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51

Abstract

52

Background: Recent studies have reported reduced risk of chronic lymphocytic leukemia (CLL) among

53

statin users. However, the possibility that the effect of statins may differ by their chemical or

54

pharmacodynamic properties has not been investigated.

55

Methods: In this nested case-control study, all Manitobans aged ≥ 40 years when diagnosed with CLL

56

(as a first cancer) from 1999 to 2014 (n=1,385) were matched (on gender, age, residence, and duration of

57

insurance coverage) to cancer-free controls (n=6,841). Using conditional logistic regression, statin use

58

was analyzed by individual statins and groups: hydrophilic, low-potency lipophilic (fluvastatin and

59

lovastatin) and high-potency lipophilic statins.

60

Results: Statin users constituted 27% and 28% of the CLL cases and controls. After adjusting for

61

potential confounding by indication, patterns of healthcare utilization and use of other drugs, CLL

62

incidence was not associated with use of hydrophilic (odds ratio: 1.08; 95% confidence interval: 0.86-

63

1.34) or high-potency lipophilic statins (0.94; 0.79-1.11). Low-potency lipophilic statins were associated

64

with a lower risk of CLL (0.64; 0.45-0.92), with stronger association (0.44; 0.22-0.88) observed with

65

more regular use (half to full standard dose on average).

66

Conclusions: We found an association between low-potency lipophilic statin use and reduced CLL risk,

67

with a possible dose-response effect.

68

Impact: While requiring replication in future studies, our findings suggest that the effect of statins on

69

CLL risk may depend on their specific chemical or pharmacodynamic properties.

70
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71

Introduction

72

Chronic lymphocytic leukemia (CLL) is the most common adult leukemia in the western world, with the

73

incidence increasing as the population ages. In Canada, 2,465 new CLL cases were reported in 2013 with

74

90 cases from the province of Manitoba (1). The incidence rate of CLL in Canada per 100,000 population

75

has increased steadily from 4.2 in 1992 to 6.6 in 2010 (1). The etiology of CLL remains poorly

76

understood, although certain chemicals, infections, blood transfusions, organ transplantation, and

77

variations in certain loci have been associated with increased CLL risk (2, 3).

78

Statins, also known as 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors,

79

block the mevalonate (MVA) pathway and are widely prescribed for the prevention and management of

80

cardiovascular disease. Both in vitro and in vivo studies have shown that statins have a direct anti-tumor

81

effect through blocking of the MVA pathway in various tumor types (4, 5). Statins have been shown to

82

induce apoptosis in B-CLL cells (6) and lower expression of low density lipoprotein receptor activity in

83

CLL patients (7). Statin use has also been associated with a reduced risk of various cancer types in

84

numerous observational studies and meta-analyses (8-12).

85

The results of studies of statin use and the risk of non-Hodgkin lymphoma (NHL), a heterogeneous

86

group of cancers of the immune system that includes CLL, are mixed, with some studies identifying a

87

risk reduction and others detecting no association (10-15). Thus, it is possible that the effects of statins

88

depend on the subtype of NHL studied. A small (~15% reduction) non-statistically significant

89

association between statin use and CLL risk has been found in two previous studies (16, 17). These

90

studies were, however, limited by small sample size: 410 CLL cases including 22 statin users (16) and

91

326 cases including 114 users (17). They were further limited by reliance on questionnaires for

92

measuring statin use; by lack of information about dose, duration and timing of use; and by grouping all

93

statins regardless of their chemical or pharmacokinetic properties. We recently studied the effects of

94

statins, as a class, on the incidence of several NHL subtypes, including CLL, and estimated an odds

95

ratio(OR) of 0.89 (95% confidence interval [CI] 0.77–1.04) for CLL (18). In this paper, we report on the
4
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96

association between CLL and use of several commonly used statins with different chemical structures,

97

pharmacodynamics and lipid-lowering effects.

98

Methods

99

We conducted a population-based nested case-control study using the cancer registry and health service

100

administrative databases of Manitoba.

101

Data sources

102

Manitoba Health (MH) is the publicly funded health insurance agency providing comprehensive health

103

insurance, including coverage for hospital and outpatient physician services, to the province’s 1.3 million

104

residents. Coverage is universal, with no eligibility distinction based on age or income, and participation

105

rates are very high (>99%) (19). Insured services include hospital, physician and preventive services

106

including vaccinations. MH maintains several centralized, administrative electronic databases that are

107

linkable using a unique personal health identification number (PHIN). The completeness and accuracy

108

of MH administrative databases are well established (20, 21). These databases have been used

109

extensively in studies of cancer epidemiology and post-marketing evaluation of various vaccines and

110

drugs.

111

CancerCare Manitoba maintains one of the oldest population-based cancer registries in the world

112

(Manitoba Cancer Registry [MCR], in operation since 1956). Reporting of cancer cases is mandated by

113

provincial regulations and required for payment of physicians’ service claims. The MCR is regularly

114

audited by the North American Association of Central Cancer Registries. The quality of cancer

115

registration has been consistently very high (21). Most cases are pathologically-confirmed (94% for

116

cases registered between 2003 and 2007) and less than 2% of registrations originate from death

117

certificates (21).

