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Abstract

Objectives—Prior studies have shown an anticancer effect of statins in patients with certain
malignancies. However, it is unclear whether statins have a mortality benefit in lung cancer. We
compared survival of patients with stage IV non-small cell lung cancer (NSCLC) receiving vs. not
receiving statins prior to diagnosis.

Methods—Using data from the Surveillance, Epidemiology and End Results registry linked to
Medicare claims, we identified 5,118 patients >65 years of age diagnosed with stage IV NSCLC
between 2007 and 2009. We used propensity score methods to assess the association of statin use
with overall and lung cancer-specific survival while controlling for measured confounders.

Results—Overall, 27% of patients were on statins at time of lung cancer diagnosis. Median
survival in the statin group was 7 months, compared to 4 months in patients not treated with statins
(p<0.001). Propensity score analyses found that statin use was associated with improvement in
overall (hazard ratio [HR]: 0.76, 95% confidence interval [CI]: 0.73-0.79) and lung cancer-
specific survival (HR: 0.77, 95% CI: 0.73-0.81), after controlling for baseline patient
characteristics, cancer characteristics, staging work-up and chemotherapy use.

Conclusions—Statin use is associated with improved survival among patients with stage 1V
NSCLC suggesting a potential anticancer effect. Further research should evaluate plausible
biological mechanisms as well as test the effect of statins in prospective clinical trials.
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1. Introduction

Patients with advanced-stage lung cancer have very poor survival with a median survival of
approximately 4 months [1]. Most research has traditionally evaluated cytotoxic
chemotherapy for lung cancer treatment; however, there are increasing numbers of studies
investigating the repositioning of medications primarily used for non-cancer purposes as
anticancer agents. Among these medications are the statins, a class of widely-used lipid
lowering agents that work by inhibiting 3-hydroxy-3-methylglutaryl coenzyme A (HMG-
CoA) reductase.

Some recent data suggest that statins may improve mortality in lung cancer patients [2, 3],
although others do not seem to show a benefit [4]. However, prior observational studies [2,
3] included large number of patients with early stage lung cancer; thus, it is possible that the
survival benefit observed was due to statins’ effect on cardiovascular risk reduction since
many early stage lung cancer patients experience relatively good long-term survival. In
addition, staging work-up and treatment were not assessed in these studies, and it is
unknown whether there is a benefit to using statins in advanced lung cancer patients who are
not treated with chemotherapy and who have very short median survival. Lastly, the study
[4] showing no effect of simvastatin on survival in advanced lung cancer patients was a
small phase |1 study and may not have had enough power to find a survival benefit.

In this study, we used a nationally representative, population-based cancer data source in the
United States to determine the effect of statins use on survival outcomes among patients with
stage IV non-small cell lung cancer (NSCLC).

2. Methods

2.1. Data sources

The study was conducting using the Surveillance, Epidemiology and End Results (SEER)
registry (2007-2009) linked to Medicare claims [5]. We selected patients >65 years with
histologically-confirmed stage IV NSCLC. We excluded individuals in health care
maintenance organizations or those without Part B Medicare insurance due to lack of
complete claims and those without Part D coverage for whom we could not ascertain
outpatient medications [6]. We excluded patients living in a nursing home at time of
diagnosis as they likely had limited functional status.

2.2. Comorbidities and Medications

We obtained data about sociodemographics information from SEER and Medicare
databases. We used the Deyo adaptation of Charlson’s index to assess the burden of
comorbidities [7-9] and data about use of home health services (restricted to homebound
patients), including receipt of home physical therapy, occupational therapy, home health aide
or social services, as a proxy for poor performance status [10]. Statin and other lipid-
lowering medication use was ascertained from Medicare Part D claims. Following an
intention to treat analysis, patients were classified as using specific drugs if there was a
pharmacy claim submitted within 6 months prior to cancer diagnosis.
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2.3. Cancer-related Factors and Treatment

Data regarding tumor location and histology were obtained from SEER; histologic subtypes
were classified using /nternational Classification of Diseases for Oncology [11]. Using
Medicare claims, we ascertained use of diagnosis and staging procedures (such as Positron
Emission Tomography [PET] scan, mediastinoscopy and fine needle biopsy) and classified
patients as treated with chemotherapy if they received treatment within 4 months of cancer
diagnosis [12].

