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Abstract

A negative association of statin use with liver cancer risk has been reported frequently. We added laboratory measurements, to
our knowledge not included in previous investigations, to a case-control analysis of 2877 case patients and 142 850 matched
control subjects enrolled in Kaiser Permanente Northern California. Addressing confounding by indication by restricting
subjects to those with elevated cholesterol greatly attenuated the negative association; eg, the multivariable-adjusted odds ratio
(OR) rose from 0.41 (95% confidence interval [CI] ¼ 0.35 to 0.49) to 0.87 (95% CI¼0.55 to 1.39) for receipt of 18 or more
prescriptions. Confounding by contraindication was addressed by controlling for degree of abnormality of liver function tests,
alanine or aspartate transaminase, measured within one year of the elevated cholesterol and strongly related to risk. The
negative association of statins disappeared for all numbers of prescriptions received, with an odds ratio of 1.21 (95% CI¼0.53 to
2.75) for 18 or more prescriptions. Findings cast doubt on the causality of the frequently observed preventive association.

Several observational studies have found markedly reduced risk
of liver cancer associated with use of statins (1–3) and have cited
statins’ anticarcinogenic properties, including inhibited angio-
genesis and metastasis and enhanced apoptosis (3). Avoidance
of statins in patients with liver disease can lead to confounding
by contraindication because statins may cause liver damage
(1–3), and liver disease, particularly cirrhosis and chronic viral
hepatitis, is a strong risk factor for liver cancer (4). Confounding
by indication is also possible because chronic liver disease can
lower cholesterol levels (5,6), reducing the apparent need for,
and prescribing of, lipid-lowering drugs such as statins. After
stratifying analyses by presence or absence of diagnosed liver
disease, the inverse association has persisted within these sub-
groups (3). However, liver disease is heterogeneous and often
undiagnosed; thus, residual confounding is likely. In this study,
we assessed these possible sources of confounding with labora-
tory measurements of lipids and liver function used to guide
prescribing of statins. To our knowledge, these have not been
available in previous studies.

Kaiser Permanente Northern California (KPNC) is an inte-
grated health care system serving over 3.7 million subscribers.

Electronic health records, including laboratory data collected
since 1996, have been stored in a research database. It includes
data on all prescriptions dispensed from KPNC pharmacies and
a cancer registry that reports to the California Cancer Registry
and the Surveillance, Epidemiology, and End Results (SEER) pro-
gram (7), with complete coverage since 1988.

Our study cohort included subscribers to KPNC at any
time between January 1, 1996, and June 30, 2014, with pharmacy
benefits. We excluded HIV-positive individuals and those
with prior registry-recorded cancer. We identified 2877 individ-
uals with primary liver cancer (case patients). Histologic diagno-
ses were: hepatocellular (81.9%), cholangiocarcinoma (9.9%),
and 13 other types (<2% each). For each case, we used risk set
sampling to select up to 50 control subjects (n ¼ 142 850),
matched for birth year, sex, and year of joining KPNC. The index
date was: for case patients, the date of diagnosis; for control
subjects, the date that provided equal follow-back time to their
matched case patients. Statin use was ascertained from cohort
entry to one year before index date, as done previously (3).
Institutional review board approval was obtained for the study.
Written informed consent was waived.
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Of statin prescriptions filled by case patients and control
subjects, 65.4% and 60.8% were lovastatin, 29.7% and 33.0% sim-
vastatin, and 3.0% and 4.9% atorvastatin, respectively.
Prescription durations were similar in case patients and control
subjects (100-day supply ¼ 67.0% of case patients and 66.8% of
control subjects, 90-day supply ¼ 13.9% of case patients and
11.7% of control subjects; 60-day supply ¼ 6.9% of case patients
and 6.9% of control subjects; 30-day supply ¼ 5.4% of case
patients and 5.8% of control subjects; 50-day supply ¼ 3.3% of
case patients and 4.7% of control subjects; 120-day supply ¼
1.8% of case patients and 1.9% of control subjects; all other sup-
plies ¼ 1.8% of case patients and 2.1% of control subjects).