118

The MH Population Registry (MHPR) tracks addresses and insurance status (including end of coverage

119

due to death or emigration) for all insured persons. Since 1971, the Hospital Abstracts database
5
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120

recorded virtually all services provided by hospitals in the province, including admissions and day

121

surgeries (20). The data collected comprise demographic as well as diagnosis and treatment information

122

including primary diagnosis and service or procedure codes, coded using the International Classification

123

of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) before April 2004, and the ICD-10-CA

124

(Canadian adaptation of the ICD-10) and the Canadian Classification of Health Interventions (CCI)

125

afterwards. The Medical Services database, also in operation since 1971, collects similar information on

126

services provided by physicians in offices, hospitals and outpatient departments across the province (20).

127

The Drug Program Information Network (DPIN), in operation since 1995, records all prescription

128

drugs dispensed to Manitoba residents, including most personal care home residents (22). The DPIN

129

database captures data from pharmacy claims for formulary drugs dispensed to all Manitobans even

130

those without prescription drug coverage. However, prescriptions dispensed to Registered First

131

Nations, who receive their prescription benefits from the federal government, tend to be under-reported

132

by up to 20% (22). Because information is submitted electronically at the “point-of-sale”, the accuracy of

133

the recorded prescription information is excellent (22).

134

This study was approved by the University of Manitoba Research Ethics Board and by MH’s Health

135

Information Privacy Committee.

136

Source cohort

137

We used the MHPR to assemble a cohort comprised of all adults aged 40 years or older (statins are

138

rarely prescribed for younger people) who were registered with MH between 1999 and 2014. Cohort

139

members were followed from the latest of the study start date (January 1, 1999), their 40th birthday or

140

the date of immigration to Manitoba until the study end date (December 31, 2014), or the date of

141

diagnosis of CLL, death or emigration, whichever occurred first.

142

Definition of cases and controls

6
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143

To be eligible for inclusion in the nested case-control analysis, a participant must have been: (1) free of

144

cancer (except non-melanoma skin cancer) before the index date, defined as the date of diagnosis for a

145

case or the matching date for a control, and (2) be covered by MH for a minimum of 5 years prior to the

146

index date (to ensure that all participants had a reasonable opportunity to fill statin prescriptions before

147

the index date).

148

Cases, identified by linking with the MCR, were members of the source cohort diagnosed with a

149

pathologically-confirmed CLL (ICD-O-3 histology codes 9670 and 9823) (23). We also included small

150

lymphocytic lymphoma (SLL) in the cases group, because SLL has similar clinical and pathological

151

characteristics to CLL (24). Using incidence density sampling (25), we matched each case to up to five

152

controls on birth date (±1 year), region of residence (one of five health regions with populations ≥40

153

between 25,000 and 375,000) and length of coverage with insurance before the index date (to ensure a

154

comparable length of residence in the province).

155

Measurement of prescription drug use

156

For each participant, detailed histories of dispensed statins and other drug classes were obtained from

157

the DPIN for the period between January 1, 1995, or the coverage initiation date if it was later, and the

158

index date. The length of these histories was ≥10 years in 59% of participants (median 11.4 years,

159

interquartile range 7.7–15.2 years). The WHO Anatomic Therapeutic Chemical (ATC)

160

classification was used to classify drugs, e.g., statins were defined as all drugs in the Manitoba drug

161

formulary with ATC codes C10AA (Supplementary Table 1-2). Statins were further classified, a priori,

162

according to their potency and lipophilicity, into hydrophilic (pravastatin and rosuvastatin), high-

163

potency (simvastatin and atorvastatin) and low-potency (lovastatin and fluvastatin) statins.

164

Exposure to individual and grouped statins (henceforth the index class) was characterized in two ways:

165

(1) As a binary (“ever-use”) variable indicating whether a participant ever filled a prescription of any

166

drug in the index class at any point before the index date, and (2) as continuous and ordinal variable

7
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167

representations of the average annual dose of the index class calculated by dividing the total dispensed

168

quantity of the class by its overall duration of use (measured from the dispensing date of the first

169

prescription that included a drug in that class). All drug use in the year immediately prior to the index

170

date was excluded to avoid protopathic bias (26). Because different drugs in the same class may have

171

different pharmacologic potency, the total dispensed quantity for each drug was expressed as a

172

proportion of the WHO’s defined daily dose (DDD) for that drug before summing up all these

173

proportions as the total dispensed quantity of the class (see Supplementary Table 1 for list of DDDs).

174

The DDD is “the assumed average maintenance dose per day for a drug used for its main indication in

175

adults” (27).

176

Covariates

177

We identified ischemic and other chronic cardiovascular diseases and diabetes (indications or proxies for

178

indications for statin use) from the hospital abstracts and medical services databases, using previously

179

validated algorithms (Supplementary Table 3). We also measured the number of physician visits within

180

the 5-year period before the index date as a proxy for propensity to access healthcare services.

181

Neighborhood average household income quintiles, which are correlated with self-reported household

182

incomes, were determined based on place of residence and 2011 Canadian census data (28, 29).

183

Statistical analysis

184

We used conditional (to account for individual matching) logistic regression (CLR) models to calculate

185

ORs and 95% CIs of the association between statin use and CLL diagnosis. Selection of covariates for

186

the final models was driven by a causal diagram analysis (30) and an empirical search for confounders: a

187

variable was considered a confounder if its inclusion in adjusted models resulted in a >10% change in

188

OR estimates of the main exposure. The final model was adjusted for history of chronic cardiovascular

189

disease, ever-use of non-statin lipid-lowering drugs, aspirin, non-aspirin NSAIDs, household income,

190

and number of physician visits in the 5-year period before the index date. To test for effect modification,

8
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191

we stratified our analysis by each confounder and used likelihood-ratio tests to assess the statistical

192

significance of the interaction terms. When appropriate, models also included mutual adjustment for

193

statin groups and individual statins.

