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Introduction

The study of occlusive vascular diseases have long 
established the role of Lipid metabolism in disease 
development (Hajar, 1995; ENDO, 2010). In the 
1960s, the Framingham Heart Study provided the first 
widely accepted evidence that individuals with higher 
baseline blood cholesterol levels were more likely 
to experience myocardial infarction in subsequent 
years with blood pressure and that smoking also 
increased risk (ENDO, 2010). Since then, scientific 
research identified 3-hydroxy-3-methyl-glutaryl-CoA 
reductase enzyme, known as HMG-CoA reductase, as the 
rate-limiting enzyme in the cholesterol biosynthesis and 
became the major druggable target in coronary vascular 
syndromes treatment (Hajar, 1995).

From a physiological stand point, cells modulate their 
anabolic and catabolic pathways according to nutrient 
availability, however, malignant cells resist physiological 
regulatory mechanisms of metabolism to counter stresses 
such as nutrient deficit. When it comes to lipid metabolism, 
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instead of relying on the uptake of exogenous fatty 
acids, cancer cells increase de novo lipogenesis, thus, 
upregulating their signaling molecules. Several studies 
have identified enzymes that has significance in the role 
of lipid metabolism in lung cancer cells such as fatty acid 
synthase (FAS), stearoyl CoA desaturase 1 (SCD 1), the 
ABC family of transporters, and ATP citrate lyase (ACLY) 
(Visca et al., 2004; Cerne et al., 2010; Noto et al., 2013; 
Merino Salvador et al., 2017). The ratio of saturated 
to monounsaturated fatty acids affects cell function 
and membrane fluidity and studies have proposed that 
increased monounsaturated fatty acids can be a predictive 
marker for poorer prognosis(Agustsson et al., 2007), 
and so, SCD1 expression has been linked to malignant 
transformation, proliferation and survival of tumor cells 
(Merino Salvador et al., 2017). 

Among the ABC family of transporters is the ABCA1 
protein (ATP-binding cassette transporter or cholesterol 
efflux regulatory protein - CERP), which mediates 
the efflux of cholesterol and phospholipids and their 
transformation into apolipoprotein A1 part of high-density 
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lipoprotein (HDL). Members of the ABC family of 
transporters also contribute to the efflux of drugs, which 
could influence their intracellular concentrations and 
subsequently resistance to therapy (Merino Salvador et al., 
2017). This was particularly for platinum-based regimens 
in lung cancer patients (Yoh et al., 2004) . Another study 
looked at the distribution and accumulation of the EGFR 
inhibitor gefitinib in NSCLC cell lines with differing 
levels of ABCG2 plasma membrane levels and suggesting 
that the silencing or overexpression of ABCG2 affects 
intracellular gefitinib content by modulating its uptake 
(Galetti et al., 2015).

ACLY positive expression was linked to poor survivals 
in lung cancer (Osugi et al., 2015). However, Hanai et al., 
(2012) were able to show ACLY knockdown promotes 
apoptosis and differentiation which leads to the inhibition 
of tumor growth in vivo. Statins, which act downstream of 
ACLY in the cholesterol synthesis pathway, dramatically 
enhanced the anti-tumor effects of ACLY inhibition, 
leading to tumor regression. Thus, statin treatment 
affect both the PI3K/AKT and the MAPK pathways and 
combining it with ACLY inhibition reduced EGF receptor 
resistant tumor cells growth.

Consequently, Chan et al., (2003) proposed mechanisms 
for statins’ effects on apoptosis, proliferation, invasion, 
and radio-sensitization of cancer cells and supported their 
applications as molecular targeted agents. Their anti-
proliferative effect was achieved through blocking G1 to 
S transition of cell cycle, and since cells located in late G1 
and G2-M phases of the cell cycle are more sensitive to 
ionizing radiation-induced cell death, statins can potentially 
sensitize cells to radiation. Their apoptotic effects was 
through depletion of geranylgeranylated proteins (Chan et 
al., 2003; Graaf et al., 2004), decreased expression of the 
anti-apoptotic Bcl-2 and increased expression of the pro-
apoptotic Bax. The anti-invasion properties were mediated 
through diminishing EGF-induced translocation of RhoA 
from the cytosol to the plasma membrane fraction and the 
actin stress fiber assembly without inhibiting the tyrosine 
phosphorylation of EGF receptor or c-erbB-s (Chan et 
al., 2003). Other studies have shown similar mechanisms 
(Page et al., 1993; Oudat et al., 2002; Khanzada et al., 
2006; Hoque et al., 2008).

