,
3 participants reported taking 2 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 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 |1 participants for whom pre- and post-diagnosis use could
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be differentiated. Trained research 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.1®

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, body mass index (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 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 | or SPORE |1 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. 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
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presented results from a fully adjusted model (adjusted for, age (continuous), BMI (<25, 25—
<30, 30+ kg/m?2, missing), ACE-27 (none, mild, moderate, severe), gender (female, male),
education (less than high school, high school or General Education 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 Il participants, as explained
above. The 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,
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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.

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.

Descriptive statistics of statin use across baseline demographic and clinical characteristics
are displayed in Table 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% CIl= (0.63, 0.88)] and
disease-specific [MV-adj HR=0.79; 95% Cl= (0.63, 0.99)] death among HNSCC patients

in this study (Table 2). Similarly, we observed a suggestive inverse association between

ever statin use and disease recurrence [MV-adj HR= 0.85; 95% CI= (0.70, 1.04), Table

2]. Results from the fully adjusted model were similar (Table 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)
(Supplemental Materials, Table 1); results from these additional analyses are consistent with
the findings presented in Table 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%
Cl=(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% ClI=(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 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

Int J Cancer. Author manuscript; available in PMC 2022 June 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Getz et al.

Page 7

HPV status was negative was observed: [MV-adj HR= 1.03; 95% Cl= (0.74, 1.43)], p for
interaction=0.02. Results were very similar when we excluded participants who had distant
metastatic disease (Supplemental Materials, Table 2) as well as when we included a missing
category for HPV status or when IPW was used to address missingness (Supplemental
Materials, Table 3). 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 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% ClI=(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% ClI= (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 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 3).

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).

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.1#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.1415 Higher BMI has been found to
be protective against adverse HNSCC outcomes.?1-23 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.24 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
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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.925 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-6.17:26.27 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 pro-inflammatory cytokines among statin users.28-
31 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.32 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.26:27.33-37

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 (Supplemental
Table 1). After excluding participants with distant metastatic 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
(Supplemental Table 2). 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
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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 I1 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 Il 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.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Novelty and Impact:

Statin medication use was associated with a lower rate of overall mortality in all patients,
but was associated with a lower rate of disease-specific mortality and disease recurrence
only among patients with HPV positive tumors. Our findings 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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