We performed five analyses (Table 1), using conditional lo-
gistic regression to calculate odds ratios (ORs) and 95% confi-
dence intervals (CIs) for number of prescriptions, representing
approximate durations of use adjusted for race/ethnicity. Statin
use categories were based on approximate durations in years if
all prescriptions were for 100 days (1-2 prescriptions ¼ less than
1 year; 3-7 prescriptions ¼ 1-2 years; 8-17 prescriptions ¼ 2-5
years; 18 or more prescriptions ¼ 5 or more years; excluding pre-
scriptions within the year prior to the index date). Possible

additional confounders ascertained during the same interval as
statin use were entered into multivariable analyses in this
sequence: hepatitis C, hepatitis B, chronic liver disease, alcohol-
related disorders, diabetes, antidiabetic drugs, use of acetamin-
ophen (synonymous with paracetamol previously studied [3],
almost all prescriptions combined with opiate), body mass in-
dex, and cigarette smoking. Each variable changed an odds ratio
by at least 10% in at least one analysis and was thus retained,
except for acetaminophen use and alcohol-related disorders.
Multivariable adjustment had little effect on our findings de-
scribed below (Table 1).

We first included all case patients and control subjects (Table
1, Analysis A). We found a statistically significant approximate
halving of risk associated with 18þ prescriptions (multivariable-
adjusted OR¼ 0.41, 95% CI ¼ 0.35 to 0.49), similar to what others
have found (1–3). The risk ratio calculated in a meta-analysis of
11 observational studies including various levels of statin expo-
sure was 0.57 (95% CI ¼ 0.50 to 0.64) (2).

Next, we restricted analyses to subjects with elevated cho-
lesterol (total � 240 mg/dL and/or LDL � 160 mg/dL) preceded by
at least one year of membership and no evidence of prior statin

Table 1. ORs for risk of liver cancer associated with statin use

Analysis
Statin use

(No. of dispensings)*
No. of

case patients
No. of

control subjects
Minimally adjusted†

OR (95% CI)
Fully adjusted‡

OR (95% CI)

A: All case patients and
control subjects with no
prior cancer§

No use 2176 97 897 1.00 (Referent) 1.00 (Referent)
1-2 110 6308 0.69 (0.56 to 0.83) 0.56 (0.45 to 0.69)
3-7 152 9030 0.66 (0.56 to 0.78) 0.53 (0.44 to 0.65)
8-17 203 12 403 0.64 (0.55 to 0.74) 0.48 (0.40 to 0.57)
18þ 236 17 212 0.52 (0.45 to 0.60) 0.41 (0.35 to 0.49)

B: Restricted to first ele-
vated cholesterol, no pre-
vious statin usek

No use 183 638 1.00 (Referent) 1.00 (Referent)
1-2 22 106 0.74 (0.44 to 1.24) 0.62 (0.32 to 1.21)
3-7 45 154 0.91 (0.60 to 1.37) 0.98 (0.58 to 1.67)
8-17 53 249 0.77 (0.53 to 1.14) 0.71 (0.43 to 1.16)
18þ 91 376 1.05 (0.74 to 1.51) 0.87 (0.55 to 1.39)

C: Further adjusted for ele-
vated cholesterol
quintiles¶

No use 183 638 1.00 (Referent) 1.00 (Referent)
1-2 22 106 0.71 (0.42 to 1.20) 0.59 (0.30 to 1.15)
3-7 45 154 0.92 (0.61 to 1.38) 0.97 (0.57 to 1.64)
8-17 53 249 0.76 (0.52 to 1.13) 0.68 (0.41 to 1.12)
18þ 91 376 1.04 (0.72 to 1.50) 0.81 (0.50 to 1.31)

D: Further restricted to
those with ALT or AST
test within one year after
elevated cholesterol#

