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Abstract Background: A growing body of evidence has demonstrated the anti-neoplastic ac-

tivity of statins. The objective of this study was to investigate the effect of statin use on sur-

vival in patients with metastatic renal cell carcinoma (mRCC) treated in the modern therapy

era.

Patients and methods: We conducted a pooled analysis of mRCC patients treated on phase II

and III clinical trials. Statistical analyses were performed using Cox regression and the Kaplan

eMeier method.

Results: We identified 4736 patients treated with sunitinib (nZ 1059), sorafenib (nZ 772), ax-

itinib (nZ 896), temsirolimus (nZ 457), temsirolimusþ interferon (IFN)-a (nZ 208), bevaci-

zumab þ temsirolimus (nZ 393), bevacizumab þ IFN-a (nZ 391) or IFN-a (nZ 560), of

whom 511 were statin users. Overall, statin users demonstrated an improved overall survival

(OS) compared to non-users (25.6 versus 18.9 months, adjusted hazard ratio [aHR] 0.801, 95%

confidence interval [CI] 0.659e0.972, pZ 0.025). When stratified by therapy type, a benefit in

OS was demonstrated in statin users compared to non-users in individuals receiving therapy

targeting vascular endothelial growth factor (28.4 versus 22.2 months, aHR 0.749, 95% CI

0.584e0.961, pZ 0.023) or mammalian target of rapamycin (18.6 versus 14.0 months, aHR
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0.657, 95% CI 0.445e0.972, pZ 0.035) but not in those receiving IFN-a (15.6 versus 14.8

months, aHR 1.292, 95% CI 0.703e2.275, pZ 0.410). Adverse events were similar between

users and non-users.

Conclusions: We demonstrate that statin use may be associated with improved survival in pa-

tients with mRCC treated in the targeted therapy era. Statins could represent an adjunct ther-

apy for patients with mRCC; however, this is hypothesis generating and requires prospective

evaluation.

ª 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Statins are a class of drugs that reduce cholesterol by

inhibiting HMG-CoA reductase, the rate-limiting

enzyme involved in cholesterol biosynthesis [1]. They

are the cornerstone of therapy for patients with hyper-
cholesterolaemia and are used to prevent and treat

cardiovascular disease. Statins are among the most

commonly prescribed drugs worldwide and their use has

been increasing over the past decade.

A growing body of preclinical studies has demon-

strated the anti-neoplastic activity of statins. At the

cellular level, statins have been linked to blocking cell-

cycle progression, inducing apoptosis, and inhibiting cell-
signaling pathways involved in tumour invasion and

metastasis [1]. In vivo studies in animal models have

further demonstrated the anti-proliferative effects of sta-

tins [2]. In humans, recent observational studies have

shown that statin use is associated with a decreased risk of

cancer-specificmortality in prostate, colorectal and breast

cancer [3e5]. Several clinical trials have investigated the

efficacy of statins on survival in patients with cancer;
however, these were limited in size and results are incon-

clusive [6].

Studies exploring the benefits of statins in renal cell

carcinoma (RCC) are widely lacking. Previous epidemi-

ological studies of statins and the risk of RCC provide

conflicting results with some studies demonstrating a

reduced overall risk [7, 8], some showing no association

[9e13], and a single study demonstrating an increased risk
[14]. Several studies explore the association between statin

use and disease progression in localized RCC. In one

analysis, statin use was associated with a 33% recurrence

risk reduction following surgery. No observational study

to date has evaluated the effect of statins on survival in

metastatic RCC (mRCC). One clinical trial in RCC pa-

tients with bone metastases explored the combination of

zoledronic acid with fluvastatin or atorvastatin on bone
biomarkers and skeletal events [15]. This pilot study of 11

patients, 6 of whom received concurrent targeted therapy,

demonstrated that combination therapy affected certain

bone biomarkers but did not consistently improve skeletal

events. The trial didnot document survival. The efficacyof

statins combined with modern therapies targeting the
vascular endothelial growth factor (VEGF) and

mammalian target of rapamycin (mTOR) pathways has

not been broadly described.

Currently, no study to date has evaluated the effect of

statins in patients with mRCC treated with targeted

therapy. Elucidation of the impact of statins in this pop-

ulation is highly relevant to optimizing the evolving

treatment landscape for patients with metastatic disease.
In this analysis, we utilize a large clinical trials database to

investigate the effect of statins on survival outcomes in

patients with mRCC treated in the targeted therapy era.

