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Abstract

Objective. The rising incidence of head and neck squamous
cell carcinoma (HNSCCQ) calls for the assessment and impro-
vement of currently available therapies that may enhance
the therapeutic ratio in these patients. Statin drugs are one
of the most widely used drug classes in the world for their
lipid-lowering properties. As such, statins have been widely
studied and found to possess pleiotropic effects that may
make them effective in cancer treatment and toxicity miti-
gation. The aim of this review is to examine the potential
use of statin drugs as adjunctive therapy in patients with
HNSCC.

Data Sources. PubMed.

Review Methods. Any preclinical or clinical articles pertaining
to the effects of statin drugs on treatment-related toxicity
or survival outcomes in patients with head and neck cancer
were included in this narrative review.

Conclusions. Emerging data suggest that statins may improve
survival and reduce toxicities associated with chemotherapy
and radiotherapy in patients with head and neck cancer, by
mechanisms that are poorly understood at present.

Implications for Practice. Given their affordability and safety,
statins deserve further study as a tool to improve oncologic
outcomes and enhance survivorship in patients with HNSCC.
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ince isolated from fungi by Akira Endo and later
approved for medical use by the Food and Drug
Administration (FDA), statin drugs have become one
of the most widely used drug classes in the world for treat-
ment of hyperlipidemia.' Statins are inhibitors of the hydroxy-
methylglutaryl-CoA (HMG-CoA) reductase enzyme, a key
molecule in the biosynthetic pathway of cholesterol. By

inhibiting this enzyme, statins decrease the hepatic cholesterol
concentration. Moreover, statins initiate the upregulation of
low-density lipoprotein (LDL) receptor in the liver to take up
more LDL cholesterol from the blood, further decreasing
blood cholesterol levels. Statins have a higher affinity for the
HMG-CoA reductase enzyme than the natural HMG-CoA
substrate, making it a highly effective drug class.? Over the
years, extensive study has revealed that statins possess addi-
tional properties beyond lowering lipids. Mohammad et al
reviewed the literature concerning the pleiotropic effects of
this class and found it to exert anti-inflammatory and immu-
nomodulatory effects that may be of benefit in treating many
other diseases, including cancer.’

Head and neck squamous cell carcinoma (HNSCC) is a rel-
atively common cancer in developing countries and the sixth-
most common cancer in the world. The etiology of HNSCC is
multifactorial, but strong associations have been identified
with tobacco, alcohol, and the high-risk subtypes of human
papilloma virus (HPV). HPV-related HNSCC has a unique
biology and better prognosis in comparison with non—HPV-
related HNSCC due to its relatively favorable response to
treatment. However, the incidence of HPV-related HNSCC is
increasing.* Currently, the treatment for both subtypes of
HNSCC includes surgery, chemotherapy, and radiation or
various combinations of these 3 treatment modalities, depend-
ing on the stage and location of the tumor. Despite advances
in these modalities, the prognosis for HPV-negative HNSCC
remains poor, and treatment often entails considerable short-
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Table 1. Studies Relevant to the Effects of Statins on Toxicity and Survival in HNSCC.

Study

Type of study

Relevant findings

Getz, International Journal of Cancer (2020)”

Gupta, Oral Oncology (2019)8

Lebo, Head and Neck (2018)°

Mebhibel, Scientific Reports (2018)°

Addison, Journal of Stroke (2018)'®
Bourgier, International Journal

of Radiation Oncology Biology Physics (2019)'?
Fernandez, Hearing Research (2020)'°

Fernandez, Journal of Clinical Investigation (2021)"'

Lee, Journal of Stroke (2018)'7

Survival outcomes/anticancer activity

Retrospective cohort study from a single
institution

Retrospective cohort study based on
SEER Medicare database

Retrospective cohort study based on
Ontario Cancer Registry

Preclinical murine study

Treatment-related toxicities
Retrospective cohort study from a single
institution
Prospective phase 2 study of pravastatin
as an antifibrotic agent for head and
neck cancer treated with radiation
Preclinical murine study

Prospective/retrospective observational
study of hearing loss in HNSCC treated
with cisplatin chemoradiation

Retrospective cohort study based on
National Health Insurance Research
Database (Taiwan) with propensity

Inverse association between statin use and
death; inverse association between statin
use and cancer-specific death seen only
in HPV+ cohort

Patients with hyperlipidemia taking a statin
at diagnosis had improved overall and
cancer-specific survival vs patients not
taking a statin