194

Given the long exposure histories in this cohort, participants had highly variable statin use histories. To

195

reduce the effect of this heterogeneity, and to assess the presence of an “induction period” for statin

196

effects (the time interval between an exposure exerting its causal effects and disease initiation or

197

prevention (31)), we repeated all analyses after dividing the exposure history into 3 successive periods:

198

2–5, 6–10, and 11+ years before the index date. A separate exposure index was computed for each

199

period by limiting exposure measurements to prescriptions dispensed during that period (32). As before,

200

CLR models were used to estimates ORs associated with drug use in each period with mutual

201

adjustment for exposure in other periods. We used SAS 9.4 (SAS Institute, Cary, North Carolina) and

202

Stata 14 (Stata Corp. LLC., College Station, Texas) for all analyses.

203

Results

204

We included 1,385 CLL patients, matched to 6,841 cancer-free controls (Table 1). Most patients were

205

male (60%) and older than 65 (65%), but CLL incidence seemed unrelated to income. CLL patients had a

206

slightly higher prevalence, at diagnosis, of chronic cardiovascular disease than controls (42% vs 40%)

207

and more physician visits in the 5-year period before the index date.

208

About 27% of cases and 28% of controls received at least one statin prescription prior to the index date,

209

mostly atorvastatin (~16%). A similar percentage of cases and controls received hydrophilic and high-

210

potency lipophilic statins (Table 1). There were only minor differences in the relative duration of use or

211

the average dose between cases and controls. The dose was the typical dose for hydrophilic statins

212

(median use of 365 DDD/year) but lower than the typical dose for high-potency lipophilic (243

213

DDD/year) and low-potency lipophilic statins (162 DDD/year) (Table 2). Low-potency lipophilic statin

214

users were typically older (50% were 75+ compared to 42% for high-potency lipophilic statin users) and

9
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215

more likely to have chronic cardiovascular disease (68% versus 57%-59% for users of other statins and

216

33% for never-users) (Supplementary Table 4).

217

After adjusting for several variables, including cardiovascular disease, propensity to use healthcare, and

218

use of non-statin lipid-lowering drugs, aspirin and other NSAIDs (Table 3), ever-use of any statin was

219

associated with small non-statistically significant reduced risk of CLL (OR = 0.89; 95% CI 0.76-1.04).

220

When grouped by lipophilicity and potency, only use of low-potency lipophilic statins (lovastatin and

221

fluvastatin) was associated with reduced risk, 0.64 (0.45-0.92). Neither high-potency lipophilic statins

222

(0.94; 0.79-1.11) nor hydrophilic statins (1.08; 0.86-1.34) were associated with CLL risk. The analysis

223

lacked power to detect a statistically significant association of individual statins use and CLL. However,

224

the effects of individual low-potency statins, fluvastatin (0.71; 0.40-1.26) and lovastatin (0.66; 0.43-1.02),

225

were consistent with their group effect.

226

More regular use (181–365 DDDs/year) of low-potency lipophilic statins was associated with a

227

clinically and statistically significant reduction in CLL risk (0.44; 0.22-0.88) (Table 4). Both higher

228

cumulative dose (≥ 1201 DDDs) and longer relative duration of use (≥ 76% of the time) of low-potency

229

lipophilic statins were associated with greater risk reduction, possibly suggesting a dose- and duration-

230

response effect. Individual low-potency statins displayed similar trends (Supplementary Table 5),

231

although the estimates were not precise. Generally, there were no clear dose or duration-response

232

trends for use of other statins. None of the variables we adjusted for in our analysis was an effect

233

modifier (Supplementary Table 6).

234

Discussion

235

In an a priori hypothesis-driven analysis, we found that use of low-potency lipophilic statins was

236

associated with lower CLL risk, OR=0.64 (0.45-0.92), with some indication of a dose-response effect.

237

We did not detect a similar association with the use of either high-potency lipophilic statins or

238

hydrophilic statins.

10
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239

The association between statin use and CLL risk has been studied before. Employing questionnaires to

240

measure statin use, a study conducted in 6 European nations (including 410 CLL patients) reported an

241

OR of 0.83 (0.51-1.34) for all statins combined (16). A prospective US cohort study found, based on

242

biannual questionnaires, that cholesterol-lowering drugs (93% of which were statins) had a risk ratio of

243

1.01 (0.59–1.74) for former users, and 0.91 (0.66–1.27) and 0.85 (0.58–1.23) for current users for less and

244

more than five years of use, respectively (17). The number of CLL patients in this study was relatively

245

small (326) with only 50 recent statin users and 49 long-term users) (17). Our estimates for statin use as

246

a class (OR=0.89; 0.76-1.04) are in line with these results, despite differences in study design and data

247

sources.

248

To the best of our knowledge, this is the first study to examine the association between low-potency

249

lipophilic statins and CLL incidence (the analyses in the abovementioned studies were limited to

250

studying the effects of statins as a class). Pharmacokinetic differences between lipophilic and hydrophilic

251

statins may explain the differences in their association with CLL risk. The water solubility of statins

252

affects their absorption and distribution in tissue (33, 34). Hydrophilic statins cannot easily penetrate

253

cell plasma membranes through passive transport and their distribution is more hepatoselective (4, 35).

