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STATINS EFFECT ON ONCOLOGIC OUTCOME IN LARYNX SQUAMOUS CELL CARCINOMA: A COMMENTARY ON OUR CLINICAL EXPERIENCE

RUNNING TITLE: statins

ABSTRACT

Purpose:  Some studies have suggested a protective role of statins in Head and Neck Squamous Cell Carcinoma (HNSCC) even though the real contribution of statins to morbidity and survival remains unclear.

Study Design: Observational retrospective case-control with a consecutive enrollment.
Methods: The aim of this commentary is to retrospectively evaluate the oncological protection and the outcome of the statin intake in a population of patients affected by larynx squamous cell carcinoma that underwent total or partial laryngectomy. We analyzed 109 patients with a focus on the percentage of statin intake. Overall survival (OS) was compared between patients underwent total or partial laryngectomy assuming statin or not. Furthermore, we compare statin intake in cancer patients with a population of non-cancer patients. We analyzed if statin intake could be statistically significant in increasing the overall survival. 

Results: The Kaplan-Meier survival curves for oncologic population assuming statins was 94,7% and 78% for patients that were not assuming statins. The Cox multivariate regression analysis didn’t identify a statistically significant OS benefit with statin intake.
Conclusion: Statin intake at the time of diagnosis of squamous cell carcinoma of the larynx has shown an improved OS even though statin consumption didn’t appear as a statistically significant variable probably due to the small number of patients analyzed. Another probable cause is the feedback of a medium delay of about ten years in statin assumption compared to the onset of the tumor and the emerged data of a smaller percentage of people assuming statins from the population analyzed, compared to the national medium. 
KEY POINTS:

Statins are inhibitors of the enzyme HMG-CoA reductase which converts the HMG-CoA into mevalonate, producing a metabolic and an energetic suffering of neoplastic cells. 
Several studies demonstrated pro-apoptotic, anti-proliferative, pro-autophagy, anti-invasive, anti-migrant, and radio-sensitizing effects of statins on cancers.
There are few studies concerning HNSCC and statins intake, even fewer are those on larynx and statins.
Our statistical analysis, in cancer patients,  didn’t identify a statistically relevant improvement of OS in relation to statin intake, probably due to the small number of patients analyzed. 
A  possible protective oncogenic capacity was lacking due to: a) an average delay of about ten years in taking statins with respect to the onset of the tumor, b) a smaller percentage of people taking statins than the national average.
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INTRODUCTION

Head and Neck squamous cell carcinoma (HNSCC) accounts for more than 90% of all malignancies of the upper aerodigestive tract. It is a debilitating disease characterized by a high morbidity and a 5-year relative survival rate ranging from 31.9%-89.5% due to some factors such as the site, the stage, and the presence of risk factors of the disease [1]. This kind of neoplasm 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, nasopharynx, oropharynx, and hypopharynx. 
Background/rationale: Several studies among different types of cancer proved an existing relationship between hyperlipidemia and carcinogenesis. An increased lipid level is related to a worse prognosis in case of small cell lung or breast cancer [2]. Statins, the most prescribed medications in men and women aged from 25 to 79 years, can prolong survival by reducing plasma level of low-density lipoprotein (LDLs), cholesterol and lipids, but also by negatively interfering with the metabolism of neoplastic cells. In fact, statins are inhibitors of the enzyme HMG-CoA reductase which converts the HMG-CoA into mevalonate, intermediate stage in the biosynthesis of cholesterol, producing a metabolic and an energetic suffering of neoplastic cells. Confirming this, several studies demonstrated pro-apoptotic, anti-proliferative, pro-autophagy, anti-invasive, anti-migrant, and radio-sensitizing, effects of statins on cancers [3]. Lovastatin has demonstrated to be cytotoxic against HNSCC cells in vitro and a disease stabilization capability. Atorvastatin significantly reduced the active form of RhoC (GTPase of Ras family) in vitro, and it decreased cell motility, invasion, proliferation, and colonies formation [4]. In vivo experiments revealed angiogenesis inhibition and reduction of pulmonary metastasis [5]. Simvastatin seems to inhibit monocarboxylate transporter 1 (MCT1), responsible of the absorption of mitochondrial energy in neoplastic cells [6]. 
 Objectives: The aim of this study is to correlate the statin intake with the incidence and the prognosis of larynx cancer. To achieve this, we evaluated statin consumption in a population of patient underwent total or partial surgery due to a diagnosis of larynx carcinoma at a different stage of disease, and we compared the same datum related to a no oncologic population selected from patient hospitalized at our department. 