Patients taking statins upon diagnosis of
HPV- squamous cell carcinoma of the
larynx, hypopharynx, or nasopharynx
had superior overall and disease-specific
survival vs patients not taking statins

Simvastatin prevented growth of head and
neck cancer cells in vitro and delayed
formation of tumor xenografts in vivo

Reduced incidence of ischemic stroke
after radiation (hazard ratio, 0.4)

Pravastatin reduced radiation fibrosis by
>30% in half of patients after 12 mo of
use

Lovastatin mitigated cisplatin-induced
hearing loss in adult mice, with more
pronounced effects in female mice

Patients taking atorvastatin were 53% less
likely to develop hearing loss after
cisplatin chemoradiation

No significant difference in incidence of
ischemic stroke among statin users vs
nonusers

matching

Abbreviations: HNSCC, head and neck squamous cell carcinoma; HPV, human papilloma virus; SEER, Surveillance, Epidemiology, and End Results.

and long-term toxicities.” This narrative review examines the
use of statin drugs as adjunctive therapy in patients with head
and neck cancer by highlighting effects on oncologic out-
comes, analyzing effects on toxicities associated with che-
motherapy and radiotherapy, and describing the future work
needed to evaluate the validity of incorporating statin drugs
into treatment regimens for HNSCC.

Methods

A search was performed in PubMed for any articles pertaining
to the use of statin drugs in head and neck cancer (keywords
“head and neck cancer,” or ‘“‘squamous cell carcinoma’
combined with ““statins’”). Nine studies relevant to the effects
of statins on treatment-related toxicities and/or survival were
included in this narrative review (Table 1). Preclinical/
animal and clinical/human studies were included.

Discussion
Impact of Statins on Survival Outcomes

Emerging preclinical and clinical data suggest that statin
drugs may have some activity against HNSCC. Statin use has
shown promising results in a few large retrospective database
studies that investigated effects on survival and recurrence in
HNSCC. In a study of 1194 patients from the Ontario Cancer
Registry, patients with HPV-negative HNSCC of the larynx,
hypopharynx, and nasopharynx who were taking a statin had
better overall and disease-specific survival than those who
were not taking a statin at or before cancer diagnosis.® When
statin use was adjusted to have a more stringent timeline of 1
year before diagnosis and 4 months after diagnosis, these
results held.® A large single-institution retrospective study
showed similar results.” When subgroup analyses were done
to assess the effects of HPV status with HNSCC, overall
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survival was increased for patients taking a statin who were
HPV positive or negative, while disease-specific survival was
increased by statins only in patients with HPV-positive dis-
ease.’ In a retrospective study using the SEER Medicare data-
base, Gupta et al classified patients with HNSCC as having
hyperlipidemia plus using a statin, having hyperlipidemia but
not using a statin, or not having hyperlipidemia. Patients with
hyperlipidemia who were taking a statin had increased overall
and disease-specific survival versus those with hyperlipidemia
not taking a statin and those without hyperlipidemia. Interestingly,
improvement in disease-specific survival was disproportionately
greater than the improvement in overall survival, suggesting that
the cancer might be targeted by statin drugs.®

The mechanisms by which statins may target HNSCC cells
are not well understood. In a preclinical study, simvastatin,
but not pravastatin, inhibited the proliferation of HNSCC cell
lines and delayed the formation of tumors after subcutaneous
inoculation of tumor cells in mice, in part via the upregulation
of MCT1 (monocarboxylate transporter 1), an important med-
jator of lactate metabolism.” A systematic review found that
multiple preclinical studies demonstrated evidence that statins
exert anticancer effects on HNSCC cell lines, including inhi-
bition of growth, invasion, and metastasis of tumor cells.’
Additional preclinical studies might elucidate the mechanisms
of statin activity in HNSCC and assist in determining its use-
fulness in combined modality therapy for HNSCC. The
enhanced survival in HNSCC among patients taking statins
under a variety of circumstances suggests that the use of statin
drugs deserves further study in preclinical models and pro-
spective clinical studies of HNSCC.

Impact of Statins on Toxicities of Chemotherapy and
Radiation

In addition to prolonging the survival of patients with
HNSCC, statin drugs have gained interest due to their poten-
tial to ameliorate some treatment-related toxicities that may
affect quality of life among survivors. For example, cisplatin
is an effective chemotherapeutic drug for HNSCC that
may cause ototoxicity, presenting as tinnitus and/or a high-
frequency sensorineural hearing loss.'® In a study of HNSCC
treated with cisplatin chemoradiation, statin users had reduced
incidence of hearing loss when compared with those who
were not on a statin, even though the nonusers were younger
and had better hearing at baseline. Subgroup analyses
revealed a 53% lower incidence of hearing loss among
patients taking atorvastatin, regardless of the dose. When
hearing loss did occur, the severity by Common Terminology
Criteria for Adverse Events was milder in atorvastatin users
versus nonusers.''