254

However, this does not explain differences we observed between low-potency and high-potency

255

lipophilic statins. The indications for individual statins are overlapping and clinical guidelines do not

256

recommend certain types over others (36, 37), even though high-potency statins are prescribed when a

257

larger reduction of low-density lipoprotein cholesterol (LDL-C) levels is desired (38). There is no clear

258

connection between the type of statin and its effect on the MVA pathway in CLL cells. But this remains

259

unexamined area as most animal and laboratory studies are often limited to studying a particular statin

260

(39).

261

Simvastatin has shown cytotoxicity against cultured B-CLL cells with higher levels of apoptosis with

262

increased dosage (6). Fluvastatin showed higher cytotoxicity against lymphoma cells than atorvastatin

263

and simvastatin (39). The statins have been shown to down-regulate the anti-apoptotic protein BCL2 in
11
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264

some leukemias (40), and the complete remission rate in CLL is increased when simvastatin is combined

265

with venetoclax, another agent that selectively reduces BCL2 levels in CLL cells (41, 42). Elevated LDL

266

levels in CLL cells may decrease apoptosis of CLL cells; this was not observed for acute leukemia cells

267

or normal lymphocytes (43).

268

Strengths and limitations

269

A major strength of this study is the availability of high-quality, population-based health administrative

270

databases in Manitoba. The completeness and accuracy of the MCR and MH databases are well

271

established (20, 21). We had a relatively large number of cases compared to other CLL studies, but some

272

of our estimates were imprecise due to infrequent use of certain statins (especially low-potency lipophilic

273

statins). Reporting of cancer cases to the MCR is mandated by provincial law (44). The MCR currently

274

obtains data for all persons diagnosed with CLL cells using flow cytometry (but excludes cases with

275

monoclonal B lymphocytosis). CLL incidence was underreported before reporting of flow cytometry

276

became a standard practice (45). It is possible that some diagnosed cases during that time were not

277

included in the MCR, this misclassification was likely non-differential with respect to statin use.

278

A limitation of this study is that the DPIN database started in 1995. Statins prescribed before that time

279

could not be identified. Statins were not, however, frequently prescribed before 1995 (46, 47) and have

280

only been available since around 1990 (Supplementary Table 1). Also, any resulting misclassification is

281

likely non-differential with regard to the outcome (CLL diagnosis) as it excludes all exposure

282

information before 1995. Although we adjusted our analysis for several confounding factors, we could

283

not adjust for undiagnosed chronic cardiovascular disease. We also lacked information on aspirin use

284

unless it was prescribed which is the likely the case for regular users. As a result, we cannot rule out

285

residual confounding. We did not have information on some potential confounders, such as smoking,

286

alcohol use and environmental exposures, albeit the literature suggests this does not cause significant

287

confounding (2).

12
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288

While dyslipidemia has been associated with the development of CLL (48), the effect of severity of

289

dyslipidemia has not been studied. Our study is limited by a lack of data on cytokine and lipid levels; we

290

could not stratify our analysis by severity of dyslipidemia. The low-potency statin users in our study

291

used a relatively low dose of statins and were generally older and more likely to have chronic

292

cardiovascular disease and other comorbidities. Confounding by indication may have biased our results

293

if risk factors for CLL influenced statin prescriptions.

294

In summary, our results suggest that use of low-potency lipophilic statins might be associated with a

295

lower risk of CLL, possibly in a dose-dependent manner. Even though a causal relationship cannot be

296

proven, a 35% reduction in CLL risk is a promising, clinically relevant result that warrants further

297

investigation into the effects of low-potency lipophilic statins on CLL risk.

298

13

Downloaded from cebp.aacrjournals.org on March 3, 2021. © 2019 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on June 11, 2019; DOI: 10.1158/1055-9965.EPI-19-0107
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

299

Funding support

300

This work was funded by a Research Manitoba Research Cluster Grant (#761090863) to Drs. Banerji,

301

Johnston, Gibson, and Mahmud. The opinions presented in the report do not necessarily reflect those of

302

the funders.

303

Conflicts of Interest

304

SMM has received unrestricted research grants from Merck, GlaxoSmithKline, Sanofi Pasteur, Pfizer

305

and Roche-Assurex for unrelated studies. JBJ and VB have received unrestricted research grants from

306

Lundbeck, Gilead and Janssen Pharmaceuticals for unrelated projects and sit on advisory boards for

307

Gilead, Janssen, and Abbvie Pharmaceuticals. VB received consulting fees from Astra Zeneca.

308

Data sharing

309

Data used in this article was derived from administrative health and social data as a secondary use. The

310

data was provided under specific data sharing agreements only for approved use at Manitoba Centre for

311

Health Policy (MCHP). The original source data is not owned by the researchers or MCHP and as such

312

cannot be provided to a public repository. The original data source and approval for use has been noted

313

in the acknowledgments of the article. Where necessary, source data specific to this article or project

314

may be reviewed at MCHP with the consent of the original data providers, along with the required

315

privacy and ethical review bodies.

316

Authors’ contribution

317

XY and SMM designed and supervised the study, GZ and CHR analyzed the data, CHR, GZ, and SMM

318

wrote the manuscript, all other authors contributed to interpretation of the results and draft revisions.

319

All authors critically revised the manuscript for intellectual content and approved the final draft for

320

submission.