For the past 35 years the number one and number 
two causes of death in all persons in the United States of 
America have remained diseases of the heart and malignant 
neoplasms, respectively (C. for Disease Control, 2017). 
Lung Cancer, in particular has been the leading cause of 
death in cancer patients in the United states (Anon, n.d.; 
Jemal et al., 2010; Rahouma et al., 2018). The disease can 
have multiple subcategories and histiologies that do not 
seem to comply with guidelines (Karim et al., 2017, 2018; 
N. et al., 2017; Eldessouki et al., 2018; Eldessouki et al., 
2018a; Eldessouki et al., 2018b; Gaber et al., 2019). There 
is a push to find novel uses for existing FDA approved 
drugs in the treatment of other diseases with the benefit 
not only being for known safety, dosage, and toxicity; but 
also saving time and money with regards to development 
(Junior, 2015; Hassan et al., 2017; N et al., 2017; Abdel 
Karim et al., 2018, Abdel Karim et al., 2019). Also, the 
advances in the biomarkers field of cancer suggest strong 

association between cell metabolic activity and tumor 
load(Gaber et al., 2018). Hereby, we introduce.

Materials and Methods

Patients Data
In a single academic-based institution (University of 

Cincinnati Medical Center), we retrieved our electronic 
medical database from January 2011 till June 2017. 
Patients with lung cancer, including non-small cell lung 
cancers (NSCLC), small cell lung cancers (SCLC) and 
rare histopathologic types, were retrospectively identified. 
Patients without a tissue diagnosis were excluded from 
analysis. EPIC (Epic Systems Software, Verona, WI) was 
implemented to collect data on patient demographics, 
histopathological diagnosis, clinical stage (see Table 1), 
duration of patients taking medication, date of death and 
other variables were collected. S+ patients were identified 
and S– were used as the control group. Death was the end 
point of the study.

Survival and follow-up data
OS is the time from date of diagnosis to the date 

of death from cancer or other causes or date of last 
follow-up28,30. Median follow-up was 17 months 
(95% confidence intervals (95% CI) =11.14–24.26) 
for the whole group, while it was 25.63 months (95% 
CI=19.98-31.37) in S+ vs 15.23 months (95%CI=11.80-
18.66) for S- patients.

Outcomes
The primary outcomes were to identify OS for the 

whole study population, and for each arm of the study 
(S+ and S-). Analysis was done using the Kaplan-Meier 
survival curves and compared using Log-rank test.

The secondary outcomes were to compare the 
clinico-demographical data between Statins +ve vs. Statins 
–ve among the whole cohort and to compare survival in 
different gender subgroups (females and males) among 
S+ vs. S– cohorts.

Statistical analysis
Categorical variables were reported as absolute 

numbers (frequency percentages) and compared using 
Pearson’s Chi-square (χ2) test. Continuous variables 
were presented as a median and IQR and compared 
using Mann-Whitney U test. Cox regression was used 
to identify factors predicting DFS in both uni- and 
multivariate analyses. Kaplan-Meier survival curves with 
P value <0.05 was considered statistically significant. 
Unadjusted and adjusted Cox proportional hazard ratios 
(HR) and 95% confidence intervals (95% CI) were 
conducted as confirmatory tests to the results obtained 
in K-M curves. Adjustment were done based on different 
variables combinations (age, gender, race and stage) 
with statins therapy. Statistical analyses were conducted 
using “survival” package in R (version 3.3.3 R Project for 
Statistical Computing).
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age of the study population was 64 years (IQR; 55-69). 
Adenocarcinoma predominated the histological types at 
55.4%, followed by for squamous cell carcinoma at 31.7% 
and 56.5% of the patients were stage IV. (see Table 1).

