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Abstract
Statins and nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most commonly
prescribed medications. In vitro studies suggest that statins and NSAIDs may have potential as
anti-cancer therapies in low grade non-Hodgkin lymphomas including chronic lymphocytic
leukemia (CLL) and a recent observational study found statin use was associated with improved
event free survival in patients with follicular lymphoma. Other studies have suggested that statins
reduce the efficacy of rituximab by inhibiting binding to CD20. We therefore conducted an
observational cohort study of 686 patients with newly diagnosed Rai stage 0 CLL to evaluate
whether statin or NSAID use was related to their clinical outcome or influenced the efficacy of
rituximab therapy. At diagnosis, 136 (20%) patients took statins and 230 (34%) scheduled daily
aspirin, ibuprofen, or naproxen. No difference in time to treatment was observed based on statin or
NSAID use. Among patients receiving a rituximab containing first-line therapy, no difference in
time to salvage treatment was observed based on statin use. Although previous studies suggested
statins may improve event free survival among patients with follicular lymphoma, we find no
impact of statins on time to initial therapy in this large study of patients with Rai stage 0 CLL. The
in vitro observation that statins reduce rituximab efficacy does not appear to have clinical
significance in CLL care.

BACKGROUND
Statins and nonsteroidal anti-inflammatory drugs (NSAID) are among the most commonly
prescribed medications in Western countries1. Statins are used primarily for treatment of
hyperlipidemia with an estimated 1 in 4 individuals age 60 and older taking statin therapy2,
while an estimated 17 million Americans use NSAIDs on a daily basis3. Since the median
age at the time of diagnosis of chronic lymphocytic leukemia (CLL) is 65-70, it is
anticipated that a larger portion of patients with CLL take statins and NSAIDs.

Statins inhibit 3-hydroxy-3-methylglutaryl coenzyme-A reductase (HMG-CoAR) which is
the rate-limiting enzyme in the mevalonate pathway required for the synthesis of isoprenoids
such as cholesterol4,5. Inhibition of isopreniod synthesis by statins could have a direct
antitumor effect by interfering with the formation of cholesterol-rich lipid micro-domains
(“lipid rafts”) within the cell membrane6 as well as by impairing protein prenylation7. These
processes are important for signaling activity of proteins known to be related to
lymphomagenesis and tumor survival5. Other studies have suggested that statins may exert
effects on immune cells and the tumor microenvironment8,9. These findings have led to in
vitro testing of statins as an anticancer therapy for a variety of tumor types including
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CLL10-12. In addition, CLL cells have been reported to have less low-density lipoprotein
receptor activity and higher HMG-CoAR activity than normal mononuclear blood cells.
Other studies suggest lipoprotein lipase mRNA or protein levels identify CLL patients at
higher risk of progression13-16. These results suggest that CLL cells may depend on de-novo
cholesterol synthesis for their survival and proliferation 11. This hypothesis is supported by
the finding that in vitro treatment of CLL cells with statins induces apoptosis via a caspase-
dependent mechanism but the clinical relevance of this finding remains uncertain10.

NSAIDs have also been extensively studied as both as chemoprevention agents as well as an
anti-cancer therapies17. NSAIDs inhibit cyclo-oxygenase (COX) and decrease prostaglandin
synthesis. Other reported anti-tumor effects of NSAIDs include caspase activation,
activation of NFKB, down regulation of BCL2, effects on DNA mismatch repair and
generation of reactive oxygen species as previously reviewed17. The magnitude of these
effects may differ depending on both tissue characteristics (e.g. expression of
cyclooxygenase) and the properties of the various NSAIDs. CLL cells have been shown to
have constitutive COX-2 expression that increases with CD40 ligand stimulation18and
NSAIDs appear to induce cell death by both COX dependent and independent mechanisms
in vitro 18-20. Limited in vitro data suggests that NSAIDS may enhance the effects of purine
nucleoside analogue (PNA) and rituximab based treatments in CLL21,22.