2. Patients and methods

2.1. Study design

We conducted a pooled analysis of patients with mRCC

treated on phase II (NCT00054886, NCT00077974,

NCT00267748, NCT00338884, NCT00137423 and

NCT00835978) and phase III (NCT00083889,

NCT00065468, NCT00678392, NCT00474786, NCT0

0631371 and NCT00920816) clinical trials sponsored by

Pfizer. We identified 4736 patients treated for mRCC
between January 2003 and June 2013. Patients who did

not receive at least one dose of study treatment or had

missing concomitant medication information were

excluded from the multivariate analysis (nZ 720).

Baseline demographic, clinical and laboratory data

were collected. Statin users were defined as patients

receiving a statin at baseline. The decision to start a

statin and choice of agent was at the discretion of the
treating physician. Patient follow-up consisted of im-

aging assessment every 4e12 weeks until disease pro-

gression or withdrawal. Treatment-associated toxicities

were defined and evaluated according to the Common

Terminology Criteria for Adverse Events, version 3.0.

2.2. Treatment outcomes

Overall survival (OS) was defined as the time from

initiation of therapy to death from any cause.

Progression-free survival (PFS) was defined as the time

from initiation of therapy to date of progression or

death from any cause, whichever came first.



Table 1
Baseline patient and disease characteristics.

Characteristics, n (%) Statin user nZ 511 Statin non-user nZ 4225 P value Total cohort nZ 4736

Age at initiation of therapy

<65 years 268 (52.4%) 2990 (70.8%) <0.0001 3258 (68.8%)

�65 years 243 (47.6%) 1235 (29.2%) 1478 (31.2%)

Sex

Male 378 (74.0%) 2985 (70.7%) 0.1217 3363 (71.0%)

Female 133 (26.0%) 1240 (29.3%) 1373 (29.0%)

Race

Caucasian 457 (89.4%) 3207 (75.9%) <0.0001 3664 (77.4%)

Other 54 (10.6%) 1018 (24.2%) 1072 (22.6%)

Region

United States 291 (56.9%) 1031 (24.4%) <0.0001 1322 (27.9%)

Non-United States 220 (43.1%) 3194 (75.6%) 3414 (72.1%)

ECOG Performance Status

0 288 (56.4%) 2207 (52.2%) 0.2068 2495 (52.7%)

1 214 (41.9%) 1944 (46.0%) 2158 (45.6%)

2 6 (1.2%) 54 (1.3%) 60 (1.3%)

Unknown 3 (0.6%) 20 (0.5%) 23 (0.5%)

Pathology

Clear cell 449 (87.9%) 3786 (89.6%) 0.3661 4235 (89.4%)

Non-clear cell 44 (8.6%) 293 (6.9%) 337 (7.1%)

Unknown 18 (3.5%) 146 (3.5%) 164 (3.5%)

Baseline metastatic site

Lung 398 (77.9%) 3231 (76.5%) 0.3790 3629 (76.6%)

Bone 129 (25.2%) 1172 (27.7%) 0.2669 1301 (27.5%)

Liver 110 (21.5%) 1128 (26.7%) 0.0134 1238 (26.1%)

Previous nephrectomy

Yes 393 (76.9%) 2932 (69.4%) 0.0001 3325 (70.2%)

No 95 (18.6%) 1112 (26.3%) 1207 (25.5%)

Unknown 23 (4.5%) 181 (4.3%) 204 (4.3%)

Prior type of therapy

Any prior therapy 163 (31.9%) 1410 (33.4%) 0.6176 1573 (33.2%)

Cytokine therapy 55 (10.8%) 616 (14.6%) 0.0186 671 (14.2%)

Targeted therapy 63 (12.3%) 510 (12.1%) 0.8857 573 (12.1%)

IMDC risk group

Favourable 88 (17.2%) 558 (13.2%) 0.0006 646 (13.6%)

Intermediate 240 (47.0%) 1766 (41.8%) 2006 (42.4%)

Poor 99 (19.4%) 1044 (24.7%) 1143 (24.1%)

Unknown 84 (16.4%) 857 (20.3%) 941 (19.9%)

BMI category

Underweight /normal 117 (22.9%) 1712 (40.5%) <0.0001 1829 (38.6%)

Overweight 196 (38.4%) 1512 (35.8%) 1708 (36.1%)

Obese 191 (37.2%) 930 (22.0%) 1120 (23.7%)

ASI use

Yes 283 (55.4%) 1204 (28.5%) <0.0001 1487 (31.4%)

No 228 (44.6) 3021 (71.5%) 3249 (68.6%)

Bolded P-values denote statistically significant differences between groups.