Compared to S+, S– patients were more likely to 
be younger 61years (IQR; 55-68; P<0.001). Stage IV 

Results

Clinico-demographical data
A total of 200 patients were recruited in this analysis, 

S+ group=41patients. Females represented 45% of the 
population, and 71.2% were White/Caucasian. Median 

Variables Groups S – (n=159) S + (n=41) Total (n=200) P-value
Age Continuous variable 61 (55-68) 64 (61-74) 61 (55-69) 0.0003
Median (IQR)
Gender n (%) Females 71 (44.7) 19 (46.3) 90 (45.0) 0.846

Males 88 (55.3) 22 (53.7) 110 (55.0)
Race n (%) White/Caucasian 69 (71.1) 25 (71.4) 94 (71.2) 0.974

Non-white 28 (28.9) 10 (28.6) 38 (28.8)
Histology n (%) Adenocarcinoma 83 (56.1) 20 (48.8) 103 (55.4) 0.517

SCC 43 (29.7) 16 (39.0) 59 (31.7)
Others 19 (13.1) 5 (12.2%) 24 (12.9)

Stage n (%) Stage I-III 58 (38.9%) 23 (62.2%) 81 (43.5)
Stage IV 91 (61.1%) 14 (37.8%) 105 (56.5) 0.011

Median OS In months 13.7 (9.13-37.7) 15.6 (9.7-NA) 14.9 (10.1-26.9) 0.652
Median OS (Females) In months 9.67 (7.35-11.98) NR ------- 0.027
Median OS (Males) In months 26.90 (9.57-44.23) 9.70 (2.90-28.22) --------- 0.155

Table 1. Showing the Demographics of the Patients

Variable P-value HR Lower 95%CI Upper 95%CI
Statin effect 0.723 0.906 0.523 1.568
Statin effect adjusted to age 0.606 0.86 0.485 1.526
Statin effect adjusted to gender 0.702 0.898 0.517 1.56
Statin effect adjusted to race 0.893 0.956 0.497 1.84
Statin effect adjusted to stage 0.863 1.052 0.592 1.869
Statin effect adjusted to age & race 0.872 0.945 0.473 1.888
Statin effect adjusted to age & gender 0.57 0.845 0.473 1.509
Statin effect adjusted to gender & race 0.923 0.968 0.501 1.87
Statin effect adjusted to age, gender & race 0.907 0.959 0.477 1.93
Statin effect adjusted to age, gender, race & stage 0.778 1.109 0.542 2.267

Table 2. Showing Statin Variable Adjusted Statin Effect on OS

Figure 1. Showing Survival Curves of the Whole Study Population
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predominated in S– group (61.1% vs 37.8%; P=0.011). 
However, there was no difference regarding gender, race 
or histology.

Survival
The median OS for the whole study population was 

14.9 months (95%CI 10.1-26.9)-see Figure 1.
The median OS was lower in S– vs S+ was 13.7 vs 15.6 

months, respectively (P=0.652). In Figure 2: unadjusted 
Cox proportional hazard ratio was 0.91(0.52-1.57).

Different subgroup analyses were conducted and 
revealed better survival for females on statins (S+ vs S– is 
NR vs 9.67, 95%CI 7.35-11.98, P=0.027)-see Figure 3. 
However, there were overlapping confidence intervals 
in the K-M curves that undermine the strength of this 
result. As a confirmatory step, we did Cox proportional 
hazard ratio adjusted to gender that revealed absence 
of significance in S+ (HR=0.90, 95%CI=52-1.56)-see 
Table 2. 

After different types of adjustments, S+ was not 
associated with any survival advantages (P>0.05).

