1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Int J Cancer. Author manuscript; available in PMC 2018 August 01.

-, HHS Public Access
«

Published in final edited form as:
Int J Cancer. 2017 August 01; 141(3): 480-487. doi:10.1002/ijc.30745.

Statin use and risk of multiple myeloma: an analysis from the
Cancer Research Network

Mara M. Epsteinl, George Divine2, Chun R. Chao3, Karen E. Wells?, Heather Spencer
Feigelson4, Delia Scholes®, Douglas Roblin8, Marianne Ulcickas Yood’, Lawrence S.
Engel8, Andrew Taylor2, Joan Fortuny®, Laurel A. Habell9, and Christine C. Johnson?

IMeyers Primary Care Institute and Department of Medicine, University of Massachusetts Medical
School, Worcester, MA

2Department of Public Health Sciences, Henry Ford Hospital & Health System, Detroit, Ml
SDepartment of Research and Evaluation, Kaiser Permanente Southern California, Pasadena, CA
“4Institute for Health Research, Kaiser Permanente, Denver, CO

SKaiser Permanente Washington Health Research Institute, Kaiser Permanente Washington,
Seattle, WA

6School of Public Health, Georgia State University, Atlanta, GA; Center for Clinical and Outcomes
Research, Kaiser Permanente Georgia, Atlanta, GA

’Department of Epidemiology, Boston University School of Public Health, Boston, MA

8Department of Epidemiology, Gillings School of Global Public Health, University of North
Carolina at Chapel Hill, Chapel Hill, NC

9RTI-Health Solutions, Barcelona, Spain

10Djvision of Research, Kaiser Permanente Northern California, Oakland, CA

Abstract

Animal and human data suggest statins may be protective against developing multiple myeloma;
however, findings may be biased by the interrelationship with lipid levels. We investigated the
association between statin use and risk of multiple myeloma in a large US population, with an
emphasis on accounting for this potential bias. We conducted a case-control study nested within 6
US integrated healthcare systems participating in the National Cancer Institute-funded Cancer
Research Network. Adults aged =40 years who were diagnosed with multiple myeloma from
1998-2008 were identified through cancer registries (N=2532). For each case, 5 controls were
matched on age, sex, health plan, and membership duration prior to diagnosis/index date. Statin
prescriptions were ascertained from electronic pharmacy records. To address potential biases
related to lipid levels and medication prescribing practices, multivariable marginal structural
models were used to model statin use (=6 cumulative months) and risk of multiple, with
examination of multiple latency periods. Statin use 48—72 months prior to diagnosis/index date
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was associated with a suggestive 20-28% reduced risk of developing multiple myeloma, compared
to non-users. Recent initiation of statins was not associated with myeloma risk (risk ratio range
0.90-0.99 with 0-36 months latency). Older patients had more consistent protective associations
across all latency periods (risk ratio range 0.67-0.87). Our results suggest that the association
between statin use and multiple myeloma risk may vary by exposure window and age. Future
research is warranted to investigate the timing of statin use in relation to myeloma diagnosis.
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Introduction

Multiple myeloma is a rare malignancy of clonal plasma cells that originate in the bone
marrow and normally secrete antibodies against foreign antigens.!: 2 Despite substantial
improvements in treatment since the early 2000s, multiple myeloma remains a lethal disease,
with an overall 5-year survival rate of 48.5%.3-° The time between first appearance of
symptoms and definitive diagnosis is often prolonged.® Known risk factors for multiple
myeloma include obesity and other unmodifiable factors, such as being older age, male, and
African-American.”: 8 As a result, the need to identify modifiable risk factors, and
particularly protective factors, remains a priority.

Epidemiological studies have suggested that statin use reduces the risk or recurrence of
several cancer types,? including prostate cancer,10-12 hepatocellular carcinoma,3. 14
digestive cancers,1® 16 and breast cancer,17-20 although results have been inconclusive.?l A
recent meta-analysis of 20 hematological cancer studies suggests a protective association
between statin use and hematological cancer risk overall, while a second meta-analysis of 14
studies observed a statistically significant 19% reduced risk of non-Hodgkin lymphoma and
a non-significant 11% reduced risk of multiple myeloma.22: 23 Few studies have examined
an association with statin use and multiple myeloma specifically, and case numbers were
generally small.19 23-25 Experimental evidence suggests that statins, which act via the
mevalonate pathway, may halt growth and induce apoptosis in multiple myeloma cancer
cells, although not all myeloma cell lines have been sensitive to statin-induced

apoptosis.28: 27 Existing evidence, while inconclusive, suggests that statin use may reduce
the risk of multiple myeloma,19: 23, 24,28

In addition, patients with multiple myeloma may have lower cholesterol levels than healthy
controls,2% 30 independent of statin use. However, to our knowledge, no epidemiological
study of statins and hematological cancer has incorporated longitudinal serum cholesterol
levels to account for this possible influence on statin prescribing practices. The objective of
the present longitudinal study was to investigate the association between statin use and risk
of multiple myeloma in a large, well-defined population with detailed pharmacy records and
validated cancer registry data, by employing marginal structural modeling (MSM) to
account for time-varying serum cholesterol measures as well as statin use. We also focused
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on identifying the etiologically relevant exposure window for statin use by examining
multiple latency periods.