ASIZ angiotensin system inhibitors; BMIZ body mass index; ECOGZEastern Cooperative Oncology Group; IMDCZ International mRCC

Database Consortium.
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2.3. Statistical analysis

The primary outcome was to assess OS in statin users
compared to non-users. PFS and toxicity were secondary

end-points. Distributions of OS and PFS were calculated

using the KaplaneMeier method. Median OS and PFS

along with 95% confidence intervals (CIs) were reported.

Associations betweenOS andPFSwere assessed using the

Wald chi-square test from Cox regression in multivari-

able analysis, adjusted for age, sex, race, histology, prior

therapy, sites of metastasis, International mRCC Data-
base Consortium (IMDC) risk factors, baseline
dyslipidaemia and body mass index (BMI) [16]. In the OS
analysis of the overall cohort, we additionally adjusted

for angiotensin system inhibitor use [17]. Subgroup effi-

cacy analyses were performed by line and type of therapy.

3. Results

3.1. Patient and disease characteristics

Overall, the majority of patients were less than 65 years

of age, male, with good performance status and clear-

cell histology (Table 1). Statin users were older and



Table 2
Impact of statin use on OS and PFS.

N OS PFS

Median

(months)

P value aHRa (95% CI) Median

(months)

P Value aHRa (95% CI)

Overall cohort (nZ 4736)

Statin users 511 25.6 0.025 0.801 (0.659e0.972) 7.9 0.823 1.018 (0.867e1.196)
Statin non-users 4225 18.9 6.9

Overall cohort by type of therapy (nZ 4736)b

VEGF therapy (nZ 3118)

Statin users 365 28.4 0.023 0.749 (0.584e0.961) 8.5 0.882 1.015 (0.832e1.239)
Statin non-users 2753 22.2 8.3

mTOR therapy (nZ 1058)

Statin users 84 18.6 0.035 0.657 (0.445e0.972) 5.5 0.783 1.047 (0.754e1.456)

Statin non-users 974 14.0 5.8

IFN-a therapy (nZ 560)

Statin users 62 15.6 0.410 1.292 (0.703e2.275) 5.0 0.635 0.865 (0.475e1.575)

Statin non-users 498 14.8 3.7

Overall cohort by line of therapy (nZ 3701)

First-line therapy (nZ 2284)

Statin users 277 26.9 0.493 0.910 (0.694e1.192) 8.1 0.248 1.139 (0.913e1.421)

Statin non-users 2007 19.3 7.2

Second-line therapy and beyond (nZ 1417)

Statin users 140 23.3 0.032 0.704 (0.511e0.971) 6.7 0.567 0.923 (0.702e1.213)

Statin non-users 1277 17.5 6.5

aHRZ adjusted hazard ratio; CIZ confidence interval; IFN-aZ interferon-a; mTORZmammalian target of rapamycin; OSZ overall survival;

PFSZ progression-free survival; VEGFZ vascular endothelial growth factor.

P-values are from two-sided log-rank test. Bolded p-values denote statistically significant differences between groups.
a HR from multivariable analysis, adjusted for age, sex, race, histology, prior therapy, sites of metastasis, International mRCC Database

Consortium risk factors, baseline dyslipidaemia and body mass index. In the overall survival analysis of the overall cohort, we additionally

adjusted for angiotensin system inhibitor use.
b VEGF therapy users were categorised at patients receiving sunitinib, sorafenib, axitinib, bevacizumab or bevacizumabþ IFN-a. mTOR

therapy users were categorised as patients receiving temsirolimus, temsirolimusþ IFN-a or temsirolimusþ bevacizumab.
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more likely to have had a prior nephrectomy compared

to non-users. Liver metastases were less frequent in
statin users compared to non-users. With regard to

IMDC risk groups, most patients had intermediate-risk

disease (42.4%). The median BMI for the total cohort

was 26.1 kg/m2. Statin users were more likely to be

overweight or obese (BMI� 25 kg/m2, 75.6%) compared

to non-users (57.8%).