Furthermore, data taken from neoplastic population were matched with the “Aifa National Report” 2020 – “Use of drugs in Italy” about statin consumption in Italy. 
MATERIALS AND METHODS

Study Design: Our study is an observational retrospective case-control one with a consecutive enrollment.
Setting:  In our study we enlisted 109 patients with laryngeal squamous cell carcinoma (LSCC) underwent surgery between 2015 and 2019 at the Department of Sense Organs of “Azienda Policlinico Umberto I” of Rome, and still in follow up at our center. We enrolled also 114 no-oncologic patients as population reference sample who underwent different kind of surgery (functional nasal sinus surgery, septoplasty, ear surgery etc.), with similar demographic characteristics to the group of patients with a diagnosis of LSCC. 
Participants: We excluded from our neoplastic study population: HPV-positive cancer, patients affected by past or present different type of cancer, patients assuming statin for less than a year and patients with a diagnosis of laryngeal (glottic) squamous cell carcinoma T1a and T1b, because their recovery with radiotherapy or surgery is of 98% and this would have distorted the statistical study with more comforting results. 
Variables: For each patient, we collected and checked out in our medical records their personal therapy and demographics characteristics such as gender, age, past medical history, drinking and smoking habits, ethnicity, tumor location, pathological staging of tumor (pTNM), the presence of complications due to the tumor invasion of the adjacent structures and histological features (HPV+).
Measurement: We divided the neoplastic patients in two groups according to the statins’ intake. We performed the Kaplan-Meier survival curves and evaluated the overall survival (OS) and the disease specific survival (DSS) among these two groups of patients. Furthermore, we evaluated the OS and DSS according to the type of surgery performed: total or partial laryngectomy. Moreover, we performed the Cox model to evaluate the contribution of each variable which could influence the disease relatively to the overall survival and the disease specific survival. 
Bias: The principal bias of our study is the small percentage of patient analyzed and enrolled which does not allow to have statistically significant results. 

Study size: We decided to enroll the most recently followed patients at our department to have access to their medical records. We retrospectively assessed the staging, statin intake, comorbidities and health status of patients through medical records and follow-up. 
Quantitative variables: From the data obtained we considered the possibility of an oncologic protective capability related to statin intake. Statin intake data were also compared with those of the reference population sample, composed by subject of the same demographics’ characteristics such as age, gender and comorbidity, but underwent surgery of different types (not for a neoplastic pathology).
The expected data are a) the number of patients with LSCC assuming statins is significantly lower than the number of the population reference sample; b) more advanced and aggressive tumors are more frequent in patients who didn’t assume statin; c) in the oncologic populations the overall survival (OS) is better in patients assuming statins; d) any cancer’s relapse was more frequent in people who didn’t assume statin. 
For the two neoplastic populations under investigation, we evaluated the absolute and the percentage value of people assuming statins due to the type of surgery performed and due to the diffusion (T and N) of the neoplasm obtained from the pTNM (Table 2).
The distributions of demographics characteristics, pTNM and treatments were compared using the chi-square test for categorical variables. 
Statistical methods: To evaluate the survival benefit of patients taking statins, Cox proportional hazards model were used to assess hazard ratios (HRs) with 95% confidence interval (CIs). Age, sex, pTNM, differentiation of the tumor and relative income were evaluated for in the multivariate models. All the variables considered were analyzed as categorical variables. A p value of <0.5 was considered as statistically significant.

All statistical analyses were performed using SPSS Version 25.0 (IBM Corp, Armonk, NY).