No use 67 143 1.00 (Referent) 1.00 (Referent)
1-2 6 31 0.39 (0.15 to 1.01) 0.65 (0.18 to 2.30)
3-7 26 45 1.14 (0.62 to 2.08) 1.66 (0.69 to 4.00)
8-17 34 74 0.86 (0.50 to 1.48) 1.04 (0.48 to 2.24)
18þ 56 126 1.00 (0.59 to 1.70) 1.00 (0.46 to 2.18)

E: Further adjusted for ALT/
AST categories

No use 67 143 1.00 (Referent) 1.00 (Referent)
1-2 6 31 0.48 (0.16 to 1.44) 0.85 (0.21 to 3.44)
3-7 26 45 1.44 (0.72 to 2.90) 1.92 (0.76 to 4.90)
8-17 34 74 1.08 (0.59 to 1.98) 1.40 (0.62 to 3.14)
18þ 56 126 1.20 (0.65 to 2.21) 1.21 (0.53 to 2.75)
ALT/AST
Normal 98 355 1.00 (Referent) 1.00 (Referent)
1-2x normal 58 50 5.21 (3.01 to 9.01) 3.46 (1.57 to 7.61)
2-3x normal 16 11 5.57 (2.16 to 14.36) 3.81 (0.87 to 16.77)
>3x normal 17 3 30.61 (6.29 to 148.83) 22.74 (2.02 to 256.07)

*Statin use categories were based on approximate durations in years if all prescriptions were for 100 days: 1-2: <1; 3-7: 1-2; 8-17: 2-5; 18þ: 5þ years; excluding prescrip-

tions within the year prior to the index date. ALT ¼ alanine transaminase; AST ¼ aspartate aminotransferase; CI ¼ confidence interval; OR ¼ odds ratio.

†Conditional on matching factors (sex, birth year, year of joining program, and follow-up time) and adjusted for race/ethnicity.

‡Additionally adjusted for: hepatitis C, hepatitis B, chronic liver disease, diabetes, antidiabetic drugs, body mass index closest in time to index date in four categories,

below normal: <18.5; normal: 18.5-24.9; overweight: 25.0-29.9; obese: �30.0; and cigarette smoking, current, former, never, based on algorithm accounting for changes

and inconsistencies, available from authors.

§2877 case patients and 142 850 control subjects.

kSame cholesterol test year for case patients and control subjects.

¶Quintiles based on the distribution of control subjects.

#Alanine aminotransferast or aspartate aminotransferase at least two years before index date.
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use. Although criteria for elevation have changed, these were
probably applicable during much of the period studied (8). We
found 394 case patients and 1523 matched control subjects with
elevated cholesterol in the same year, losing only two case-con-
trol sets for lack of such matched control subjects. Restricting to
subjects with elevated cholesterol (Table 1, Analysis B) in the
same year greatly attenuated the negative association; eg, mul-
tivariable-adjusted OR for 18 or more prescriptions rose from
0.41 (95% CI ¼ 0.35 to 0.49) to 0.87 (95% CI ¼ 0.55 to 1.39).
Adjusting for quintile of elevated total cholesterol (based on the
control subjects’ distribution) had virtually no effect (Table 1,
Analysis C) but was retained in further analyses.

Subjects were restricted further to those with an alanine
transaminase (ALT) or aspartate transaminase (AST) test of liver
function within one year after their elevated cholesterol and be-
fore receiving statins. Clinical guidelines suggest caution in pre-
scribing statins if either of these is above three times the upper
limit of normal (9). Here, this level is: ALT 109 U/L and AST
120 U/L. Among these 189 case patients and 419 control sub-
jects, multivariable-adjusted odds ratios were higher for all
numbers of prescriptions (Table 1, Analysis D), and the apparent
risk reduction disappeared for all numbers of prescriptions, ex-
cept the fewest. For 18 or more prescriptions, the odds ratio was
1.21 (95% CI ¼ 0.53 to 2.75). If the wide confidence interval does
not rule out its negativity, the finding for one to two prescrip-
tions is more consistent with confounding than with a causal
preventive association, where a dose-response relationship
would be expected. Odds ratios were higher again after further
adjusting for ALT/AST, categorized as normal (referent), 1 to 2�,
2 to 3�, and more than 3� the upper limit of normal, itself
strongly associated with risk (Table 1, Analysis E).