3.2. Treatment exposure

Patients received treatment with sunitinib (nZ 1059),

sorafenib (nZ 772), axitinib (nZ 896), temsirolimus

(nZ 457), temsirolimusþ interferon (IFN)-a (nZ 208),

bevacizumabþ temsirolimus (nZ 393), bev-

acizumabþ IFN-a (nZ 391) or IFN-a (nZ 560), of

whom 1759 received first-line therapy. Overall, there were

511 (10.8%) statin users, of whom four patients received

more than one type of statin. Themost frequently utilized
statins were atorvastatin (nZ 212), simvastatin

(nZ 203), pravastatin (nZ 33), rosuvastatin (nZ 32),

lovastatin (nZ 25) and fluvastatin (nZ 10).

3.3. Impact of statin use on survival

In the overall cohort, OS was significantly longer in

statin users compared to non-users (adjusted hazard
ratio [aHR] 0.801, 95% CI 0.659e0.972, pZ 0.025,

medians of 25.6 versus 18.9 months) (Table 2, Fig. 1). In
multivariable analysis, statin use was an independent

predictor of OS for the total cohort (Table 3). PFS was

similar between statin users and non-users (aHR 1.018

95% CI 0.867e1.196, pZ 0.823, medians of 7.9 versus

6.9 months).

When stratified by mRCC therapy, OS was signifi-

cantly longer in statin users compared to non-users in

patients receiving VEGF-targeted therapy (aHR
0.749, 95% CI 0.584e0.961, pZ 0.023, medians of

28.4 versus 22.2 months) or mTOR-targeted therapy

(aHR 0.657, 95% CI 0.445e0.972, pZ 0.035, medians

of 18.6 versus 14.0 months). There was no statistically

significant improvement in OS for patients receiving

IFN-a therapy (aHR 1.292, 95% CI 0.703e2.275,

pZ 0.410, medians of 15.6 versus 14.8 months). When

stratified by line of therapy, OS was significantly
longer in statin users compared to non-users in pa-

tients receiving second-line therapy (aHR 0.704, 95%

CI 0.511e0.971, pZ 0.032, medians of 23.3 versus

17.5 months). In patients treated with first-line suni-

tinib, there was a trend towards a prolonged OS in

statin users compared to non-users, though this was

not statistically significant (OS: aHR 0.910, 95% CI

0.694e1.192, pZ 0.493, medians of 26.9 versus 19.3
months).



         Median OS 
n         (months)

Statin user: Yes    511  25.6
Statin user: No  4225  18.9

  HR 0.801 (95% CI, 0.659–0.972)
  p=0.025
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Statin user: No  498  14.8

  HR 1.292 (95% Cl, 0.703–2.275)
  p=0.410

       Median OS 
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Statin user: Yes   365    28.4
Statin user: No            2753  22.2

  HR 0.749 (95% Cl, 0.584–0.961)
  p=0.023

         Median OS 
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Statin user: Yes    84  18.6
Statin user: No  974  14.0

  HR 0.657 (95% Cl, 0.445–0.972)
  p=0.035

C

Fig. 1. KaplaneMeier estimates of OS for (A) the overall cohort, (B) patients receiving VEGF-targeted therapy, (C) patients receiving mTOR-targeted therapy and (D) patients receiving

IFN-a therapy stratified by statin users versus non-users.
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Table 3
Multivariable analysis of statin use status as a predictor for OS.

Variable OS

P value aHR (95% CI)

Statin use (yes versus no) 0.025 0.801 (0.659e0.972)

Age (<65 versus� 65) 0.061 0.910 (0.825e1.004)

Sex (female versus male) 0.561 1.030 (0.933e1.137)
Race (Asian versus white) 0.875 0.990 (0.868e1.128)

Race (black versus white) 0.931 1.017 (0.696e1.485)

Race (other versus white) 0.445 1.085 (0.880e1.338)

ECOG (1e2 versus 0) <0.001 0.670 (0.604e0.742)
Baseline dyslipidaemia (no versus yes) 0.508 0.951 (0.818e1.104)

Histology (non-clear cell versus clear cell) <0.001 1.540 (1.327e1.787)

Prior nephrectomy (no versus yes) 0.776 1.016 (0.917e1.124)

Any prior therapy (no versus yes) <0.001 0.636 (0.565e0.716)
Presence of bone metastases (no versus yes) <0.001 0.732 (0.666e0.804)

Presence of liver metastases (no versus yes) <0.001 0.708 (0.644e0.780)

IMDC risk group (intermediate versus low) <0.001 2.065 (1.699e2.509)
IMDC risk group (poor versus low) <0.001 4.425 (3.583e5.465)