2.4, Study outcome

The study outcomes were overall (primary) and lung cancer-specific (secondary) survival
determined from Medicare and SEER data, respectively. Survival times were calculated as
the period from the date of diagnosis to the date of death; subjects alive as of December 15,
2011 were censored.

2.5. Statistical Analysis

3. Results

Baseline characteristics were compared using the t-test, chi-square test or Wilcoxon test.
Unadjusted Kaplan-Meier curves were plotted for patients treated with or without statins and
compared using the log-rank test. We used propensity score methods to control for potential
allocation bias [13] since differences in patient characteristics and comorbidities may have
influenced statin prescribing. The propensity score represents the probability that a patient
will receive a statin based on their known baseline (pre-cancer diagnosis) characteristics. We
calculated propensity scores using a logistic model that included patients’
sociodemographics (age, gender, race/ethnicity, marital status, and income quartile),
comorbidities (hypertension, hyperlipidemia, diabetes, congestive heart failure,
cerebrovascular disease, peripheral vascular disease, history of myocardial infarction),
Charlson comorbidity score, and performance status and used regression analysis to evaluate
whether covariates were balanced across treatment groups after adjusting for propensity
scores.

Cox regression was used to compare overall and lung cancer-specific survival of patients
receiving and not receiving statins while adjusting for propensity scores as well as use of
PET scan, mediastinoscopy, fine needle biopsy, tumor characteristics and use of oral and
systemic chemotherapy. Adjusted analyses were performed using inverse probability
weighting, fitting a stratified Cox model according to propensity score quintiles, and
matching patients by propensity scores [14]. We conducted secondary stratified analyses by
receipt of chemotherapy or PET scan use. Additionally, to assess if the survival benefit was
specific to statins, we tested the effect of statins compared to other lipid-lowering
medications. Analyses were performed with SAS 9.3 (SAS, Cary, NC) using two tailed p-
values. Our study was deemed exempt following Institutional Review Board evaluation at
Icahn School of Medicine at Mount Sinai.

We identified 5,118 patients over 65 years with stage IV NSCLC. Overall, 1404 (27%)
patients were treated with a statin at the time of lung cancer diagnosis. Statin-treated patients
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were younger (p=0.04), more likely to be female (p<0.01), married (p<0.01), have more
comorbidities (p<0.01), and as expected, more likely to have hypertension, diabetes, history
of myocardial infarction, congestive heart failure, peripheral vascular disease, or
cerebrovascular disease (p<0.01 for all comparisons). Other baseline characteristics were not
significantly different between the two groups and all covariates were well-balanced after
adjustment for propensity scores (Table 1). Those in the statin group were more likely to
have had a PET scan, mediastinoscopy and fine needle biopsy and were also more likely to
have been treated with chemotherapy (p<0.01 for all comparisons; Table 2).

Unadjusted median overall survival (OS) for those in the statin group was 7 months
(interquartile range [IQR]: 13 months) compared to 4 months (IQR: 9 months) among those
not treated with statin (p<0.001, Figure 1). Inverse probability weighting analysis using Cox
regression (and adjusted for staging work-up, cancer characteristics, and oral and systemic
chemotherapy use) showed that statin use associated with significantly better overall survival
(hazard ratio [HR]: 0.77, 95% confidence interval [CI]: 0.74 to 0.81) and lung cancer-
specific survival (HR: 0.78, 95% CI: 0.74-0.82; Table 3). The survival advantage with
statins persisted when the analyses were repeated using stratification (HR: 0.75, 95% CI:
0.70-0.80 for OS; HR: 0.74, 95% CI 0.68-0.81 for lung cancer-specific survival) or
matching (HR: 0.77, 95% CI: 0.72-0.83 for OS; HR 0.75, 95% CI 0.68-0.82 for lung
cancer-specific survival) of study patients by propensity scores.