Several recent observations raise further questions regarding the clinical effects of statins in
patients with CLL. First, laboratory studies have suggested that B lymphocytes obtained
from patients on statin therapy have conformational changes in CD20 which reduces
rituximab binding and could thus reduce rituximab efficacy23. Since the addition of
rituximab to purine nucleoside analogue based chemotherapy has been shown to prolong
both treatment-free and overall survival for CLL in randomized phase 3 trials24-26, such an
interaction could have important clinical consequences. Indeed some physicians have
advocated discontinuation of statin during treatment with rituximab containing
regimens27,28. Although a recent observational study of patients with follicular lymphoma
(n=293) and diffuse large B-cell lymphoma (n=228) found no impact of statin use on
response to rituximab containing chemotherapy regimens29, a small effect of statins on
rituximab binding may have greater consequences in CLL since CLL B-cells usually have
only dim CD20 expression. The same study made the unexpected finding that statin use was
associated with improved event free survival among patients with follicular lymphoma
including those asymptomatic patients initially managed with observation29. Notably, these
apparent benefits of statin use persisted after adjusting for the follicular lymphoma
international prognostic index (FLIPI) score and type of therapy, raising the question of
whether the observed in vitro effects of statins on NHL and CLL cells had clinical
relevance29. The conflicting in vivo and in vitro data for statins and NSAIDs in B-cell
malignancies the common use of these drugs prompted us to evaluate whether statin or
NSAID use affected clinical outcome in patients with newly diagnosed, early stage (Rai 0)
CLL. This analysis was conducted an observational cohort study using the Mayo Clinic CLL
Database which contains a large set of clinical information on an early stage CLL cohort.

METHODS
Patients

The Mayo Clinic CLL Database includes all patients with a diagnosis of CLL seen in the
Division of Hematology at Mayo Clinic Rochester (MCR) who permit their records to be
used for research purposes30-35. Clinical information regarding date of diagnosis, physical
examination, clinical stage (Rai), prognostic parameters, treatment history, and disease-
related complications are abstracted from clinical records on all patients at the time of
inclusion and maintained on an ongoing, prospective basis. Results of prognostic testing

Shanafelt et al. Page 2

Leuk Lymphoma. Author manuscript; available in PMC 2014 February 04.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



performed as part of clinical or research studies are also included in the database. This
includes immunoglobulin variable heavy chain region (IGHV) gene mutation analysis,
ZAP-70 status, CD38 status, and cytogenetics abnormalities by interphase fluorescence in
situ hybridization (FISH) testing using methods previously described by our group.36-38

With the approval of the Mayo Clinic Institutional Review Board and in accord with federal
regulations and the Declaration of Helsinki, we used this database to identify all Rai stage 0
patients diagnosed with CLL between 1/1/1995 and 12/31/2008 who were seen in the Mayo
Clinic Division of Hematology within 3 months of diagnosis. Use of statins and/or
scheduled daily aspirin, ibuprofen, and naproxen (the most widely used NSAIDs1) at the
time of diagnosis was abstracted from medical records. Among patients taking statins or
daily NSAID, the specific statin (e.g. simvastatin, atorvastatin, lovastatin, pravastatin,
fluvastatin, rosuvastatin) or NSAIDs (e.g. aspirin, ibuprofen, naproxen) used was recorded.
Statin and NSAID use at the time of first treatment was also abstracted for those patients
who went on to require salvage therapy.

Statistical methods
Overall survival (OS) was defined as the time between the date of diagnosis to the date of
death or last follow-up. Time to first treatment (TFT) was defined as the time between date
of diagnosis and the date of initiation of first treatment or date of last follow-up at which
patient was known to be untreated. The accepted indications to initiate treatment were based
on the NCI-WG 1996 criteria during the study interval3. Time to salvage therapy was
defined as the time between initiation of first line treatment and the date of initiation of
salvage treatment or date of last follow-up. Patients receiving early treatment as part of
experimental protocols prior to meeting NCI-WG 1996 criteria to initiate therapy were
censored as untreated on the date that experimental therapy was administered. OS and TFT
analyses were performed with results being displayed using Kaplan-Meier curves and p-
values calculated using a log-rank test. Chi-square and Fisher exact tests, where appropriate,
were used to assess the association of statin use with other clinical and laboratory
characteristics. Since not all patients had all prognostic tests performed, the association of
prognostic test results with statin and NSAID use was evaluated for each assay individually
among those with test results available. All statistical tests were two-sided and considered
significant at the alpha=0.05 level; all analyses were performed in SAS version 9.1 (SAS
Institute, http://www.sas.com).