BMI category (obese versus normal/underweight) 0.001 0.803 (0.708e0.910)

BMI category (overweight versus normal/underweight 0.003 0.855 (0.772e0.948)

ASI (no versus yes) <0.001 1.328 (1.195e1.476)

Bolded P-values denote statistical significance.

aHRZ adjusted hazard ratio; ASIZ angiotensin system inhibitors; BMIZ body mass index; ECOGZ Eastern Cooperative Oncology Group;

IMDCZ International mRCC Database Consortium.
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3.4. Impact of statin use on response rate

When evaluating the total cohort, overall response rates

were similar between statin users and non-users (27.6%

versus 24.1%, pZ 0.652), of which the majority of pa-

tients demonstrated a partial response (23.8%). There
were limited complete responses in the cohort (nZ 33).

3.5. Adverse events

Overall, dyslipidaemia was reported in 856 patients
(18.1%): 14% of statin users and 19% of non-users.
Table 4
Adverse events.

Statin user nZ 511

Selected adverse events (any grade)

Cardiac ischaemia/infarction 5 (1.0%)

Cerebrovascular ischaemia/infarction 6 (1.2%)

Myositis 1 (0.2%)

Visceral arterial ischaemia 0 (0%)

Liver function test abnormalities (grade IIIeIV)

Aspartate aminotransferase increase 10 (2.0%)

Alanine aminotransferase increase 6 (1.2%)

Alkaline phosphatase increase 10 (2.0%)

Bilirubin increase 1 (0.2%)

Most frequent grade IIIeV adverse events (observed in >3% of patients)

Fatigue 69 (13.5%)

Hypertension 46 (9.0%)

Anaemia 31 (6.1%)

Asthenia 23 (4.5%)

Palmar-plantar erythrodysaesthesia 31 (6.1%)

Diarrhoea 33 (6.5%)

Dyspnoea 36 (7.0%)

Neutropenia 19 (3.7%)

Proteinuria 15 (2.9%)

Decreased appetite 14 (2.7%)
The frequency of grade IIIeV toxicities was similar

between statin users and non-users (Table 4). Grade

IIIeIV liver function test abnormalities were low for

the total cohort and similar between groups. Addi-
tionally, the frequency of arterial thrombotic events

(1.6%) and myositis (0.1%) were low and similar be-

tween groups.

4. Discussion

This is the largest study to date evaluating the impact of

statins on survival in mRCC. The clinical trial database
Statin non-user nZ 4225 Total nZ 4736

39 (0.9%) 44 (0.9%)

26 (0.6%) 32 (0.7%)

5 (0.1%) 6 (0.1%)

1 (<0.1%) 1 (<0.1%)

110 (2.6%) 120 (2.5%)

94 (2.2%) 100 (2.1%)

104 (2.5%) 114 (2.4%)

35 (0.8%) 36 (0.8%)

395 (9.3%) 464 (9.8%)

374 (8.9%) 420 (8.9%)

332 (7.9%) 363 (7.7%)

248 (5.9%) 271 (5.7%)

236 (5.6%) 267 (5.6%)

223 (5.3%) 256 (5.4%)

157 (3.7%) 193 (4.1%)

167 (4.0%) 186 (3.9%)

144 (3.4%) 159 (3.4%)

127 (3.0%) 141 (3.0%)
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utilized in this analysis contains prospectively collected

information and is a valuable tool for evaluating specific

clinical parameters and outcomes. The database con-

tains over 4700 patients treated with a wide range of

systemic therapies in the modern era.

Here, we demonstrate that statin users had an

improved OS compared to statin non-users. Statin use

has been associated with improved disease-free survival
and mortality for some cancers including prostate can-

cer, the most common genitourinary cancer [5]. A

limited number of studies have evaluated the effect of

statin use on RCC development and progression. A

caseecontrol study of 500,000 veterans found that statin

use resulted in a 48% risk reduction of RCC [8]. A

smaller, population-based study confirmed the protec-

tive effects of statin, but only in women without a his-
tory of hypertension [13]. With regard to statin use and

prognosis after nephrectomy for RCC, one study

demonstrated improved RCC progression and another

demonstrated improved OS in statin users [18, 19]. To

our knowledge, no study to date has evaluated the effect

of statins in metastatic RCC.