Unadjusted (Figure 2) and adjusted (Table 3) secondary analysis stratified by receipt of
systemic chemotherapy (HR: 0.86, 95% CI: 0.81-0.91 for OS and HR 0.81, 95% CI 0.75—
0.87 for lung cancer-specific survival among those who received chemotherapy) showed
survival benefit with statins. Stratification by those who did not receive systemic or oral
chemotherapy also showed a survival benefit with statin use (HR: 0.74, 95% CI: 0.70-0.79
for OS and HR 0.78, 95% CI 0.73-0.84 for lung cancer-specific survival), although
stratification by receipt of oral chemotherapy (tyrosine kinase inhibitor) did not show a
statistically significant survival benefit with statin use (HR: 0.87, 95% CI: 0.75-1.03 for OS
and HR 0.94, 95% CI 0.77-1.15 for lung cancer-specific survival among those who received
oral chemotherapy). Lastly, analyses stratifying by PET scan use showed a significant
survival advantage conferred by statin use (HR: 0.81. 95% CI: 0.75-0.87; HR 0.79, 95% CI
0.72-0.87 for lung cancer-specific survival among those who underwent PET scan and HR:
0.77, 95% CI: 0.74-0.81 for OS and HR: 0.79, 95% CI: 0.74-0.84 for lung cancer-specific
survival among those who did not undergo PET scan). The survival benefit of statins
remained significant when secondary analyses were repeated using stratification or matching
of patients by propensity scores (Table 3). Analyses of specific types of statins showed that
lower potency statins (fluvastatin, lovastatin, pravastatin and simvastatin) conferred a
slightly better overall and lung-cancer-specific survival compared to higher potency statins
(atorvastatin and rosuvastatin; HR: 0.92, 95% CI: 0.88-0.96 and HR: 0.91, 95% CI: 0.87-
0.96, respectively).

4. Discussion

Previous studies have reported that statins are associated with improved survival in some but
not other cancers [3, 15, 16]. However, there is limited data regarding the potential

Lung Cancer. Author manuscript; available in PMC 2017 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Linetal.

Page 5

effectiveness of statins among patients with lung cancer. Using population-based data, we
found that among stage IV NSCLC patients, statin use was associated with significantly
better overall and lung cancer-specific survival, even when compared to other lipid-lowering
agents. Our results contribute further evidence supporting the potential anti-cancer effects of
statins.

This is the first study to investigate statin use specifically amongst a large cohort of patients
with advanced NSCLC. A meta-analysis of statins on cancer incidence and mortality did not
show a reduction of lung cancer deaths; however these results were limited by the low
number of lung cancer cases included in the studies [17]. Another phase 2 study in patients
with advanced lung cancer did not find a survival benefit of statins [4]. Our findings of
improved overall and lung cancer specific survival are consistent with a large epidemiologic
study of statin use among Danish patients showing reduced cancer mortality in lung cancer
patients of all stages [3]. In a recent study using a cohort from the United Kingdom,
Cardwell et al. found similar improvements in lung cancer and overall survival when they
investigated statin use prior to lung cancer diagnosis [2]. However, they also included all
stages of NSCLC and small cell lung cancer cases and did not control for stage or use of
chemotherapy. We restricted our cases to stage IV NSCLC to allow for a more homogenous
group of patients with similar survival.

The mechanisms through which statins may contribute to improving lung cancer survival are
unknown. Patients with lung cancer, due to a shared risk factor of smoking, have a large
burden of cardiovascular disease. These patients are at increased risk for premature death
due to cardiovascular events and treatment with a statin may mitigate this risk. However,
given the relatively short life expectancy and the extremely high rate of lung cancer deaths
among these patients, our findings should not be explained by a positive impact of statins on
cardiovascular events.