321

Acknowledgements

14

Downloaded from cebp.aacrjournals.org on March 3, 2021. © 2019 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on June 11, 2019; DOI: 10.1158/1055-9965.EPI-19-0107
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

322

The authors acknowledge the Manitoba Centre for Health Policy for the use of data contained in the

323

Population Health Research Data Repository under project #2016-041 (HIPC #2015/2016-45; REB

324

#H2015-392; RRIC #2015-059). The results and conclusions are those of the authors and no official

325

endorsement by the Manitoba Centre for Health Policy, Manitoba Health, or other data providers is

326

intended or should be inferred. Data used in this study are from the Population Health Research Data

327

Repository housed at the Manitoba Centre for Health Policy, University of Manitoba and were derived

328

from data provided by Manitoba Health and CancerCare Manitoba.

329

15

Downloaded from cebp.aacrjournals.org on March 3, 2021. © 2019 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on June 11, 2019; DOI: 10.1158/1055-9965.EPI-19-0107
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

330

References

331
332
333
334
335

1.
Table 103-0550 - Number and rates of new cases of primary cancer (based on the November
2017 CCR tabulation file), by cancer type, age group and sex, Canada, provinces and territories
[Internet]. Statistics Canada. 2017. Available from:
http://www5.statcan.gc.ca/cansim/a26?lang=eng&retrLang=eng&id=1030550&tabMode=dataTable&
srchLan=-1&p1=-1&p2=9.

336
337
338

2.
Bassig BA, Lan Q, Rothman N, Zhang Y, Zheng T. Current Understanding of Lifestyle and
Environmental Factors and Risk of Non-Hodgkin Lymphoma: An Epidemiological Update. Journal of
Cancer Epidemiology. 2012;2012:27.

339
340
341

3.
Law PJ, Berndt SI, Speedy HE, Camp NJ, Sava GP, Skibola CF, et al. Genome-wide association
analysis implicates dysregulation of immunity genes in chronic lymphocytic leukaemia. Nature
Communications. 2017;8:14175.

342
343

4.
Mullen PJ, Yu R, Longo J, Archer MC, Penn LZ. The interplay between cell signalling and the
mevalonate pathway in cancer. Nature reviews Cancer. 2016;16(11):718-31.

344
345

5.
Clendening JW, Pandyra A, Li Z, Boutros PC, Martirosyan A, Lehner R, et al. Exploiting the
mevalonate pathway to distinguish statin-sensitive multiple myeloma. Blood. 2010;115(23):4787-97.

346
347
348

6.
Chapman-Shimshoni D, Yuklea M, Radnay J, Shapiro H, Lishner M. Simvastatin induces
apoptosis of B-CLL cells by activation of mitochondrial caspase 9. Experimental Hematology.
2003;31(9):779-83.

349
350

7.
Vitols S, Angelin B, Juliusson G. Simvastatin impairs mitogen-induced proliferation of
malignant B-lymphocytes from humans--in vitro and in vivo studies. Lipids. 1997;32(3):255-62.

351
352

8.
Shi M, Zheng H, Nie B, Gong W, Cui X. Statin use and risk of liver cancer: an update metaanalysis. BMJ Open. 2014;4(9).

353
354

9.
Liu Y, Tang W, Wang J, Xie L, Li T, He Y, et al. Association between statin use and colorectal
cancer risk: a meta-analysis of 42 studies. Cancer causes & control : CCC. 2014;25(2):237-49.

355
356

10.
Coogan PF, Rosenberg L, Strom BL. Statin use and the risk of 10 cancers. Epidemiology
(Cambridge, Mass). 2007;18(2):213-9.

357
358

11.
Ye X, Mneina A, Johnston JB, Mahmud SM. Associations between statin use and non-Hodgkin
lymphoma (NHL) risk and survival: a meta-analysis. Hematological oncology. 2017;35(2):206-14.

359
360

12.
Yi X, Jia W, Jin Y, Zhen S. Statin use is associated with reduced risk of haematological
malignancies: evidence from a meta-analysis. PLoS One. 2014;9(1):e87019.

361
362

13.
Graaf MR, Beiderbeck AB, Egberts AC, Richel DJ, Guchelaar HJ. The risk of cancer in users of
statins. J Clin Oncol. 2004;22(12):2388-94.

363
364

14.
Blais L, Desgagne A, LeLorier J. 3-Hydroxy-3-methylglutaryl coenzyme A reductase inhibitors
and the risk of cancer: a nested case-control study. Arch Intern Med. 2000;160(15):2363-8.

365
366
367

15.
Cho SF, Yang YH, Liu YC, Hsiao HH, Huang CT, Wu CH, et al. Previous Exposure to Statin
May Reduce the Risk of Subsequent Non-Hodgkin Lymphoma: A Nationwide Population-Based CaseControl Study. PLoS One. 2015;10(10):e0139289.

368
369
370
371

16.
Fortuny J, de Sanjose S, Becker N, Maynadie M, Cocco PL, Staines A, et al. Statin use and risk
of lymphoid neoplasms: results from the European Case-Control Study EPILYMPH. Cancer
epidemiology, biomarkers & prevention : a publication of the American Association for Cancer Research,
cosponsored by the American Society of Preventive Oncology. 2006;15(5):921-5.
16

Downloaded from cebp.aacrjournals.org on March 3, 2021. © 2019 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on June 11, 2019; DOI: 10.1158/1055-9965.EPI-19-0107
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

372
373

17.
Jacobs EJ, Newton CC, Thun MJ, Gapstur SM. Long-term use of cholesterol-lowering drugs
and cancer incidence in a large United States cohort. Cancer Res. 2011;71(5):1763-71.