We determined whether the association between statins
and liver cancer varied by patient subgroup (3). The odds ratios
in Analysis E for 18 or more prescriptions were 3.15 (95%
CI¼ 0.31 to 32.22) for patients with diabetes and 0.65 (95%
CI¼ 0.23 to 1.85) for patients without diabetes. To test whether
this subgroup difference was statistically significant (two-sided
P < .05), we added interaction terms to the logistic regression
model, and the fitted model yielded a P value of .02 (Wald test)
for the association of liver cancer with diabetes-by-18 or more
prescriptions. Chronic liver disease was too rare in control sub-
jects for subgroup analysis (Table 1).

For overall Analysis E above (Table 1), we required a mini-
mum of two years between ALT/AST test and index date to ad-
dress potential bias from liver cancer increasing liver enzyme
levels (protopathic bias). We conducted three sensitivity analy-
ses of Analysis E: inserting a two-year lag between statin dis-
pensing and index date, increasing the ALT/AST-to-index date
interval to four years, and restricting case patients to those with
hepatocellular carcinoma. These had no material effect on our
results or conclusions (data not shown).

The attenuation of risk reduction by restricting subjects to
those with elevated cholesterol supports confounding by indi-
cation, ie, reduced cholesterol levels leading to less prescribing
of statins in the presence of chronic liver disease, a major risk
factor for liver cancer. Notably, among six metabolic risk factors,
only serum cholesterol level was inversely related to risk of pri-
mary liver cancer in a large European prospective study (10).

Further attenuation and disappearance of apparent risk re-
duction by adjusting for liver function tests supports confound-
ing by contraindication, ie, avoidance of prescribing statins for
patients with liver disease. Restriction of subjects to those with
elevated cholesterol and attention to liver function tests par-
tially duplicates the criteria for entering patients into

randomized trials of statins, as advocated by Schneeweiss et al.
for improving pharmacoepidemiologic studies (11).

Our design is consistent with clinical practice regarding
statins. However, findings could have resulted from chance sam-
pling variation because of relatively small numbers of subjects.
Small numbers also limited the possibility of studying different
etiological profiles individually. A stronger negative association
for diabetics found elsewhere (3) differed from our stronger posi-
tive association, but our lower 95% confidence limit was well be-
low 1.0. The role, if any, of diabetes in the statin/liver cancer
relationship is unclear. Investigating it is complicated because
diabetes can both predispose to and result from liver cirrhosis
(12) and can be an indication for statin use (13).

Given our findings of confounding by indication and contra-
indication and that prevention of liver cancer has not been ob-
served in randomized controlled trials of statins to date (1–3,14),
causality of the preventive association found in observational
studies remains uncertain.

Funding

This work was supported by Kaiser Foundation Hospitals
Institutional and Planned Giving and grant # R01 CA 098838
from the National Cancer Institute.

Notes

The funder had no role in the design of the study; the collection,
analysis, or interpretation of the data; the writing of the manu-
script; or the decision to submit the manuscript for publication.

References
1. Singh S, Singh PP, Goyal A, Murad MH, Sanchez W. Statins are associated

with a reduced risk of hepatocellular cancer: a systematic review and meta-
analysis. Gastroenterology. 2013;144(2):323–332.

2. Shi M, Huiling Z, Biao N, Gong W, Cui X. Statin use and risk of liver cancer: an
update meta-analysis. BMJ Open. 2014;4(9):e005399.

3. McGlynn KA, Hagberg K, Chen J, et al. Statin use and risk of primary liver can-
cer in the Clinical Practice Research Datalink. J Natl Cancer Inst.
2015;107(4):djv009.

4. London WT, McGlynn KA. Liver cancer. In: Schottenfeld D, Fraumeni JF Jr, eds.
Cancer epidemiology and prevention, 3rd ed. Oxford University Press, 2006;
763–786.