Materials and Methods

Study population and data sources

This study was conducted as part of the Cancer Research Network, a National Cancer
Institute-funded, nationwide consortium of research-oriented organizations affiliated with 14
non-profit integrated healthcare delivery systems, which provide comprehensive services to
a defined population. In each system, medical charts and automated data systems document
the characteristics and care of all enrollees. Together, the participating Cancer Research
Network sites represent over 3.5% of the US population.3!: 32 Six health plans participated
in the present analysis: Henry Ford Health System/Health Alliance Plan (Detroit, Ml), and
Kaiser Permanente (KP) in Washington (Seattle, WA), Colorado (Denver, CO), Georgia
(Atlanta, GA), Northern California (Oakland, CA), and Southern California (Pasadena, CA).
Members of the health plans have electronic data on diagnoses, procedures and laboratory
results from clinical encounters as well as pharmacy use. Participating sites identify cancer
cases through linkage to the National Cancer Institute Surveillance, Epidemiology and End
Results (SEER) Program or to a state tumor registry (KP Colorado). Data was accessed
through the Cancer Research Network’s Virtual Data Warehouse, a series of standardized
variable definitions and data coding extracted from clinical and administrative sources and
maintained at each site.

Study eligibility included age =40 years, continuous health plan enrollment with prescription
drug benefits for at least 2 years, and no evidence of HIV infection or history of organ
transplant. Individual members contributed person-time to the base population until the
earliest date of cancer diagnosis or health plan disenrollment. We conducted a case-control
study nested within this defined base population. This study was approved by the
Institutional Review Board at Henry Ford Health System and all participating health
systems.

Case and control selection—We identified all incident diagnoses of multiple myeloma
and other plasma cell tumors (histology/morphology codes 9731-9734) during 1998-2008.

Up to 5 controls were selected per case, matched by age (2 year age-strata), sex, health plan/
study site, and duration of continuous health plan membership at the date of diagnosis (2
year strata). Controls were assigned their matched case’s diagnosis date as the index date, in
order to give cases and controls the same period of health plan membership during which
statin exposure was ascertained. Controls were selected via risk-set sampling without
replacement. Controls who were later diagnosed with multiple myeloma were also included
as cases and assigned their own set of controls.

Data collection—The observation period for each subject began at the date of continuous
plan enrollment until the diagnosis/index date. Information regarding statin use (medication
type, dates of prescription, and prescribed dose) was obtained for all participants from
pharmacy databases; data were also collected on use of anion exchange resins, fibrates,
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nicotinic acid, ezetimibe, and prescription non-steroidal anti-inflammatory drugs (NSAIDs).
Laboratory results throughout the study period were obtained for total cholesterol, low-
density lipoprotein (LDL) and high-density lipoprotein (HDL) blood tests.

Statistical analysis

To evaluate the association between initiation of statin use and risk of multiple myeloma, the
primary analysis used MSM to account for biases in the likelihood of prescribing statins, as
well as statin use.33 34 Specifically, MSM allowed us to address potential bias due to lipid
levels, which could be both a confounder of the statin-lymphoma association, as well as a
result of statin exposure. In particular, in contrast to the more common approach to analyze
case-control study data, where all exposures prior to the diagnosis/index data are collapsed
together, MSM allows the timing of lipid level relative to the initiation of statin use (if any)
to be taken into account. It should be noted that although MSM methods were developed for
cohort study designs, they have been evaluated for application to case-control designs
similar to ours.3® A portion of the adaptation of MSM to the case-control design involved
upweighting the controls to more accurately represent the larger population of persons
without multiple myeloma.

MSM analysis

Person-period dataset: We constructed a person-period dataset for the MSM analysis in
which time was represented in 30-day intervals (“person-month”) for each individual.
Observation time at each site began at the earliest date at which electronic records existed
for both lipid measurements and statin prescription fills (1996 for KP Washington and KP
Southern California; 1997 for Henry Ford Health System/Health Alliance Plan, KP Georgia
and KP Northern California; and 2000 for KP Colorado). All individuals with =1 total
cholesterol and HDL measurement during follow-up were included. Cases without lipid
measurements were dropped from the analytic cohort along with their corresponding
controls. Controls without lipid measurements were also dropped; however, cases were
retained as long as at least 1 control remained.

Model construction—A participant was considered to be a statin user when they had 6
months of cumulative statin usage. Participants with <6 months of cumulative statin use
were treated as unexposed. Separate models were fit with cumulative duration of statin use
equal to =6, =12, =18 and =24 months. A 3-month run-in period was used to identify
prevalent statin users, who were excluded, since the extent of their previous statin use could
not be reliably ascertained. Thus all participants included in this analysis were assumed to
begin the study as non-users of statins.

Propensity scores/inverse probability of treatment weights (IPTW)—Variables
used to calculate the probability (or propensity) of statin initiation were sex, calendar year,
log values of HDL and total cholesterol, and indicator variables for index year, age (10-year
categories), study site, and histories of coronary heart disease, stroke, hypertension, diabetes,
prescription NSAID use, and any autoimmune disease. Baseline variables (e.g., sex and
medical history) were based on information reported at the earliest available date. Time-
varying variables (up until the diagnosis or index date) for HDL, LDL, and total cholesterol
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were created for each month of follow-up, and the last observation was carried forward and
assumed to be constant. Due to missing data, LDL was excluded from final models. To
calculate the stabilized weight ratios for use in MSM, logistic regression models were
constructed among the controls only to model statin use in approximation of a discrete time
survival model.36 The resulting model parameters were then used to estimate the probability
ratio among the cases.