 

Discussion

In this study, we have focused on sub population 
of lung cancer patients from 2011 to 2017 presented to 
our institute who received statins during the duration of 
active cancer treatment. Previously, we published clinical 
studies that focused on our experience with lung cancer 
patients with rare and less common presentation such as 
clear cell lung cancer, pulmonary sarcomatoid and large 
cell neuroendocrine carcinoma of the lung (Eldessouki et 
al., 2018; Eldessouki 2018b; Karim et al., 2018). Statins 
are established FDA approved drugs that have been well 
studied in terms of safety, dosage, and toxicity. For the 
past several decades there have been increasing blood 
cholesterol and lipid levels among Americans, making 
statins a commonly prescribed and relatively inexpensive 
drug. There have been numerous studies that show statin 
use as either a benefit or no harm in cancer treatment 
(Oudat et al., 2002; Seckl et al., 2017). A study looking at 
the entire Danish population who had received a diagnosis 
of cancer from 1995-2007 observed that all-cause 
mortality among patients with cancer who were taking 
statins was reduced by 15% (95% CI, 13-17) and the 
multivariable-adjusted hazard ratio for death from cancer 

Figure 2. Showing the OS Difference between Both Arms of the Study

Figure 3. Showing Survival Advantage in OS for Females who Receive Statin
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among statin users, as compared with patients who had 
never used statins, was 0.85 (95% CI, 0.82-0.87) (Nielsen 
et al., 2012). Katz et al., (2005) assessed if statins may 
enhance the efficacy of neodjuvant chemoradiation in 
rectal cancer by analyzing pathologic complete response 
rates (no microscopic evidence of tumor). They found 
that the rates with statin use were 30% compared to 17% 
without (p = 0.10) and the OR for statin use was 4.2 (95% 
CI, 1.7-12.1; p = 0.003) concluding that the use of statins 
was associated with an improved pathologic complete 
response rate. Mace et al., (2013) also found statin therapy 
to be associated with an improved response of rectal cancer 
to neoadjuvant chemoradiation by showing that patients 
in the statin cohort had a lower median regression grade 
(1 vs 2, p = 0.01) and were more likely to have a better 
response (grades 0–1 vs 2–3) than those not taking a statin 
(65.7% vs 48.7%, p = 0.004).

Fiala et al., (2015) found that statins augment the 
efficacy of EGFR-TKIs in patients with advanced stage 
NSCLC with KRAS mutation. The median progression 
free survival for patients treated with EGFR-TKI without 
statin was 1-month vs 2 months for patients treated with 
combination of EGFR-TKI and statin (p = 0.025). The 
median OS for patients treated with EGFR-TKI without 
statin was 5.4 months vs 14 months for patients treated 
with combination of EGFR-TKI and statin but and the 
difference was not statistically significant (p=0.130).

With laboratory research showing that statins increase 
the effects of chemotherapy on lung cancer cell growth in 
vitro, LUNGSTAR, a clinical trial in the UK, looked at 
chemotherapy with and without pravastatin to treat SCLC. 
To date, LUNGSTAR is one of the largest randomized trials 
of statin therapy in cancer patients. The study administered 
pravastatin or matching placebo (40 mg) orally once 
per day from the start of standard chemotherapy for 2 
years unless disease progression or intolerable toxicity 
occurred. The 2-year OS rate in pravastatin patients was 
found to be 13.2% (95% CI, 10.0 to 16.7) versus 14.1% 
(95% CI, 10.9 to 17.7) in placebo with a hazard ratio of 
1.01 (95% CI, 0.88 to 1.16; P = .90). The median OS was 
10.7 months v 10.6 months, respectively and the median 
progression-free survival was 7.7 months v 7.3 months, 
respectively. They concluded that when combined with 
standard platinum chemotherapy pravastatin use did not 
improve outcomes in patients with SCLC, nor in those 
with limited stage or extensive stage disease (Seckl et al., 
2017). This retrospective study, while showing a possible 
benefit of statin use with an increased OS of 648 days in 
patients taking statins vs 539 in the control, did not reach 
statistical significance (p value = 0.513, HR = 0.840). 

In conclusion, while showing an increase in overall 
survival in patients with advanced lung cancer, the results 
of this study did not reach statistical significance. This 
could be due for the small sample size of this retrospective 
study. It is also important to note that neither the specific 
statin used nor the dosages were reported. As atorvastatin, 
lovastatin, and simvastatin are lipophilic, there may 
be differences in their pharmacology when compared 
to hydrophilic statins. Larger prospective studies are 
warranted to further investigate the role of statins in lung 
cancer.
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