5. Cicognani C, Malavolti M, Morselli-Labate AM, Zamboni L, Sama C, Barbara L.
Serum lipid and lipoprotein patterns in patients with liver cirrhosis and
chronic active hepatitis. Arch Intern Med. 1997;15:792–796.

6. Ghadir MR, Riahin AA, Havazpour A, Nooranipour M, Habibinejad AA. The re-
lationship between lipid profile and severity of liver damage in cirrhotic pa-
tients. Hepat Mon. 2011;10(4):285–288.

7. National Cancer Institute. SEER program coding and staging manual.
Bethesda, MD: National Cancer Institute; 2007.

8. Third Report of the National Cholesterol Education Program (NCEP) Expert
Panel on: Detection, evaluation, and treatment of high blood cholesterol in
adults (Adult Treatment Panel III). National Cholesterol Education Program,
National Heart, Lung, and Blood Institute, National Institutes of Health. NIH
Publication No. 01-3670m Nat. 2001; 3.

9. McKenney JM, Davidson MH, Jacobson TA, Guyton JR. Final conclusion and
recommendations of the National Lipid Association Statin Safety
Assessment Task Force. Am J Cardiol. 2006;97(8A):89C–94C.

10. Borena W, Strohmeier S, Lukanova A, et al. Metabolic risk factors and primary
liver cancer in a prospective study of 578,700 adults. Int J Cancer. 2012;131:193–200.

11. Schneeweiss S, Patrick AR, Stürmer T, et al. Increasing levels of restriction in
pharmacoepidemiologic database studies of elderly and comparison with
randomized trial results. Med Care. 2007;(Suppl. 2);S131–S141.

12. Garcia-Compean D, Jaquez-Quintana JO, Gonzalez-Gonzalez JA, Maldonado-
Garza H. Liver cirrhosis and diabetes: risk factors, pathophysiology, clinical
implications and management. World J Gastroenterol. 2009;15:280–288.

13. Eldor R, Raz I. American Diabetes Association Indications for Statins in
Diabetes: Is there evidence? Diabetes Care. 2009;(Suppl 2):S384–S391.

14. Cholesterol Treatment Trials Collaboration. Lack of effect of lowering LDL
cholesterol on cancer: meta-analysis of individual data from 175,000 people
in 27 randomised trials of statin therapy. PLoS One. 2012;7(1) e29849.

B
R

IEF
C

O
M

M
U

N
IC

A
T

IO
N

3 of 3 | JNCI J Natl Cancer Inst, 2016, Vol. 108, No. 10

D
ow

nloaded from
 https://academ

ic.oup.com
/jnci/article/108/10/djw

109/2412400 by guest on 24 April 2024

Deleted Text:  
Deleted Text:  
Deleted Text: ,
Deleted Text: 2
Deleted Text:  
Deleted Text: ,
Deleted Text: e.g.
Deleted Text: -0
Deleted Text: -1
Deleted Text:  
Deleted Text: 3
Deleted Text:  
Deleted Text:  
Deleted Text: OR
Deleted Text:  
Deleted Text: -2
Deleted Text:  
Deleted Text: 1-2
Deleted Text: &nbsp; 
Deleted Text: R
Deleted Text: -
Deleted Text: -
Deleted Text: >
Deleted Text:  
Deleted Text: OR
Deleted Text: (95&percnt; CI's) 
Deleted Text: -3
Deleted Text: -1
Deleted Text: p-value
Deleted Text: 0
Deleted Text: p&thinsp;&equals;&thinsp;0
Deleted Text:  
Deleted Text:  
Deleted Text: 2
Deleted Text: ,
Deleted Text:  
Deleted Text:  
Deleted Text: i.e.
Deleted Text:  
Deleted Text: i.e.
Deleted Text:  
Deleted Text:  
Deleted Text: due to
Deleted Text:  
Deleted Text:  
Deleted Text:  
Deleted Text: since
Deleted Text: ,
Deleted Text: G
Deleted Text: and
Deleted Text: and

	djw109-TF1
	djw109-TF2
	djw109-TF3
	djw109-TF4
	djw109-TF5
	djw109-TF6
	djw109-TF7