Using discrete time survival modeling, the person-period dataset was used to assess the
association of statins with multiple myeloma risk.36 MSM addresses confounding using the
propensity for statin use to compute inverse probability of treatment weights (IPTW). We
computed the Cls about the risk ratios using robust standard errors. For primary results, the
stabilized IPTW were truncated at the first and 99™ percentiles.3” In sensitivity analyses, we
examined the impact of truncating weights at the third and 97t or fifth and 95! percentiles,
but the results did not change substantially. Therefore, we retained minimal truncation to
maximize the estimates’ stability. Models were adjusted for matching factors, as well as
history of coronary heart disease, stroke, hypertension, diabetes, and time-varying serum
HDL and total cholesterol levels. Since serum cholesterol levels have been observed to
decrease closer in time to clinical diagnosis of multiple myeloma (Alford SH, Havstad S,
Chao C, Habel LA, Janakiraman N, Wang Y, et al., unpublished data), the MSM models
incorporated time-varying serum cholesterol measurements to adjust for potential time-
varying confounding by cholesterol levels. It should be noted that although some covariables
were included in both the computation of IPTW and the modeling stages, statin exposure is
only present as a term in the final model.

To examine possible modification of the association between statin use and multiple
myeloma, additional analyses stratified the models separately by gender and age group (<70
vs =70 years). All tests of statistical significance were two-sided.

Sensitivity analyses—Since multiple myeloma may be biologically present prior to a
definitive diagnosis,?: 38 we performed sensitivity analyses with the diagnosis/index date
shifted earlier in time by 12, 24, 36, 48, 60 or 72 months (“latency” analysis) to minimize
the impact of subclinical disease that is present but undiagnosed. In these analyses, we
ignored data collected after this revised diagnosis/index date.

MSM and IPTW approaches constrained how readily multilevel statin exposure could be
characterized in the MSM models. To provide a comparison to other common analytic
approaches, 2 secondary analyses were performed for comparison. We first employed a
survival model similar to MSM, with time-varying statin exposure and covariates, but
without IPTW. The second analysis used multivariable conditional logistic regression (CLR)
models with all pre-diagnosis/index date data collapsed as fixed covariates (Supplementary
Methods); by design, these models did not incorporate time-varying confounders. These
sensitivity analyses helped to interpret the more complex potential confounding relationship
between lipid levels, statin use and multiple myeloma. In the CLR models, statin use was
categorized as never use or current use (80% of prescriptions filled: <6 months, 6-12
months, 12—-24 months, or >24 months prior to the diagnosis/index date).
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In our study population, we identified 3134 incident cases of multiple myeloma across 6
participating study sites, and 12,725 matched controls meeting eligibility criteria; after
excluding participants missing lipid measurements (374 cases and 2124 controls) and with
prior statin exposure (187 cases and 796 controls), or no matched control (41 cases), the
final analysis included 2532 cases (82%) and 9805 controls (77%). The subjects without
lipid measurements were slightly younger (mean age 66 vs. 68) and less likely to have
documented comorbidities (for example, only 8% of subjects with hypertension lacked lipid
values, versus 25% of those without hypertension). Participants were enrolled in their health
care plans for an average of 71 months, and 54% of the population was male (Table 1).
Twenty-five percent of cases and 28% of controls used statins for a cumulative 26 months (p
=0.01). Cases had lower average serum cholesterol levels (total, HDL and LDL) compared
to controls (p < 0.001). On average, cases reported 12.3 months of statin use over the study
period, compared to 13.7 months of statin use for controls (p=0.01). Thirty-four percent of
eligible subjects (4174/12,337) had at least 1 statin prescription. Of the 4174 statin users,
368 (8.8%) started statin use so late in their observation period that they could not have met
the criterion set for statin exposure prior to the index/diagnosis date. Another 334 (8.0%)
statin users quit use within 6 months of initiation, and 375 (9.0%) quit later, but 3097
(74.2%) continued to use statins (defined as having a prescription or statin medication on
hand) on the index/diagnosis date.

We did not observe a consistently significant association between statin use and risk of
multiple myeloma in multivariable MSM analysis incorporating up to 48 months of latency
time. However, a suggestive protective association was evident with a latency period of 60—
72 months, suggesting a possible impact on early subclinical disease only (Table 2). Risk
ratios ranged from 0.99 (95% ClI: 0.83, 1.18; 12 months latency time, N cases = 2155) to
0.72 (95% CI: 0.53, 0.97; 60 months latency time, N cases = 1142).

The association between statin use and multiple myeloma risk varied somewhat by age at
diagnosis/index date in the MSM analysis (Table 3). When models were stratified by age
(<70 vs =70 years), the protective association between statin use and multiple myeloma risk
was more consistent among older patients, regardless of any latency period considered (risk
ratio range 0.67-0.87 for =70 years old vs risk ratio range 0.69-1.19 for <70 years old
group; p interaction range 0.003-0.95). With shorter latency periods, the association
between statin use and multiple myeloma risk was positive, yet not statistically significant,
among younger participants only.

In analyses stratified by gender, we observed a similar general pattern of decreasing risk
with increasing latency time, which was slightly more pronounced among males (Table 3; p
interaction range 0.22-0.98). Associations for males were likely slightly more protective due
to larger case numbers and increased precision. Taken together, all models showed
protective, yet imprecise, associations with statin use with additional latency time; however,
case numbers were reduced in each time period, and confidence intervals were wide.
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Sensitivity analyses incorporating survival models without IPTW showed associations
between statin use and multiple myeloma risk similar in magnitude and significance to the
MSM with IPTW (Supplementary Tables 1 and 2). Sensitivity analyses using CLR showed
protective associations between statin use and multiple myeloma risk with longer duration of
current statin use (=12 months of use) appearing more protective (Supplementary Tables
3A-3E). Point estimates from the CLR analysis indicated a more protective association
between long-term statin use and multiple myeloma risk than the results of the MSM
analysis.