A mechanism by which statins may confer survival benefit is through lowering circulating
cholesterol levels. Statins inhibit cholesterol synthesis within cells through their effect on the
HMG-CoA reductase, the rate-limiting enzyme in the mevalonate and cholesterol-synthesis
pathway [18, 19]. Many cholesterol metabolites are involved in cell proliferation, membrane
integrity, cell signaling, protein synthesis, and cell-cycle progression. Disruption of these
pathways has been hypothesized to inhibit cancer growth and metastasis [18]. Recent
findings suggest that statins may also inhibit the nuclear localization of the YAP and TAZ
proto-oncogenes via inhibition of the mevalonate pathway [20]. Inhibition of the mevalonate
pathway inhibits geranylgeranyl pyrophosphate which is required for the Rho guanine
phosphate transferases (GTPases) that activate YAP and TAZ. /n vitro studies have also
shown that simvastatin can induce cell cycle arrest or possibly apoptosis in human lung
cancer cells [21, 22]. Simvastatin downregulates cyclin D1 and cyclin-dependent kinase
(CDK) expression and appears to decrease matrix metallopeptidase-9 (MMP-9) levels,
possibly by inhibiting the activation of NF-xB.[22] MMP-9 is thought to be important for
increasing metastatic potential in cancer cells due to its role in extracellular matrix
remodeling and angiogenesis [23, 24]. Statins have also been shown to act downstream of
ATP citrate lyase in the cholesterol synthesis pathway and can inhibit NSCLC growth in 7n
vivo mouse models by inhibiting this enzyme [25]. Lastly, in vitro studies show that
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simvastatin may reverse resistance to tyrosine kinase inhibitors for NSCLC cell lines, which
have a T790M mutation of the epidermal growth factor receptor [26]. These findings suggest
that multiple mechanisms may be responsible for the improved survival benefit seen in
NSCLC patients taking statins [27, 28].

Several strengths and limitations of this study should be noted. First, due to limitations of
the database, we are unable to assess smoking history and could not adjust for this variable
in the propensity matching. In addition, due to the observational nature of the study,
treatment with statins was not randomized. Use of statin therapy may be a reflection of more
comprehensive health care or increased health awareness. To address this limitation, we
adjusted our analyses for potential confounders such as sociodemographics and
comorbidities to create a comparison groups that would have had similar likelihoods of
receiving statins. Moreover, statin use prior to NSCLC diagnosis was probably not related to
cancer characteristics or other cancer-related prognostic factors. NSCLC patients who were
treated with statins were more likely to receive chemotherapy and undergo PET scans;
however, the survival benefit of statins was consistent even after stratifying by these factors.
We cannot rule out the possibility that residual confounding could explain a small increase
in survival. Our study was limited to patients above 65 years of age and consequently we
were unable to assess the effect of statins in younger patients.

Use of medications was determined using pharmacy claims, and therefore we have no
information on adherence to therapy. Despite this, pharmacy claims data have been shown to
have high concordance with pill counts [29]. We used a conservative estimate of medication
treatment since some patients receive a three-month supply of their chronic medications.
Furthermore, lack of adherence would have biased our results towards the null. Finally, we
were not able to assess whether there was a dose-dependent effect of statins on survival,
although analysis of specific statins compared to other statins did show a slight survival
benefit of lower potency statins compared to higher potency statins. Consistent with an
intention-to-treat analysis, we did not include statin use after lung cancer diagnosis since
ongoing statin use after cancer diagnosis may suggest a healthier population. In this
approach, the assumption is that pre-diagnosis use is correlated with later exposure, although
it may not be a perfect marker. The alternative approach, using post diagnosis drug exposure
is substantially biased for two main reasons. First, post diagnosis use may be determined by
cancer-related factors, such as extent of metastasis, weight loss, poor (or good) prognosis,
and thus may lead to confounding by indication. Second, survival bias (i.e., those who
survive longer will be exposed to statins for longer periods) will lead to overestimating the
beneficial effect of statins. Our approach would tend to bias the results to the null so that our
findings are conservative.

In summary, these data suggest that among patients with stage 1V non-small cell lung
cancer, statin use was associated with improved survival. This effect is consistent with the
survival benefit of statins observed in other cancer types. Further prospective studies
evaluating the use of statins in conjunction with chemotherapy for stage 1V lung cancer can
help determine if statins are an effective class of medications for advanced lung cancer
treatment and may better elucidate cancer-specific mechanisms of action for statins.
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Figure 1. Kaplan-Meier Overall Survival Curves for all patients in cohort
Patients in the statin group have better overall survival compared to those in the non-statin

group.

Lung Cancer. Author manuscript; available in PMC 2017 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Linetal. Page 11

A

1.00

p=0.001

0.75

0.50

Statin Use

0.25

No Statin Use

Overall Survival (Cumulative Probability)

o
Q -
O T T T T T
0 10 20 30 40 50
Time(Months)
Number at risk
No Statin Use 1484 665 282 139 67 27
Statin Use 733 364 167 92 40 12

Lung Cancer. Author manuscript; available in PMC 2017 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Linetal.