374
375
376

18.
Ye X, Zhang G, Righolt C, Johnston JB, Banerji V, Gibson SB, et al. Associations between
statin use and risk of non-Hodgkin lymphomas by subtype. International Journal of Cancer.
2018;143(4):971-9.

377
378

19.
Martens P, Nickel N, Lix L, Turner D, Prior H, Walld R, et al. The cost of smoking: a
Manitoba study. Manitoba Centre for Health Policy; 2015.

379
380

20.
Roos L, Mustard C, Nicol J, McLerran D, Malenka D, Young T, et al. Registries and
administrative data: organization and accuracy. Medical Care. 1993;31(3):201-12.

381
382

21.
Robinson JR, Young TK, Roos LL, Gelskey DE. Estimating the Burden of Disease: Comparing
Administrative Data and Self-Reports. Medical Care. 1997;35(9):932-47.

383
384

22.
Kozyrskyj AL, Mustard CA. Validation of an electronic, population-based prescription database.
Ann Pharmacother. 1998;32(11):1152-7.

385
386

23.
World Health Organization. International Classification of Diseases for Oncology, Third
Edition, First Revision. Geneva2013.

387
388

24.
Lichtman MA, Beutler E, Kipps TJ, Seligsohn U, Kaushansky K, Prchal JT. Williams
Hematology, Seventh Edition. New York: McGraw-Hill; 2006.

389
390

25.
Wacholder S, Silverman DT, McLaughlin JK, Mandel JS. Selection of Controls in Case-Control
Studies: III. Design Options. American Journal of Epidemiology. 1992;135(9):1042-50.

391
392

26.
Gerhard T. Bias: considerations for research practice. Am J Health Syst Pharm.
2008;65(22):2159-68.

393

27.

394
395
396

28.
Mustard CA, Derksen S, Berthelot JM, Wolfson M. Assessing ecologic proxies for household
income: a comparison of household and neighbourhood level income measures in the study of population
health status. Health & place. 1999;5(2):157-71.

397
398
399

29.
Roos LL, Walld R, Uhanova J, Bond R. Physician visits, hospitalizations, and socioeconomic
status: ambulatory care sensitive conditions in a canadian setting. Health services research.
2005;40(4):1167-85.

400
401

30.
Greenland S, Pearl J, Robins JM. Causal Diagrams for Epidemiologic Research. Epidemiology
(Cambridge, Mass). 1999;10(1):37-48.

402
403

31.
9.

404
405

32.
Rothman KJ, Greenland S, Lash TL. Modern Epidemiology. Third ed. Philidelphia: Wolters
Kluwer; 2008.

406
407

33.
Schachter M. Chemical, pharmacokinetic and pharmacodynamic properties of statins: an update.
Fundamental & clinical pharmacology. 2005;19(1):117-25.

408
409
410

34.
Kato S, Smalley S, Sadarangani A, Chen-Lin K, Oliva B, Branes J, et al. Lipophilic but not
hydrophilic statins selectively induce cell death in gynaecological cancers expressing high levels of
HMGCoA reductase. J Cell Mol Med. 2010;14(5):1180-93.

411
412
413

35.
Chen C, Lin J, Smolarek T, Tremaine L. P-glycoprotein has differential effects on the
disposition of statin acid and lactone forms in mdr1a/b knockout and wild-type mice. Drug metabolism
and disposition: the biological fate of chemicals. 2007;35(10):1725-9.

WHO Collaborating Centre for Drug Statistics Methodology. ATC/DDD Index 2004. 2014.

Rothman KJ. Induction and latent periods. American Journal of Epidemiology. 1981;114(2):253-

17

Downloaded from cebp.aacrjournals.org on March 3, 2021. © 2019 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on June 11, 2019; DOI: 10.1158/1055-9965.EPI-19-0107
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

414
415
416

36.
Anderson TJ, Grégoire J, Pearson GJ, Barry AR, Couture P, Dawes M, et al. 2016 Canadian
Cardiovascular Society Guidelines for the Management of Dyslipidemia for the Prevention of
Cardiovascular Disease in the Adult. Canadian Journal of Cardiology. 2016;32(11):1263-82.

417
418
419
420

37.
Stone NJ, Robinson JG, Lichtenstein AH, Bairey Merz CN, Blum CB, Eckel RH, et al. 2013
ACC/AHA Guideline on the Treatment of Blood Cholesterol to Reduce Atherosclerotic Cardiovascular
Risk in Adults. A Report of the American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. 2014;63(25 Part B):2889-934.

421
422

38.
Chong PH, Seeger JD, Franklin C. Clinically relevant differences between the statins:
implications for therapeutic selection. The American Journal of Medicine. 2001;111(5):390-400.

423
424
425

39.
Qi XF, Zheng L, Lee KJ, Kim DH, Kim CS, Cai DQ, et al. HMG-CoA reductase inhibitors
induce apoptosis of lymphoma cells by promoting ROS generation and regulating Akt, Erk and p38
signals via suppression of mevalonate pathway. Cell Death & Disease. 2013;4:e518.

426
427

40.
Wong WWL, Dimitroulakos J, Minden MD, Penn LZ. HMG-CoA reductase inhibitors and the
malignant cell: the statin family of drugs as triggers of tumor-specific apoptosis. Leukemia. 2002;16:508.