Discussion

Statins are among the most commonly prescribed medications in the United States,3° with
50% of men and 36% of women aged 65—74 years in 2005-2008 reporting statin use during
the past month.4% Recently, epidemiological studies have investigated possible associations
between statin use and cancer risk; however, results have varied by cancer type and have
largely been inconsistent.#! To our knowledge, ours is the largest study to date of multiple
myeloma risk associated with statin use, and one of the few to consider exposure years
before diagnosis. In this case-control study nested within a population of integrated health
plan patients with longitudinal assessment of statin use, we observed a suggestive protective
association between statin use and risk of multiple myeloma for individuals exposed to
statins at least 60 months prior to diagnosis/index date. The stronger protective associations
observed with longer latency periods suggest the protective role of statins may be against
early stages of the carcinogenic process. Initiation of statin use in the years just prior to
diagnosis did not appear associated with decreased risk of developing multiple myeloma,
perhaps because the disease was already biologically present. These associations did not
vary significantly by gender and appeared more consistently protective among older patients.

A recent meta-analysis of 20 studies saw a statistically significant 19% reduction in
hematological cancer incidence associated with statin use,23 but data for multiple myeloma
were imprecise (risk ratio: 0.86, 95% CI: 0.19, 4.0) and no adjustment for cholesterol levels
was conducted in the original studies. A Japanese case-control study observed a higher
frequency of statin use in patients with lymphoid malignancy (lymphoma and myeloma)
compared to control patient groups,2® while a small US case-control study found a reduced
risk of multiple myeloma for women using statins for at least 6 months 1 year prior to
diagnosis/index date (odds ratio: 0.4, 95% ClI: 0.2-0.8).28 A larger European case-control
study also saw a protective association between statin use and multiple myeloma risk (odds
ratio: 0.47, 95% CI: 0.22, 0.99), although there were few statin users.24 Statin use was also
associated with decreased overall and disease-specific mortality in a cohort of US veterans
with multiple myeloma.*2

Existing experimental evidence supports a protective relationship between statins, which
inhibit the enzyme HMG-CoA reductase, and multiple myeloma. Malignant myeloma cell
lines exposed to statins have increased rates of cell death and inhibition of

proliferation,26: 27. 43 and the mevalonate pathway, on which statins act, may trigger
apoptosis.26: 44 In addition, patients with relapsed or refractory multiple myeloma treated
with a combination of thalidomide, dexamethasone and lovastatin experienced longer overall
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and disease-specific survival compared to patients not receiving lovastatin in a randomized
trial 4> Taken together, the epidemiological and experimental evidence supports a protective
role for statins against the development of multiple myeloma.

In our study, myeloma diagnoses were validated through tumor registries, including the NCI
SEER Program and state registries. Although diagnoses made out of state could have been
missed, since myeloma is a rare cancer, we believe the number of missed diagnoses is small.
Comorbid conditions, including autoimmune diseases, were identified objectively by
International Classification of Diseases, Ninth Revision, codes from electronic medical
encounter data, and serum cholesterol measurements were taken directly from laboratory
data. However, covariates were restricted to those available from automated data sources,
and some information may have been missed, although we expect the amount of missing
data to be small and non-differential between cases and controls or by exposure status. To
minimize the amount of missing data, each study site began contributing observation time
only when both statin prescription fills and serum cholesterol measurements were available
in their Virtual Data Warehouse electronic databases. Due to differences in data collected at
each study site, we did not have sufficient data on body mass index from all sites to include
in our multivariable models, and we cannot exclude the possibility of unmeasured
confounding by this factor. However, statins are more commonly prescribed among
overweight and obese patients,*® and therefore, the inverse association observed in this study
between statin prescription and multiple myeloma incidence should be a conservative
estimate of the association that would be observed if body mass index could have been
adjusted for in the analysis.

We ascertained statin use through pharmacy records, which minimizes the possibility of
recall bias seen in case-control studies. However, pharmacy records allow us to assess the
number of statin prescriptions that were filled by a study participant, not actual use. It is
possible that participants had additional prescription drug coverage that did not show up in
our electronic database, or that some prescriptions may have been missed, although we
expect this to account for a very small number of total prescriptions, since all participants
had drug coverage as part of their health plan. As such, exposure misclassification may be
possible, but unlikely to vary by case status. Since the majority of health plan members
remain with their health plan for many years,*’ we were able to assess longitudinal use of
statins and investigate the association with multiple myeloma risk over time. This study also
incorporated longitudinal and time-updated measures of potential confounders, including
serum cholesterol levels that, to our knowledge, had not been accounted for in previous
research.

Since the probability of being prescribed a statin is dependent on other factors, such as
diabetes, coronary heart disease, and cholesterol level, we utilized MSM for our primary
analysis. IPTW allowed us to estimate the probability of statin initiation between baseline
and diagnosis/index date, and also to adjust for baseline and time-varying covariates.
Following the initiator/new-user approach to MSM, we attempted to reduce the bias
resulting from prevalent use of statins, as prevalent users may be considered “survivors” at
lower risk for more severe outcomes. Despite the possibility of unmeasured confounding
affecting a small percentage of study participants, we do not believe this disqualifies our
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analysis from the assumption of exchangeability. If this assumption does not hold, our
results may be subject to bias.