RESULTS
We identified 686 consecutive, newly diagnosed, Rai stage 0 patients with CLL seen at
Mayo Clinic within three months of diagnosis since January 1995. Patient characteristics are
outlined in Table 1. At the time of diagnosis, 136 (20%) patients were taking statin therapy.
Patients who were on statin therapy at diagnosis were older (median age 69 versus 66; P =
0.01) and more likely to be male (68% vs. 59%; p=0.05) but less likely to be ZAP-70
positive (14% vs. 27%; p=0.02) or IGHV unmutated (15% vs. 33%; p=0.004). After a
median follow-up of 4.9 years, 125 (18%) patients progressed to require treatment and 173
(25%) died. TFT and OS did not differ based on whether or not patients were on a statin at
diagnosis. No difference in TFT was observed by type of statin used. TFT and OS based on
statin use are shown in Figure 1A and B. Statin use also remained unrelated to TFT when
women and men were analyzed separately (p>0.05).

With respect to NSAID use, 230 (34%) patients were taking daily aspirin, ibuprofen, or
naproxen therapy at the time of diagnosis (Table 1). Patients taking daily NSAIDs were
older (median age 69 vs. 65; P < 0.0001) and more likely to be male (68% vs. 57%;
p=0.005). No differences in novel prognostic parameters were observed by daily NSAID
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use. While TFT did not differ based on whether or not patients were on daily NSAIDs at
diagnosis, NSAIDs use was associated with shorter overall survival (median 10.6 years vs.
11.9 years; p=0.02). No difference in TFT was observed by type of NSAID used. TFT and
OS based on daily NSAID use are shown in Figure 2A and B.

Given concern that statin use may alter the efficacy of rituximab-based therapy, we next
explored the relationship between statin use at the time of treatment initiation and time to
salvage therapy among patients receiving rituximab-containing chemoimmunotherapy
regimen. First-line therapy selection among Rai stage 0 patients who progressed to require
treatment did not differ based on statin use. Among patients who received a rituximab
containing first-line therapy, there was no difference in time to salvage therapy based on
whether or not patients received statin treatment at the time of treatment initiation (Figure
3). First-line therapy selection among Rai stage 0 patients who progressed to require
treatment also did not differ based on NSAID use. Daily NSAID use at the time of treatment
initiation had no relationship to time to salvage therapy among all treated patients or patients
who received a rituximab containing first-line therapy.

DISCUSSION
This study provides important observations regarding statin and NSAID use in patients with
CLL. First, although previous studies suggested statin use may delay disease progression
among patients with follicular lymphoma29, we find no such relationship in CLL. Whether
this discrepancy is due to a different biologic effect of statins in follicular lymphoma or
unidentified confounding factors in the prior study of follicular lymphoma patients is
unknown. Unlike a recently reported abstract, we do not find a differential effect of statins in
CLL patients by gender in our series39. Second, in vitro studies suggest statins may inhibit
rituximab binding to CD20 and reduce rituximab efficacy23. Although recently published
study found no clinical evidence that statin use reduces the efficacy of rituximab based
therapy in follicular or diffuse large cell lymphoma (both of which have bright CD20
expression)29, the very low level of CD20 expression on CLL B cells raised concern that a
subtle effect of statins on rituximab binding may be more clinically relevant in CLL. We
find no evidence to support this supposition, an important negative result since ~20% of
CLL patients use statin therapy.

NSAIDs have also undergone in vitro testing as a potential therapy for CLL and in vitro data
suggests some NSAIDs may actually enhance the effects of PNA and rituximab based
treatments21,22. In this observational study, we found no delay in TFT or time to salvage
therapy among patients with CLL receiving daily aspirin, ibuprofen, or naproxen. The
shorter OS observed among patients on daily NSAIDs could be caused by the more
advanced age of patients on NSAID therapy and the underlying health problems for which
NSAIDs were used. Daily NSAID use also did not appear to affect the efficacy of CLL
therapy. There was no relationship between NSAID use and time to salvage therapy among
either all treated patients or patients receiving a rituximab containing first-line therapy.