428
429
430

41.
Leverson JD, Sampath D, Souers AJ, Rosenberg SH, Fairbrother WJ, Amiot M, et al. Found in
Translation: How Preclinical Research Is Guiding the Clinical Development of the BCL2-Selective
Inhibitor Venetoclax. Cancer Discovery. 2017;7(12):1376-93.

431
432

42.
Lee JS, Roberts A, Juarez D, Vo T-TT, Bhatt S, Herzog L-o, et al. Statins enhance efficacy of
venetoclax in blood cancers. Science Translational Medicine. 2018;10(445).

433
434

43.
McCaw L, Shi Y, Wang G, Li Y-J, Spaner DE. Low Density Lipoproteins Amplify Cytokinesignaling in Chronic Lymphocytic Leukemia Cells. EBioMedicine. 2017;15:24-35.

435
436
437

44.
Beiggi S, Banerji V, Deneka A, Griffith J, Gibson SB, Johnston JB. Comparison of outcome of
patients with CLL who are referred or nonreferred to a specialized CLL clinic: a Canadian populationbased study. Cancer Medicine. 2016;5(6):971-9.

438
439
440

45.
Seftel MD, Demers AA, Banerji V, Gibson SB, Morales C, Musto G, et al. High incidence of
chronic lymphocytic leukemia (CLL) diagnosed by immunophenotyping: A population-based Canadian
cohort. Leukemia Research. 2009;33(11):1463-8.

441
442
443

46.
Neutel CI, Morrison H, Campbell NRC, de Groh M. Statin Use in Canadians: Trends,
Determinants and Persistence. Canadian Journal of Public Health / Revue Canadienne de Sante'e
Publique. 2007;98(5):412-6.

444
445

47.
Beck P, Wysowski DK, Downey W, Butler-Jones D. Statin use and the risk of breast cancer.
Journal of Clinical Epidemiology. 2003;56(3):280-5.

446
447
448

48.
Mozessohn L, Earle C, Spaner D, Cheng SY, Kumar M, Buckstein R. The Association of
Dyslipidemia With Chronic Lymphocytic Leukemia: A Population-Based Study. JNCI: Journal of the
National Cancer Institute. 2017;109(3):djw226-djw.

449
450

18

Downloaded from cebp.aacrjournals.org on March 3, 2021. © 2019 American Association for Cancer Research.

Author Manuscript Published OnlineFirst on June 11, 2019; DOI: 10.1158/1055-9965.EPI-19-0107
Author manuscripts have been peer reviewed and accepted for publication but have not yet been edited.

451

Tables

452
453

Table 1: Number (%) of CLL cases and their matched controls by certain socio-economic and
clinical characteristics
Case

Control

(N=1,385)

(N=6,841)

825 (59.6%)

4,100 (59.9%)

40-54

151 (10.9%)

737 (10.8%)

55-64

328 (23.7%)

1,621 (23.7%)

65-74

403 (29.1%)

2,009 (29.4%)

75+

503 (36.3%)

2,474 (36.2%)

In top 60% of household income distribution

800 (57.8%)

3,804 (55.6%)

Rural residence

521 (37.6%)

2,472 (36.1%)

Diabetes

229 (16.5%)

1,231 (18.0%)

Chronic cardiovascular disease (excluding
hypertension)

579 (41.8%)

2,719 (39.7%)

Ischemic heart diseases

261 (18.8%)

1,284 (18.8%)

33 (2.4%)

200 (2.9%)

Any statin

371 (26.8%)

1,918 (28.0%)

Any statin 2-5 years prior to the index
date

341 (24.6%)

1,739 (25.4%)

Any statin 6-10 years prior to the index
date

219 (15.8%)

1,139 (16.6%)

Any statin 11+ years prior to the index
date

93 (6.7%)

462 (6.8%)

Hydrophilic statins

131 (9.5%)

591 (8.6%)

Male
Age group

Comorbidities

Stroke
Ever-use of statins
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High-potency lipophilic statins

290 (20.9%)

1,500 (21.9%)

Low-potency lipophilic statins

40 (2.9%)

287 (4.2%)

Pravastatin

67 (4.8%)

299 (4.4%)

Rosuvastatin

73 (5.3%)

330 (4.8%)

Simvastatin

113 (8.2%)

572 (8.4%)

Atorvastatin

218 (15.7%)

1,113 (16.3%)

Fluvastatin

15 (1.1%)

111 (1.6%)

Lovastatin

28 (2.0%)

199 (2.9%)

Non-statin lipid-lowering drugs

101 (7.3%)

464 (6.8%)

Metformin

123 (8.9%)

681 (10.0%)

Insulin

32 (2.3%)

169 (2.5%)

Other oral hypoglycemic drugs

113 (8.2%)

604 (8.8%)

Aspirin

249 (18.0%)

1,392 (20.3%)

Non-aspirin NSAID

844 (60.9%)

4,340 (63.4%)

Any NSAID

911 (65.8%)

4,721 (69.0%)

Ever-use of other prescription drugs

No. of physician visits in the 5-year period before index date
0 — 19

261 (18.8%)

1,495 (21.9%)

20 — 39

388 (28.0%)

2,014 (29.4%)

40 — 64

380 (27.4%)

1,656 (24.2%)

65+

356 (25.7%)

1,676 (24.5%)
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455
456
457

Table 2: Relative duration (percent of time) and average annual dose (DDD/year) of statin use
prior to the index date excluding the year before the index date, for CLL cases and their
matched controls according to statin subgroup.
Cases
Q1