Observed differences between the primary analysis (MSM) and sensitivity analyses
(particularly CLR) suggest that the impact of time-varying confounding by serum
cholesterol or comorbid conditions may play a role in interpreting the association between
statin use and risk of multiple myeloma. However, results of the MSM analysis were nearly
identical to those of survival models without IPTW, demonstrating an overall consistency of
associations between modeling techniques, and a more robust estimate of the association
between statin use and risk of multiple myeloma.

Members of the 6 geographically and demographically diverse Cancer Research Network
sites included in this study are likely representative of the insured US population during the
study period. As individuals without health insurance may be less likely to receive statin
therapy, we believe the results of this study are generalizable to the insured adult US
population.

In conclusion, our study supports a protective association between statin use and multiple
myeloma risk after adjusting for serum cholesterol levels. This association is most evident in
individuals with 48 months or more between initiation of statin use and diagnosis/index date,
as well as in older patients regardless of latency period. Since few previous studies have
investigated longer-term statin exposure in relation to multiple myeloma risk, these
interesting findings merit replication in other populations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We would like to thank Miguel Hernan, MD, DrPH, for his guidance and expertise on marginal structural models;
we gratefully acknowledge the assistance and input from numerous coordinators, programmers, and other co-
investigators at the participating health plans.

Funding: This work was supported by the National Cancer Institute at the National Institutes of Health (grant
numbers 5R01CA140754-04, 5U24CA171524-04) and the National Center for Research Resources and the
National Center for Advancing Translational Sciences, National Institutes of Health, through Grant KL2TR001454.

Conflicts of Interest: The co-authors of this manuscript have no conflicts of interest to report.

Abbreviations used

CLR conditional logistic regression

HDL high-density lipoprotein

IPTW inverse probability of treatment weighting

KP Kaiser Permanente

SEER Surveillance, Epidemiology, and End Results Program

Int J Cancer. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Epstein et al.

References
1.

10

11.

12.

13.

14.

15.

16.

17.

Page 10

LDL low-density lipoprotein
MSM marginal structural models
NSAID non-steroidal anti-inflammatory drugs

Swerdlow, SH.Campo, E.Harris, NL.Jaffe, ES.Pileri, SA.Stein, H.Thiele, J., Vardiman, JW., editors.
WHO classification of tumours of haematopoietic and lymphoid tissues. 4. Lyon: International
Agency for Research on Cancer; 2008.

. Birmann, BM., Chiu, BC-H., Muench, K., Suppan, CA., Cozen, W. Epidemiology and etiology of

multiple myeloma. In: Podar, K., Anderson, KC., editors. Multiple Myeloma - A New Era of
Treatment Strategies. Danvers, MA: Bentham Science Publishers; 2012. p. 15-57.

. Brenner H, Gondos A, Pulte D. Expected long-term survival of patients diagnosed with multiple

myeloma in 2006-2010. Haematologica. 2009; 94:270-5. [PubMed: 19144659]

. Kristinsson SY, Landgren O, Dickman PW, Derolf AR, Bjorkholm M. Patterns of survival in

multiple myeloma: a population-based study of patients diagnosed in Sweden from 1973 to 2003. J
Clin Oncol. 2007; 25:1993-9. [PubMed: 17420512]

. Howlader, N., Noone, AM., Krapcho, M., Neyman, N., Aminou, R., Altekruse, SF., Kosary, CL.,

Ruhl, J., Tatalovich, Z., Cho, H., Mariotto, A., Eisner, MP., et al. SEER cancer statistics review,
1975-2009 (vintage 2009 populations). Bethesda, MD: National Cancer Institute; 2012.

. Kariyawasan CC, Hughes DA, Jayatillake MM, Mehta AB. Multiple myeloma: causes and

consequences of delay in diagnosis. QJIM. 2007; 100:635-40. [PubMed: 17846059]

. Wallin A, Larsson SC. Body mass index and risk of multiple myeloma: a meta-analysis of

prospective studies. Eur J Cancer. 2011; 47:1606-15. [PubMed: 21354783]

. Teras LR, Kitahara CM, Birmann BM, Hartge PA, Wang SS, Robien K, Patel AV, Adami HO,

Weiderpass E, Giles GG, Singh PN, Alavanja M, et al. Body size and multiple myeloma mortality: a
pooled analysis of 20 prospective studies. Br J Haematol. 2014; 166:667—76. [PubMed: 24861847]

. Pisanti S, Picardi P, Ciaglia E, D’Alessandro A, Bifulco M. Novel prospects of statins as therapeutic

agents in cancer. Pharmacol Res. 2014; 88:84-98. [PubMed: 25009097]

. Platz EA, Leitzmann MF, Visvanathan K, Rimm EB, Stampfer MJ, Willett WC, Giovannucci E.
Statin drugs and risk of advanced prostate cancer. J Natl Cancer Inst. 2006; 98:1819-25. [PubMed:
17179483]

Platz EA, Tangen CM, Goodman PJ, Till C, Parnes HL, Figg WD, Albanes D, Neuhouser ML,
Klein EA, Lucia MS, Thompson IM Jr, Kristal AR. Statin drug use is not associated with prostate
cancer risk in men who are regularly screened. J Urol. 2014; 192:379-84. [PubMed: 24518774]
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; 71:1763-71. [PubMed:
21343395]