Though the molecular mechanisms underlying this

observation have not been fully characterised, several
preclinical studies have attempted to elucidate the effects

of statins in RCC. Woodard and colleagues demon-

strated that fluvastatin could induce apoptosis and

suppress proliferation of RCC cells via inhibitory effects

on the Akt/mTOR signaling pathway, a central player in

the pathogenesis of RCC [20]. Another study demon-

strated that simvastatin exerted its anti-tumour effects

by suppressing interleukin-6-induced phosphorylation
of JAK2 and STAT3 [21]. In vivo, simvastatin inhibited

tumour growth and induced tumour cell apoptosis;

statins have been further shown to inhibit angiogenesis

and prevent metastases in these RCC mouse models [22].

Several studies suggest a synergistic interaction

between statins and VEGF or mTOR-targeted agents;

however, no studies have been conducted with the

combination of these agents in RCC [23, 24]. The
addition of lovastatin to VEGF inhibitor therapy

resulted in more robust AKT inhibition in mesotheli-

oma cells than was seen with either agent alone [24].

Additionally, synergistic perturbations of the AKT

pathway were demonstrated with everolimus and flu-

vastatin in leukaemia cells [23]. In our clinical cohort,

a benefit in OS was observed in statin users receiving

either VEGF or mTOR-targeted therapy.
Optimizing the pharmacokinetic properties of statins

will likely be a critical determinant to maximizing their

role as anti-cancer agents. While nanomolar plasma

concentrations have been utilized for the treatment of

lipid disorders, non-physiologic statin concentrations

are often employed in order to elicit robust anti-cancer

responses [25]. Theoretically, for statins to exert signif-

icant anti-neoplastic effects, they should be able to enter
extra-hepatic malignant cells via the circulation.
Extensive first-pass metabolism and high levels of serum

protein binding, however, limit their systemic bioavail-

ability [6]. Furthermore, there is a delicate balance be-

tween statin lipophilicity and hepatoselectivity. In our

cohort, the most frequently utilized statins were lipo-

philic and included simvastatin, atorvastatin and flu-

vastatin, which enter hepatocytes and extra-hepatic cells

via non-selective passive diffusion [6]. On the other
hand, hydrophilic statins, such as pravastatin and

rosuvastatin, enter hepatocytes via an active transporter

expressed in liver tissue, are thus more

hepatoselective and achieve limited systemic drug levels

[6].

Given that statins mainly function in the liver, a

possible mechanism by which they can, in part, exert

their beneficial effects is through inhibition of liver
metastasis development and progression, a negative

prognostic factor in patients with mRCC [26]. In our

cohort, even after adjustment for the presence of liver

metastases, statin users demonstrated an improved OS

compared to non-users.

Exploiting the anti-cancer effects of drugs used for

non-cancer indications represents a provocative

approach to drug discovery and development. Metfor-
min, aspirin and angiotensin system inhibitors provide a

model for this paradigm. Efforts to capitalise on the

cross-disease benefits of such agents have the potential

to expand the treatment armamentarium for cancer

patients.

Though this is the largest database using prospec-

tively collected clinical trials information to assess the

impact of statin use in mRCC, there are several lim-
itations. All patients in the database were enrolled in

clinical trials, which could result in decreased gen-

eralisability of the study findings. Statin users repre-

sent a small percentage of the population analysed

and patient selection for statin therapy use was at the

discretion of the treating physician and could be

subject to bias. Additionally, given that data collec-

tion was not specifically designed to examine statin
use, there was variability in regards to the choice of

agent; data were also lacking on actual dosing,

schedule and duration. Moreover, indications for

treatment and modifications of therapy were at the

discretion of the treating physician. There was also

geographical variation with regard to statin use in our

study. We did not analyse the impact of statin therapy

continuation after initiation of the study drug;
although based on the low toxicity from concomitant

use of statins, we do not expect a high discontinuation

rate. Finally, although patients who received a broad

range of targeted therapies were included in the

analysis, not every agent approved to treat mRCC

was represented. There were a relatively small number

of patients receiving IFN-a and, therefore, a potential

benefit in this subgroup cannot be completely
excluded.
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In conclusion, we demonstrate that statin use may

improve survival outcomes in patients with mRCC

treated in the era of targeted therapy. Statins may have a

synergistic interaction with VEGF and mTOR-targeted

therapy in RCC. Preclinical studies utilizing physiologic

concentrations of statins are required to further inves-

tigate the mechanisms underlying these interactions.

Furthermore a better understanding of drug pharma-
cokinetics as they pertain to the anti-cancer effects of

statins is warranted before embarking on RCC clinical

studies with these agents.
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