Many patients with HNSCC are at risk of developing
radiation-induced cutaneous and subcutaneous fibrosis (RIF),
which can lead to dysphagia, trismus, lymphedema, and/or
restricted range of motion in the neck. In a prospective study
of patients with HNSCC and grade 3 or 4 RIF, pravastatin (40
mg/d) was started at a mean interval of 17 months after radia-
tion and then continued for 12 months. The use of pravastatin

in this setting led to a decrease in thickness and severity of
RIF, improved quality of life, and minimal toxicity for the
duration of 12 months in most patients.'?

Radiation can also adversely affect the cardio- and cere-
brovascular systems, resulting in stroke and myocardial
infarction. Among survivors of HNSCC, there is an increased
risk for stroke due to radiation-related damage to the carotid
artery. The rate of stroke is reported to be as high as 24% at 20
years after completing radiation therapy, as opposed to <5%
in the general population.'*'* There is some evidence that sta-
tins may mitigate radiation-related vascular injury. A prospec-
tive study investigating the effect of radiation therapy on the
carotid arteries found a significant increase in intima-media
thickness, which is an early biomarker of radiation injury.
Interestingly, the degree of change in carotid artery intima-
media thickness was directly correlated to the baseline level
of LDL cholesterol.'> In a retrospective study by Addison
et al, statin use in patients with HNSCC treated with radiation
resulted in a 60% relative risk reduction in stroke events.'® Of
note, these differences were highly significant despite statin
users having higher vascular comorbidities, such as older age,
diabetes, and hypertension. The anti-inflammatory and anti-
oxidative effects of statin drugs are thought to play a role in
reducing the endothelial dysfunction of blood vessels induced
by radiation therapy.'® However, in a retrospective study that
included patients with nasopharyngeal cancer from Taiwan,
propensity score matching showed no significant effect of
statin use on the incidence of stroke,'” suggesting that the
study population and anatomic subsite may influence the
effects of statins on radiation-induced cerebrovascular events.

Limitations of the Current Literature

The effects of statin drugs on survival outcomes and treatment-
related toxicities in patients with head and neck cancer is an
emerging topic, with insufficient published data to perform an
unbiased systematic review or meta-analysis. Furthermore, the
studies to date, summarized in this narrative review, consist of
preclinical and retrospective clinical studies, which introduce
further bias. Indeed, such studies can show associations but do
not accurately demonstrate a causative relationship between
statin use and outcomes. The ability to adjust for possible con-
founding factors may be limited in cohort studies where clinical
information on each subject is limited. Last, immortal time bias
can produce results that favor the treatment group, which has
likely influenced large cohort studies investigating the effects
of statins on cancer risk or outcome studies.'®

Implications for Practice

Statin drugs represent a promising strategy for improving the
treatment of head and neck cancer. Studies have shown that
statins may enhance survival outcomes while abating the toxi-
cities of chemoradiation therapy, thereby reducing morbidity
and enhancing quality of life. However, further research is
necessary to determine whether statin drugs should be incor-
porated into the treatment of HNSCC. Several important ques-
tions remain:



OTO Open

e What are the mechanisms by which statins convey
anticancer activity?

e Do statins exhibit anticancer activity in all forms of
head and neck cancer? The retrospective cohort stud-
ies summarized in this review suggest that statin
activity may be variable according to the anatomic
subsite and/or HPV status.

e Which statins are most efficacious? Would lipophilic
statins, with their broader extrahepatic distribution,
prove more effective than hydrophilic statins? Are
high-intensity statins, which have stronger lipid-
lowering effects, more effective than moderate-
intensity statins? Since there are 7 commercially
available FDA-approved drugs in this class, it would
be valuable to identify the statin (or statins) that pro-
vides the most benefit if there is such distinction.
Some of the studies described here and others in the
literature suggest that off-target effects can vary dra-
matically among high-intensity statin drugs.

o What dose should be used?

e When should statins be started, and how long should
they be continued?

Although these mysteries remain, there is growing evidence
that these inexpensive, well-tolerated FDA-approved drugs
deserve further study in preclinical and prospective clinical
studies for HNSCC and other cancers.
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