Singh S, Singh PP, Singh AG, Murad MH, Sanchez W. Statins are associated with a reduced risk of
hepatocellular cancer: a systematic review and meta-analysis. Gastroenterology. 2013; 144:323-
32. [PubMed: 23063971]

McGlynn KA, Divine GW, Sahasrabuddhe V'V, Engel LS, VanSlooten A, Wells K, Yood MU,
Alford SH. Statin use and risk of hepatocellular carcinoma in a U.S. population. Cancer
Epidemiol. 2014; 38:523-7. [PubMed: 25113938]

Singh PP, Singh S. Statins are associated with reduced risk of gastric cancer: a systematic review
and meta-analysis. Ann Oncol. 2013; 24:1721-30. [PubMed: 23599253]

Singh S, Singh AG, Singh PP, Murad MH, lyer PG. Statins are associated with reduced risk of
esophageal cancer, particularly in patients with Barrett’s esophagus: a systematic review and meta-
analysis. Clin Gastroenterol Hepatol. 2013; 11:620-9. [PubMed: 23357487]

Woditschka S, Habel LA, Udaltsova N, Friedman GD, Sieh W. Lipophilic statin use and risk of
breast cancer subtypes. Cancer Epidemiol Biomarkers Prev. 2010; 19:2479-87. [PubMed:
20729289]

Int J Cancer. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Epstein et al.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Page 11

Kwan ML, Habel LA, Flick ED, Quesenberry CP, Caan B. Post-diagnosis statin use and breast
cancer recurrence in a prospective cohort study of early stage breast cancer survivors. Breast
Cancer Res Treat. 2008; 109:573-9. [PubMed: 17674197]

Friedman GD, Flick ED, Udaltsova N, Chan J, Quesenberry CP Jr, Habel LA. Screening statins for
possible carcinogenic risk: up to 9 years of follow-up of 361,859 recipients. Pharmacoepidemiol
Drug Saf. 2008; 17:27-36. [PubMed: 17944002]

Ahern TP, Pedersen L, Tarp M, Cronin-Fenton DP, Garne JP, Silliman RA, Sorensen HT, Lash TL.
Statin prescriptions and breast cancer recurrence risk: a Danish nationwide prospective cohort
study. J Natl Cancer Inst. 2011; 103:1461-8. [PubMed: 21813413]

Kuoppala J, Lamminpaa A, Pukkala E. Statins and cancer: A systematic review and meta-analysis.
Eur J Cancer. 2008; 44:2122-32. [PubMed: 18707867]

Pradelli D, Soranna D, Zambon A, Catapano A, Mancia G, La Vecchia C, Corrao G. Statins use
and the risk of all and subtype hematological malignancies: a meta-analysis of observational
studies. Cancer Med. 2015; 4:770-80. [PubMed: 25809667]

Yi X, JiaW, Jin 'Y, Zhen S. Statin use is associated with reduced risk of haematological
malignancies: evidence from a meta-analysis. PLoS One. 2014; 9:e87019. [PubMed: 24498014]
Fortuny J, de Sanjose S, Becker N, Maynadie M, Cocco PL, Staines A, Foretova L, Vornanen M,
Brennan P, Nieters A, Alvaro T, Boffetta P. Statin use and risk of lymphoid neoplasms: results
from the European Case-Control Study EPILYMPH. Cancer Epidemiol Biomarkers Prev. 2006;
15:921-5. [PubMed: 16702371]

lwata H, Matsuo K, Hara S, Takeuchi K, Aoyama T, Murashige N, Kanda Y, Mori S, Suzuki R,
Tachibana S, Yamane M, Odawara M, et al. Use of hydroxy-methyl-glutaryl coenzyme A
reductase inhibitors is associated with risk of lymphoid malignancies. Cancer Sci. 2006; 97:133-8.
[PubMed: 16441424]

Clendening JW, Pandyra A, Li Z, Boutros PC, Martirosyan A, Lehner R, Jurisica I, Trudel S, Penn
LZ. Exploiting the mevalonate pathway to distinguish statin-sensitive multiple myeloma. Blood.
2010; 115:4787-97. [PubMed: 20360469]

Wong WW, Clendening JW, Martirosyan A, Boutros PC, Bros C, Khosravi F, Jurisica I, Stewart
AK, Bergsagel PL, Penn LZ. Determinants of sensitivity to lovastatin-induced apoptosis in
multiple myeloma. Mol Cancer Ther. 2007; 6:1886-97. [PubMed: 17575117]

Landgren O, Zhang Y, Zahm SH, Inskip P, Zheng T, Baris D. Risk of multiple myeloma following
medication use and medical conditions: a case-control study in Connecticut women. Cancer
Epidemiol Biomarkers Prev. 2006; 15:2342-7. [PubMed: 17132770]

Yavasoglu I, Tombuloglu M, Kadikoylu G, Donmez A, Cagirgan S, Bolaman Z. Cholesterol levels
in patients with multiple myeloma. Ann Hematol. 2008; 87:223-8. [PubMed: 17874102]

Hungria VT, Latrilha MC, Rodrigues DG, Bydlowski SP, Chiattone CS, Maranhao RC.
Metabolism of a cholesterol-rich microemulsion (LDE) in patients with multiple myeloma and a
preliminary clinical study of LDE as a drug vehicle for the treatment of the disease. Cancer
Chemother Pharmacol. 2004; 53:51-60. [PubMed: 14574458]