Our study is subject to a number of limitations. First, the observational study design cannot
exclude the possibility that unmeasured confounding factors influence the results. Second,
treatment and follow-up were based on routine clinical practice as opposed to standardized
observation as would occur in a clinical trial. In this regard, it is particularly worth noting
that the lack of association between daily aspirin, ibuprofen, and/or naproxen use and TFT
in our observational study does not mean that other NSAID derivatives currently in clinical
testing for patients with CLL will not be useful agents40,41. It is also possible there may be a
relationship between NSAID dose and clinical effects in CLL patients which is an aspect not
evaluated in our study. Third, statin and NSAID use were abstracted from medical records at
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the time of diagnosis. While this data would be expected to have reasonable validity, all use
of these medications may not have been captured and we do not know how compliant
patients were with prescribed medications. In this regard, only scheduled daily aspirin,
ibuprofen, and naproxen use listed in the medical record was considered in our analysis
where intermittent, over the counter NSAIDs are a frequently used pain reliever. Intermittent
NSAIDs were undoubtedly used by some patients in the “no NSAID” group and may have
masked a beneficial effect of NSAIDs. Fourth, since only 18% of patients progressed to
require therapy and 25% died, it is possible difference may become apparent with longer
follow-up. Finally, this study was not population based although the distribution of clinical
variables, prognostic parameters, and treatments suggest the results may be applicable to
CLL patients in general.

In summary, statins and conventional NSAID use among patients with newly diagnosed, Rai
stage 0 CLL do not appear to affect disease progression. It also does not appear that either of
these commonly used medications influences the efficacy of current therapies including
rituximab-containing chemotherapy regimens for CLL patients.
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Figure 1.
Time to First Treatment and Survival Among Rai Stage 0 CLL Patients Based on Statin Use
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Figure 2.
Time to First Treatment and Survival Among Rai Stage 0 CLL Patients Based on NSAID
Use
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Figure 3.
Time to Salvage Therapy Among Patients Receiving Rituximab Containing First-line
Therapy Based on Statin Use At Time of First Treatment (p=0.60)
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Table 1

Participant Characteristics

Statin Use at Diagnosis Daily NSAID Use at Diagnosis

Yes
(n=136)

No
(N=550)

P value Yes
(n=230)

No
(N=456)

P value

Age at diagnosis (median, years) 69 66 0.01 69 65 <0.0001

Male 92 (68%) 322 (59%) 0.05 156 (68%) 258 (57%) 0.005

CD38 0.32 0.46

Positive 29 (24%) 82 (20%) 42 (22%) 69 (20%)

Negative 93 (76%) 335 (80%) 146 (78%) 282 (80%)

Missing 14 133 42 105

ZAP-70 0.02 0.94

Positive 11 (14%) 73 (27%) 30 (24%) 54 (25%)

Negative 66 (86%) 194 (73%) 94 (76%) 166 (75%)

Missing 59 283 106 236

IGHV 0.004 0.61

Unmutated 10 (15%) 80 (33%) 28 (27%) 62 (30%)

Mutated 57 (85%) 163 (67%) 75 (73%) 145 (70%)

Missing 69 307 127 249

FISH 0.20 0.64

13q- 27 (39%) 96 (49%) 39 (42%) 84 (49%)

Normal 22 (32%) 60 (30%) 31 (33%) 51 (30%)

Trisomy 12 15 (22%) 22 (11%) 15 (16%) 22 (13%)

11q- 1 (1%) 10 (5%) 3 (3%) 8 (5%)

17p- 3 (4%) 6 (3%) 5 (5%) 4 (2%)

Other 1 (1%) 3 (2%) 1 (1%) 3 (2%)

Missing 67 353 136 284

Time to First Treatment (median, years) 7.9 11.8 0.52 Not
reached

11.8 0.88

Type of First Treatment

Purine analogue monotherapy 1 (4%) 6 (6%) 0.43 1 (3%) 6 (8%) 0.81

Rituximab containing purine analogue combination 11 (44%) 29 (31%) 15 (38%) 25 (32%)

Alkylating agent monotherapy (+/- steroid) 4 (16%) 31 (33%) 12 (31%) 23 (29%)

Rituximab containing alkylating agent combination 3 (12%) 5 (5%) 3 (8%) 5 (6%)

Antibody therapy with chemo 5 (20%) 16 (17%) 7 (18%) 14 (18%)

Other 1 (4%) 6 (6%) 1 (3%) 6 (8%)

Survival (median, years) 10.1 11.4 0.10 10.6 11.9 0.02

Leuk Lymphoma. Author manuscript; available in PMC 2014 February 04.