B

0.50 0.75 1.00

Overall Survival (Cumulative Probability)
0.25

Page 12

Statin Use

No Statin Use

o
o
o T T T T T T
0 10 20 30 40 50
Time(Months)
Number at risk
No Statin Use 226 95 48 21 <11 <11
Statin Use 105 55 29 15 <11 <11

Lung Cancer. Author manuscript; available in PMC 2017 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Linetal.

C

1.00
|
J

0.75
|

0.50
|
|

Statin Use

Overall Survival (Cumulative Probability)
0.25

No Statin Use

Page 13

p<0.001

0.00

I I
0 10 20 30 40
Time(Months)
Number at risk
No Statin Use 1800 272 119 65 28
Statin Use 524 133 73 38 12

Lung Cancer. Author manuscript; available in PMC 2017 September 01.

50

<11
<11



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Linetal.

D

0.50 0.75 1.00
| | 1

Overall Survival (Cumulative Probability)
0.25

No Statin Use

Page 14

p<0.001

Statin Use

0.00

Number at risk
No Statin Use 1138
Statin Use 589

528
305

T I I

I
20 30 40 50

Time(Months)
244 122 61 23
161 96 39 12

Lung Cancer. Author manuscript; available in PMC 2017 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Linetal. Page 15

1.00

E

p<0.001

0.75

0.50

Statin Use

0.25

No Statin Use

Overall Survival (Cumulative Probability)

o
Q -
o T T T T T T
0 10 20 30 40 50
Time(Months)
Number at risk
No Statin Use 2317 482 197 100 44 15
Statin Use 754 242 104 47 17 <11

Figure 2. Stratified Kaplan-Meier Overall Survival Curves
Stratified by (A) patients who received systemic chemotherapy, (B) patients who received

oral chemotherapy (C) patients who did not receive systemic or oral chemotherapy, (D)
patients who received PET scan, (E) patients who did not receive PET scan
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Characteristics of Stage 1V Non-small Cell Lung Cancer Patients in the SEER-Medicare Database, 2007-2009

Characteristic Statin No Statin P-value | Adjusted
(N=1404) | (N=3714) P_value®

Age, years, mean+SD | 75.3+6.2 | 75.7+6.8 | 0.04 | 0.98
Male, N (%) | 662 (48.3) | 1901 (52.6)| <0.01 | 0.97
Married, N (%) | 694 (s06) | 1611 aa6) | <001 | 096
Race/Ethnicity, NV (%) 0.75 0.99

White 1049 (76.5) | 2733 (75.6)

Black 135(9.9) | 377 (10.4)

Hispanic 70 (5.1) 207 (5.7)

Other 117 (8.5) 307 (8.5)
Income, N (%) 0.28 0.99

First quartile 425 (31.0) | 1122 (31.1)

Second quartile 333(24.3) 951 (26.3)

Third quartile 318 (23.2) 759 (21.1)

Fourth quartile 295 (21.5) 780 (21.6)
Comorbidity Score, NV (%) <0.01 0.48

<1 527 (37.5) | 1607 (43.3)

1-2 265 (18.9) | 886 (23.9)

>2 612 (43.6) 1221 (32.9)
Hypertension, N (%) | 1113 (79.3) | 2396 (64.5) | <0.01 | 0.94
Diabetes (without complications), /v(%)| 484 (34.5) | 845 (22.8) | <0.01 | 0.82
Diabetes (with complications), V(%) | 110 (7.8) | 180 (4.9) | <0.01 | 0.9
History of myocardial infarction, A/(%) | 89 (6.3) | 109 (2.9) | <0.01 | 071
Peripheral vascular disease, NV (%) | 208 (14.8) | 363 (9.8) | <0.01 | 0.87
Congestive heart failure, V(%) | 229 (16.3) | 480 (12.9) | <0.01 | 0.94
Cerebrovascular disease, NV (%) | 146 (10.4) | 244 (6.6) | <0.01 | 0.88