Geiger AM, Buist DS, Greene SM, Altschuler A, Field TS. Cancer Research N. Survivorship
research based in integrated healthcare delivery systems: the Cancer Research Network. Cancer.
2008; 112:2617-26. [PubMed: 18428194]

Wagner EH, Greene SM, Hart G, Field TS, Fletcher S, Geiger AM, Herrinton LJ, Hornbrook MC,
Johnson CC, Mouchawar J, Rolnick SJ, Stevens VJ, et al. Building a research consortium of large
health systems: the Cancer Research Network. J Natl Cancer Inst Monogr. 2005:3-11. [PubMed:
16287880]

Brumback BA, Hernan MA, Haneuse SJ, Robins JM. Sensitivity analyses for unmeasured
confounding assuming a marginal structural model for repeated measures. Stat Med. 2004;
23:749-67. [PubMed: 14981673]

Robins JM, Hernan MA, Brumback B. Marginal structural models and causal inference in
epidemiology. Epidemiology. 2000; 11:550-60. [PubMed: 10955408]

Mansson R, Joffe MM, Sun W, Hennessy S. On the estimation and use of propensity scores in
case-control and case-cohort studies. Am J Epidemiol. 2007; 166:332-9. [PubMed: 17504780]

Int J Cancer. Author manuscript; available in PMC 2018 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Epstein et al.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Page 12

Allison PD. Discrete-time methods for the analysis of event histories. Sociol Methodol. 1982;
13:61-98.

Cole SR, Hernan MA. Constructing inverse probability weights for marginal structural models. Am
J Epidemiol. 2008; 168:656-64. [PubMed: 18682488]

Howell DA, Smith AG, Jack A, Patmore R, Macleod U, Mironska E, Roman E. Time-to-diagnosis
and symptoms of myeloma, lymphomas and leukaemias: a report from the Haematological
Malignancy Research Network. BMC Hematol. 2013; 13:9. [PubMed: 24238148]

IMS Institute for Healthcare Informatics. Medicines use and spending shifts: a review of the use of
medicines in the US in 2014. Parsippany, NJ: IMS Health Incorporate; 2015.

US Department of Health and Human Services, Centers for Disease Control and Prevention,
National Center for Health Statistics. Health, United States 2010: with special feature on death and
dying. Hyattsville, MD: National Center for Health Statistics; 2011.

Kuzu OF, Noory MA, Robertson GP. The role of cholesterol in cancer. Cancer Res. 2016;
76:2063-70. [PubMed: 27197250]

Sanfilippo KM, Keller J, Gage BF, Luo S, Wang TF, Moskowitz G, Gumbel J, Blue B, O’Brian K,
Carson KR. Statins Are Associated With Reduced Mortality in Multiple Myeloma. J Clin Oncol.
published online Sep 19 2016.

Gronich N, Drucker L, Shapiro H, Radnay J, Yarkoni S, Lishner M. Simvastatin induces death of
multiple myeloma cell lines. J Investig Med. 2004; 52:335-44.

Pandyra A, Mullen PJ, Kalkat M, Yu R, Pong JT, Li Z, Trudel S, Lang KS, Minden MD, Schimmer
AD, Penn LZ. Immediate utility of two approved agents to target both the metabolic mevalonate
pathway and its restorative feedback loop. Cancer Res. 2014; 74:4772-82. [PubMed: 24994712]
Hus M, Grzasko N, Szostek M, Pluta A, Helbig G, Woszczyk D, Adamczyk-Cioch M, Jawniak D,
Legiec W, Morawska M, Kozinska J, Wacinski P, et al. Thalidomide, dexamethasone and
lovastatin with autologous stem cell transplantation as a salvage immunomodulatory therapy in
patients with relapsed and refractory multiple myeloma. Ann Hematol. 2011; 90:1161-6.
[PubMed: 21698395]

Neutel ClI, Morrison H, Campbell NR, de Groh M. Statin use in Canadians: trends, determinants
and persistence. Can J Public Health. 2007; 98:412—-6. [PubMed: 17985686]

Field TS, Cernieux J, Buist D, Geiger A, Lamerato L, Hart G, Bachman D, Krajenta R, Greene S,
Hornbrook MC, Ansell G, Herrinton L, et al. Retention of enrollees following a cancer diagnosis
within health maintenance organizations in the Cancer Research Network. J Natl Cancer Inst.
2004; 96:148-52. [PubMed: 14734705]

Int J Cancer. Author manuscript; available in PMC 2018 August 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Epstein et al.

Page 13

Novelty and Impact

The association between statin use and risk of multiple myeloma was examined in a
large, well-defined population with detailed pharmacy records and validated cancer
registry data. Using multivariable marginal structural models to address potential biases
related to serum lipid levels and statin prescribing practices, we observed a protective
association between statin use and myeloma risk that varied substantially by exposure
window.
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Characteristics of multiple myeloma cases and matched controls derived from 6 US health plans, 1998-2008

Variable

Cases (N=2,532)

Controls (N=9,805)

p-valuel

Age in years, Mean + SD
Age in years, N (%)
40-49
50-59
60-69
70-79
80-89
290
Index/diagnosis year
1998-2001
2002-2005
2006-2008
Study Site

Henry Ford Health System/Health Alliance Plan

Kaiser Permanente (KP) Washington
KP Colorado
KP Georgia
KP Northern California
KP Southern California
Gender
Female
Male
Cumulative statin use
>6 months
<6 months
None

Coronary heart disease?