Controls

Median

Q3

Q1

Median

Q3

Average annual dose (DDD/year)
Hydrophilic

350.3

365.0

392.2

365.0

365.0

429.0

High-potency lipophilic

182.5

243.3

365.0

182.5

251.8

365.0

Low-potency lipophilic

162.2

162.2

233.4

162.2

165.1

243.3

Hydrophilic

5.1

14.5

34.2

3.4

11.8

28.6

High-potency lipophilic

6.0

20.3

42.1

6.0

20.6

41.3

Low-potency lipophilic

7.1

23.4

53.0

5.9

23.1

63.7

Relative duration (%)

DDD = defined daily dose, Q1 = first quartile, Q3 = third quartile.
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459
460

Table 3: Adjusted odds ratios (95% confidence interval) of the association between CLL
incidence and ever-use of statins, excluding the year before the index date.
Ever-use of statins

Model Aa

Model Bb

Any statin

0.94 (0.82-1.08)

0.89 (0.76-1.04)

Hydrophilicc

1.14 (0.93-1.41)

1.08 (0.86-1.34)

Pravastatind

1.18 (0.89-1.55)

1.13 (0.84-1.51)

Rosuvastatind

1.12 (0.85-1.47)

1.06 (0.79-1.42)

High-potency lipophilicc

0.96 (0.82-1.12)

0.94 (0.79-1.11)

Simvastatind

1.02 (0.82-1.27)

1.03 (0.82-1.29)

Atorvastatind

0.99 (0.84-1.18)

0.96 (0.80-1.16)

0.68 (0.48-0.96)

0.64 (0.45-0.92)

Fluvastatind

0.72 (0.41-1.25)

0.71 (0.40-1.26)

Lovastatind

0.70 (0.47-1.06)

0.66 (0.43-1.02)

Low-potency lipophilicc

a: Model A includes the matching variables (age, gender, residence and duration of coverage). b: Model
B includes the matching variables, chronic cardiovascular disease (excluding hypertension), income
quintiles and number of physician visits 5 years before index date, non-statin lipid-lowering drugs,
non-aspirin NSAIDs and aspirin and derivatives. c: Also adjusted for ever-use of the other statin
subgroups. d: Also adjusted for ever-use of the other individual statins.
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462
463
464

Table 4: Adjusteda odds ratios (95% confidence interval) of the association between CLL
diagnosis and statin use, excluding the year before the index date, by statin subgroup according
to period, duration and dose.
Statin use

Hydrophilic

High-potency
lipophilic

Low-potency
lipophilic

Time of first use (years prior to the index date)b
2-5

1.07 (0.79-1.44)

0.96 (0.77-1.19)

0.62 (0.28-1.40)

6-10

0.93 (0.64-1.34)

0.90 (0.71-1.14)

0.61 (0.33-1.12)

11+

1.42 (0.90-2.24)

0.96 (0.69-1.34)

0.65 (0.39-1.11)

Relative duration (fraction of drug history)b
1 - 25%

1.03 (0.79-1.33)

0.91 (0.74-1.12)

0.69 (0.43-1.12)

26 - 50%

1.10 (0.68-1.77)

0.85 (0.64-1.13)

0.56 (0.22-1.43)

51 - 75%

1.60 (0.84-3.04)

1.10 (0.76-1.59)

0.70 (0.29-1.68)

≥ 76%

0.99 (0.34-2.91)

1.40 (0.81-2.41)

0.42 (0.15-1.17)

< 12 months

1.00 (0.77-1.30)

0.97 (0.80-1.18)

0.65 (0.43-1.01)

≥ 12 months

1.23 (0.85-1.78)

0.90 (0.70-1.15)

0.60 (0.32-1.14)

1-6

0.91 (0.60-1.40)

0.95 (0.70-1.29)

0.41 (0.16-1.06)

7 - 24

1.06 (0.73-1.52)

0.85 (0.63-1.13)

0.81 (0.43-1.52)

25 - 48

1.04 (0.65-1.67)

1.00 (0.75-1.34)

0.60 (0.27-1.32)

≥ 49

1.39 (0.93-2.09)

0.97 (0.75-1.26)

0.67 (0.36-1.23)

1 - 120

0.87 (0.53-1.42)

0.92 (0.67-1.25)

0.68 (0.34-1.35)

121 - 480

0.87 (0.56-1.33)

0.92 (0.70-1.22)

0.71 (0.37-1.35)

481 - 1200

1.39 (0.93-2.07)

0.97 (0.73-1.29)

0.71 (0.35-1.44)

≥ 1201

1.18 (0.83-1.70)

0.94 (0.72-1.23)

0.47 (0.20-1.09)

Continuous useb

Duration (months)b

Cumulative dose (DDD)b
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Average annual dose (DDD/year)b
1 - 180

2.81 (0.83-9.50)

0.97 (0.65-1.43)

0.74 (0.47-1.16)

181 - 365

1.46 (0.96-2.22)

0.96 (0.79-1.17)

0.44 (0.22-0.88)

≥ 366

0.96 (0.74-1.23)

0.89 (0.68-1.15)

0.88 (0.30-2.58)

a: Adjusted for the matching variables (age, gender, residence and duration of coverage), chronic
cardiovascular disease (excluding hypertension), income quintiles and number of physician visits 5 years
before index date, non-statin lipid-lowering drugs, non-aspirin NSAIDs, aspirin and derivatives, and
other statin subgroups. b: Compared to never use of the specific statin subgroup.
465
466
467
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