SD denotes standard deviation

*
P-values for analysis adjusting for propensity scores.
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Lung Cancer and Treatment Characteristics of Study Subjects

Table 2

Characteristic Statin No Statin P-value
(N=1404) (N=3714)

Tumor Histology, N (%) 0.10
Adenocarcinoma 811 (59.2) | 2159 (59.7)
Squamous cell 419 (30.6) | 1010 (28.0)

Large cell 49 (3.6) 144 (4.0)
Other 92 (6.7) 301 (8.3)

Tumor Site, NV (%) 0.10
Upper lobe 628 (45.8) | 1642 (45.4)

Middle lobe 66 (4.8) 124 (3.4)
Lower lobe 357 (26.0) | 944 (26.1)
Other 320 (23.3) | 904 (25.0)

Mediastinoscopy, AV (%) | 160 | san | <o

PET Scan, NV (%) | 589 (43.6) | 1140 (32.0) | <0.01

Bone Scan, N (%) | 230 (17.0) | 622 (17.5) | 0.68

Fine Needle Aspiration, NV (%) | 428 (31.2) | 834 (23.1) | <0.01

Systemic chemotherapy, N (%) | 733 (53.5) | 1487 (41.2) | <0.01

Oral chemotherapy, NV (%) | 262 (18.7) | 516 (13.9) | <0.01

PET denotes Positron Emission Tomography
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Table 3

Propensity Score Analysis: Comparison of Overall and Lung Cancer-Specific Survival of Patients Treated with

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

and without Statins

Model

Overall Survival

Hazard Ratio (95% CI”)

Lung Cancer Survival
Hazard Ratio (95% CI”)

Primary Analysis: Entire Cohort

Inverse Probability Weighted

0.77 (0.74-0.81)

0.78 (0.74-0.82)

Stratified by Propensity Score Quintiles

0.75 (0.70-0.80)

0.74 (0.68-0.81)

Matched Analysis (A=4556)

0.77 (0.72-0.83)

0.75 (0.68-0.82)

Secondary Analyses

Patients who received systemic chemotherapy

Inverse Probability Weighted

0.86 (0.81-0.91)

0.81 (0.75-0.87)

Stratified by Propensity Score Quintiles

0.83 (0.75-0.92)

0.78 (0.68-0.89)

Matched Analysis (A=2052)

0.86 (0.78-0.95)

0.79 (0.70-0.90)

Patients who received oral chemotherapy

Inverse Probability Weighted

0.87 (0.75-1.03)

0.94 (0.77-1.15)

Stratified by Propensity Score Quintiles

0.85 (0.66-1.11)

0.96 (0.69-1.33)

Matched Analysis (A=304)

0.90 (0.69-1.17)

0.98 (0.70-1.36)

Patients who did not receive systemic or oral chemotherapy

Inverse Probability Weighted

0.74 (0.70-0.79)

0.78 (0.73-0.84)

Stratified by Propensity Score Quintiles

0.71 (0.64-0.79)

0.72 (0.64-0.82)

Matched Analysis (A=2220)

0.70 (0.63-0.78)

0.71 (0.63-0.81)

Patients who underwent a PET scan

Inverse Probability Weighted

0.81 (0.75-0.87)

0.79 (0.72-0.87)

Stratified by Propensity Score Quintiles

0.78 (0.70-0.88)

0.77 (0.66-0.89)

Matched Analysis (A=1625)

0.82 (0.73-0.91)

0.78 (0.68-0.91)

Patients who did not undergo a PET scan

Inverse Probability Weighted

0.77 (0.74-0.81)

0.79 (0.74-0.84)

Stratified by Propensity Score Quintiles

0.74 (0.68-0.81)

0.74 (0.67-0.83)

Matched Analysis (A=2931)

0.75 (0.69-0.83)

0.74 (0.66-0.83)

Low potency (vs. high potency) statin

0.92 (0.88-0.96)

0.91 (0.87-0.96)

*
Cl denotes confidence interval. The hazard ratio represents the risk of death of a patient treated with a statin compared with a patient who did not
receive a statin. All models were also adjusted for tumor histology, tumor site, receipt of PET scan, mediastinoscopy, fine needle aspiration, and use

of systemic and oral chemotherapy.
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