Informed consent was acquired from all patients before surgical procedures and the study was approved by our Institutional Review Board.
Our study was performed in accordance with the Declaration of Helsinki and all the collected data were anonymized. 
RESULTS
Participants: A total of 117 consecutive cases of laryngeal squamous cell carcinoma (LSCC), treated by total or partial laryngectomy were recorded and analyzed. We excluded from the study 8 patients: 4 people were taking statins from less than 12 months, 1 case was HPV-positive and 3 patients were affected by different neoplasms in the past. 

We enrolled a total of 109 neoplastic cases, 17 patients were females (15.6%) and 92 were males (84.4%). The mean follow-up time was 5 years. 
Descriptive data: All patients were of Caucasian race. A history of smoking was present in 78% of the enrolled cases and in the subtotal laryngectomy group the number of people assuming statin was greater than in the total laryngectomy one (15 vs 5). As well as the oncological patients enrolled, the statins’ intake is equally distributed among all the T and N stages. (Table 1).
Outcome data: The Kaplan-Meier survival curves of the OS for the total oncologic population assuming statins was 94,7%, instead the OS of patients that were not assuming statins was 78% (figure 1A). The OS was worse in patients who didn’t assume statins in each population analyzed. 

The statistical analysis showed an OS of 92.9% and 67,9%, respectively, in patients underwent partial laryngectomy assuming statins or not within a 5-years follow-up observation period. The OS in patients underwent total laryngectomy assuming statins or not was, respectively, 97.9% and 85.3%. So, in both groups of oncological patients, the Kaplan-Meier survival curves demonstrated a better OS for patients assuming statin than those who didn’t assume them (figure 1B-C). 
Overall survival for population reference sample assuming statins or not were 84.1% and 68.7%, respectively (figure 1D). Over the follow-up period, 5 (8%) patients underwent total laryngectomy and 3 (5%) underwent partial laryngectomy died due to different causes and none died from LSCC. Median DSS could not be calculated due to an insufficient number of deaths attributable to HNSCC. 
Main results: Multivariate regression analysis performed using Cox proportional hazards model of descriptive variables for all study patient group didn’t identify a statistically significant OS benefit with statin intake in our population study (figure 2). 

Statin intake, sex, age, and tumor differentiation didn’t demonstrate a statistically significant influence on the OS. 
The results from multivariate regression for OS are reported in Table 3. 
In the dispersion graph (Figure 3) we observe that there is not a linear relationship between the variables analyzed in relation to a better OS or to the stage of the tumor. We believe that this is due to the small sample size such as a less advanced stage of cancer correlates with a better survival in most of the cases. 
DISCUSSION AND CONCLUSIONS
Nowadays statins, a relatively low-risk class of medications, are one of the most prescribed drugs used to reduce blood lipid levels. Different preclinical studies showed directly cytotoxic effects of statin on malignant cells. 
The first studies about the role of Simvastatin on human non-small lung cancer cells were conducted by Pelaia et al. (2012) [7] and Chen et al. (2012) [8]. Afterwards different studies underline a role of the statins in the reduction of the capacities of proliferation and invasion of neoplastic cells, in case of human monocytic leukemia, breast and lung cancer, and melanoma. 

The first study concerning squamous cell carcinoma were conducted by Ma et al. (2012) [9] which studied lovastatin and pathways LKB1/AMPK activation that regulate its cytotoxic effects in squamous cell carcinoma and by Shi et al. (2013) [10] about human esophageal squamous cell carcinoma. After this first study, Song et al. systematically analyzed the association between statins and HNSCC highlighting a protective role of statin intake, and Islam et al. analyzed the capability of the Atorvastatin to inhibit RhoC function and limit head and neck cancer metastasis [5]. Recently there are few studies in literature that examined statins’ effects in patients with NHSCC. 

Key results: Relatively to the end points reported in the material and methods section, emerged from our analysis that only the 18,3% (20 patients) assumed statins at the time of diagnosis (15 among patients underwent partial laryngectomy and 5 among patients underwent total laryngectomy). Contrarywise 34 (30%) patients underwent ENT surgery for different disease was assuming statins for at least a year since the hospitalization time. We have not identified any relationship between T and/or N and statin intake.