Yes

No
Hypertension

Yes

No
Diabetes

Yes

No
Prescription NSAID use

Yes

No

Any diagnosed autoimmune disease?

68.0+11.0

119 (5%)
438 (18%)
728 (30%)
774 (32%)
348 (14%)

35 (1%)

574 (24%)
1034 (42%)
834 (34%)

66 (3%)
131 (5%)
116 (5%)
41 (2%)
960 (39%)
1128 (46%)

1104 (45%)
1338 (55%)

636 (25%)
162 (6%)
1734 (68%)

134 (5%)
2308 (95%)

907 (37%)
1535 (63%)

294 (12%)
2148 (88%)

880 (36%)
1562 (64%)

67.3+10.9

484 (5%)
1752 (19%)
3037 (32%)
2764 (29%)
1240 (13%)

117 (1%)

1895 (20%)
4025 (43%)
3474 (37%)

221 (2%)
449 (5%)
392 (4%)
142 (2%)
3650 (39%)
4540 (48%)

4365 (46%)
5029 (54%)

2773 (28%)
603 (6%)
6429 (66%)

565 (6%)
8829 (94%)

3005 (32%)
6389 (68%)

1137 (12%)
8257 (88%)

3287 (35%)
6107 (65%)

0.004
0.07

<0.001

<0.001
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Variable Cases (N=2,532) Controls (N=9,805) p-value1
Yes 20 (1%) 79 (1%)
No 2422 (99%) 9315 (99%)
Months of observation time,# Mean + SD 68.9£38.0 720+£385 <.001
Total cholesterol, Mean + SD 179.7+ 489 202.1+41.2 <0.001
HDL, Mean + SD 46.2 £16.5 52.4+16.0 <0.001
LDL,5 Mean + SD 104.7 +39.0 119.3+347 <0.001

HDL.: high density lipoprotein; KP: Kaiser Permanente; LDL: low density lipoprotein; NSAID: non-steroidal anti-inflammatory drug; SD: standard

deviation

1 . . . . .
p-values from t-tests (continuous variables) or chi-square tests (categorical variables)

Coronary heart disease, hypertension, and diabetes defined by diagnosis codes from the International Classification of Diseases, Ninth Revision

Defined by diagnosis codes from the International Classification of Diseases, Ninth Revision, for rheumatoid arthritis, systemic lupus

erythematous, and Sjégren’s syndrome

4 L . . .
Observation time calculated from time of study entry to diagnosis/index date

5Due to missing data, there are 12,516 people in the total population (2423 cases and 10,093 controls) with LDL data
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Association between =6 months of statin use and risk of multiple myeloma, excluding the first 3 months of
observation time and incorporating varying latency periods

Latency period, months

N cases

Risk Ratio (95% C1)1

0
12
24

362
482
603

724

2292
2155
1935
1631

1365
1142

914

0.96 (0.81, 1.14)
0.99 (0.83, 1.18)
0.91 (0.75, 1.10)
0.90 (0.73, 1.12)

0.80 (0.62, 1.03)
0.72 (0.53, 0.97)

0.79 (0.55, 1.14)

Risk Ratios from marginal structural models adjusted for age, index year, study site, gender, and time-updated coronary heart disease,

hypertension, diabetes, non-steroidal anti-inflammatory drug use, diagnosed autoimmune disease, log (serum total cholesterol) and log (serum
high-density lipoprotein) levels

Zlndex years 1998-2000 combined in models

3Index years 1998-2001 combined in models

4Index years 1998-2003 combined in models
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Association between statin use and risk of multiple myeloma by age group and gender, excluding the first 3

months of observation time and incorporating varying latency periods

Latency period, months

N cases

Risk Ratio (95% cl)l P interaction

12
24

362
482
603

724

24
367
482
603

724

0
12
24

362
482
603

724

Age <70 years
1215
1132
1006
827
663
555
437

Age =70 years
1077

1023
929
804

702
587
477

Males
1253
1186
1066

894
746
614
493
Females
1039
969
869
737
619
528

421

1.19 (0.94, 1.51)
1.18 (0.92, 1.51)
1.07 (0.81, 1.41)
1.04 (0.76, 1.42)

0.95 (0.66, 1.38)
0.69 (0.43, 1.12)

0.73 (0.41, 1.30)

0.73 (0.57, 0.94)
0.81 (0.63, 1.04)
0.76 (0.58, 0.99)
0.78 (0.58, 1.05)

0.67 (0.48, 0.94)
0.71 (0.48, 1.05)

0.87 (0.53, 1.40)

0.97 (0.77, 1.24)
1.02 (0.80, 1.29)
0.97 (0.75, 1.25)
0.85 (0.63, 1.14)

0.69 (0.50, 0.97)
0.62 (0.42, 0.93)

0.70 (0.43, 1.14)

0.97 (0.76, 1.24)
0.97 (0.75, 1.26)
0.85 (0.64, 1.13)
0.97 (0.71, 1.32)

0.95 (0.66, 1.38)
0.80 (0.51, 1.26)

0.84 (0.49, 1.44)

0.006
0.04
0.08
0.19

Risk Ratios from marginal structural models adjusted for age, index year, study site, gender, and time-updated coronary heart disease,

hypertension, diabetes, non-steroidal anti-inflammatory drug use, diagnosed autoimmune disease, log(serum total cholesterol) and log (serum high-

density lipoprotein) levels
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Zlndex years 1998-2000 combined in models
3Index years 1998-2001 combined in models

4Index years 1998-2003 combined in models
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