We analyzed a population of 109 patients, 56 (51.4%) underwent partial laryngectomy and 53 (48.6%) underwent total laryngectomy; among them 3 (5%) and 5 (8%) patients, respectively, died due to different and not neoplastic causes. 

Limitations: Although the outcomes of our study support the hypothesis of a protective role of statin intake against LSCC, the multivariate regression of statin intake, sex, age, and tumor differentiation didn’t demonstrate a statistically significant influence of none variable analyzed, not even of the stage of the tumor, on the OS. The fact that even the stage of the tumor does not affect the OS led us to assume that the sample size involved was too small to be able to obtain statistically valid results and associations. 
To evaluate congruity of the data obtained we considered data from the Aifa national statement – 2020 “Drug Administration in Italy” about statins’ assumption in Italy. 
Aifa uses as a unit of measure “Defined Daily Dose/1000 inhabit ab die” (DDD/1000 inhabit ab die) and published data about all oral lipid-lowing agent’s (OL-LA) assumption in which statins are included too. 
Emerged that statins are the most taken drug but with regional variety: DDD/1000 inhabit ab die of 81,2 (median=80) with the first and third quartiles between 70 and 85 approximately; furthermore OL-LA are not hired for the whole calendar year due to problems with metabolic rest. 
The duration of therapy is 298,3 days/year (median 240 days/year) in the center of Italy; it is an important datum because if statin will be confirmed by future studies as a protective oncologic factor, they would not need constant intake [11].
According to Aifa’s data about half of statin users is aged between 74 and 85; 60% of our oncologic patients are younger (age between 65 and 74 years old), so our patients were more exposed to neoplastic risk because they were taking fewer statins in comparison. From this data it emerges that in Italy the age of onset of statin intake is on average later than the age in which the onset of cancer is found. Consequentially our population seems to be less protected from the benefits of assuming statins in relation to oncological risk. Fortunately, according to Aifa, statin intake is growing and there was a decrease of the average age of those who hire them, in fact it changed from 70 to 67 years.

Another aspect to highlight is that, according to Aifa’s report 2020, patients affected by hyperlipemia, and smokers are 26% and among these only the 25% are taking statins; the smoking patients in the population reference sample was 30.7% and the statin intake was present in 29.8%, differently in our series the 78% of oncologic patients were smokers and among them only the 16.9% was taking statins. It seems that in our oncologic population is missing the statin protective function on the carcinogenic action of smoke.
Although the Aifa’s data support a possible protective oncogenic capacity related to statin intake it wasn’t evident in our neoplastic population probably due to a) an average delay of about ten years in statins’ administration compared to the onset of the tumor and b) despite having a smoking rate three times higher than the national average, a smaller percentage of people was taking statins compared to the national medium (25% VS 16.9%) (Table 4).
Interpretation: Our study doesn’t confirm, from a statistical point of view, the protective role of statins from LSCC, a role that other authors, cited previously, have already highlighted, even if in their manuscripts this protective role is not attributable to a single mechanism of action on the inhibition of the oncogenesis and locoregional proliferation.

Our data showed that statins could improve the OS in the population analyzed, confirming that their intake is negatively related with the development of the head and neck squamous cell carcinoma but from a statistical point of view we didn’t receive a real confirmation concerning an oncological benefit, also probably due to a medium delay of about ten years in statin assumption compared to the onset of the tumor and the emerged data of a smaller percentage of people assuming statins from the population analyzed, related to the national medium. 
Generalizability: It suggests that statins could be used in future as adjunctive anticancer agents in case of confirmation of their large-scale oncological protective role. However, our evaluation has the important limitation of the number of patients analyzed. This study bias did not allow for a real assessment of the effect of statin intake in HNSCC. Further studies enrolling a bigger study’s population are recommended. 
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Legend

Figure 1. 
a) Kaplan Meier survival curve of total oncologic patients enrolled; 

b)  Kaplan Meier curve of subtotal laryngectomies assuming statins or not;

c) Kaplan Meier curve of total laryngectomies assuming statins or not;
d) Kaplan Meier of no oncologic population
Figure 2. Statin intake didn’t demonstrate a statistically significant improvemente in OS
Figure 3. Dispersion graph which doesn’t show a linear regression between none variables analyzed
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