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ABSTRACT

Context: The antipsychotic drug haloperidol has antiproliferative and growth-inhibiting
properties on prostate cancer cell lines in vitro by binding the sigma 1 protein. Evidence is
needed regarding a possible preventive association in men.

Objective: To examine whether our epidemiologic data support an inverse association
of haloperidol use with risk of prostate cancer.

Design: These case-control analyses used conditional logistic regression to estimate
relative risk by odds ratios (ORs) adjusting for race/ethnicity and aspects of medical care
related to detection of prostate cancer. We tested 3 other commonly used antipsychotic
drugs, risperidone, quetiapine, and olanzapine, for sigma 1 protein binding and inhibition
of clonogenic growth of prostate cancer cells. Use of any of these by men was considered
use of a comparator drug.

Main Outcome Measures: 1) association of haloperidol with prostate cancer; 2) sigma
1 binding and clonogenic growth.

Results: Probably owing to small numbers of haloperidol recipients, evidence of a
preventive association was inconsistent, depending on the definition of long-term
use. If duration of use was greater than 1 year, the odds ratio (OR) was 0.38 (95% con-
fidence interval (Cl) = 0.14-1.01) for haloperidol and 0.80 (95% Cl = 0.66-0.98) for the
comparator drug; if the duration of use was greater than 2 years, the OR was 0.66 (95%
Cl = 0.24-1.76) for haloperidol and 0.84 (95% Cl = 0.66-1.08) for the comparator drug.
Unlike haloperidol, risperidone, quetiapine, and olanzapine did not bind sigma 1 or
inhibit clonogenic growth.

Conclusion: Given the laboratory evidence, our ambiguous epidemiologic findings
should encourage more epidemiologic evaluation of haloperidol use and risk of prostate
cancer. Finding a negative association could be a scientific advance in prostate cancer
prevention but would not be sufficient basis for recommending the prescription of halo-

peridol for that purpose.

LABORATORY EVIDENCE SUGGESTS THE
HYPOTHESIS THAT THE ANTIPSYCHOTIC
DRUG HALOPERIDOL MAY BE
ASSOCIATED WITH REDUCED RISK OF
DEVELOPING PROSTATE CANCER
Cancer prevention is a prominent com-
ponent of the recent interest in repurpos-
ing drugs for beneficial effects other than
their initial indications.! Part of this effort
has been focused on molecular mecha-
nisms that may work in opposite directions
in the development of mental illness and
cancer.>® Genes and genetic pathways
have been studied in this regard.?> Also of
interest are polypharmacologic drugs and
drugs with multifunctional targets. Among
the latter, the putative sigma receptors
are emerging as multifunctional drug
targets at the interface or intersection of
diverse physiologic and pathophysiologic

pathways.** The sigma proteins have been
divided into 2 categories, sigma 1 and
sigma 2, primarily on the basis of ligand-
binding studies.*® Whereas both pro-
teins have been implicated in neurologic
diseases and disorders as well as cancer,*’
sigma 1 was cloned more than 20 years ago
and thus is the more extensively studied
binding site.*> Most publications regard-
ing sigma 1 describe its neuropharmacol-
ogy>”%; however, a number of publications
have described a potential role for sigma 1
in cancer biology.*

The antipsychotic drug haloperidol,
whose pharmacologic mechanism of ac-
tion is defined by its dopamine D, receptor
antagonism, also binds sigma 1 and, with
essentially equal affinity, K; of approxi-
mately 2 nM for both.** Haloperidol and
its metabolites have been categorized as

sigma 1 antagonists and inhibitors and
have been reported to have antiprolifera-
tive and growth-inhibiting properties on
cancer cell lines in vitro.#112 We demon-
strated a role for sigma 1 in prostate can-
cer and antitumor efficacy of compounds
derived from haloperidol in vivo and in
vitro.101113.14 Therefore, we investigated
whether haloperidol use may be inversely
associated with risk of prostate cancer
in men.

WE SOUGHT EVIDENCE FOR OR
AGAINST A NEGATIVE ASSOCIATION
OF HALOPERIDOL USE AND RISK OF
DEVELOPING PROSTATE IN MEN.

In an initial analysis in our population-
based screening of pharmaceutical drugs
for associations with risk of cancer,'> men
who had ever received haloperidol were at
approximately half (odds ratio [OR],0.55;
95% confidence interval = 0.41-0.72) the
risk of developing prostate cancer com-
pared with men who had never received
it. This finding led us to conduct a more
detailed epidemiologic study focused
on evidence that would support or cast
doubt on a negative association that might
suggest a causal relationship. The main
possible source of doubt would relate to
ascertainment bias, the likelihood that
the detection and diagnosis of prostate
cancer would be reduced in patients with
psychosis.’e We also assessed sigma 1 bind-
ing of haloperidol and 3 other frequently
used antipsychotic drugs that served as
comparators in our epidemiologic analysis.

Author Affiliations

" Division of Research, Kaiser Permanente Northern California, Oakland
2 Department of Health Research and Policy, Stanford University School

of Medicine, CA
3 Sidney Kimmel Cancer Center at Thomas Jefferson University,
Philadelphia, PA

Corresponding Author
Gary Friedman, MD (gary.friedman@kp.org)

Keywords: haloperidol, pharmacology, prevention, prostate cancer

The Permanente Journal - https://doi.org/10.7812/TPP/18.313

The Permanente Journal « For personal use only. No other uses without permission. Copyright © 2019 The Permanente Press. All rights reserved.



SPECIAL REPORT

OUR EPIDEMIOLOGIC METHOD

In this analysis, we assessed cancer risk
in users of pharmaceuticals by case-control
analysis of members of the Kaiser Perma-
nente Northern California (KPNC) whose
benefits include at least partial payments
for prescription drugs in KPNC phar-
macies. The period of study was January
1996 through December 2016. The cur-
rent analyses were based on 39,872 men
with prostate cancer (cases) recorded in
KPNC’s Cancer Registry and up to 50
men per case without prostate cancer (con-
trols), matched for age and calendar year
of joining the program. The index dates
were: For cases, the date of diagnosis, and
for controls, the date that would give them
equal follow-back time for ascertainment
of drug dispensing recorded in the KPNC
pharmacies. Initial conditional logistic
analyses (initial model) were adjusted for
race/ethnicity with HIV-positive men
previously removed from the database.
Subsequent analyses (full model) were
controlled for characteristics that could
affect the detection and diagnosis of
prostate cancer, including medical clinic
visits 1 to 2 years before the index date
(0, 1, 2, = 3), prostate-specific antigen
(PSA) tests within 3 years before the in-
dex date (0, > 1), and diagnosis of benign
prostatic hyperplasia before the index
date (yes vs no). Each of these was posi-
tively related to risk of prostate cancer.
However, although among controls PSA
testing was negatively related to halo-
peridol use as expected, the number of
medical clinic visits was positively related.
(These data and all others subsequently
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summarized but not shown are available
from the authors on request.)

We calculated duration of use by total-
ing the days’ supply of all prescriptions
and categorized duration as less than 1
year, 1 to less than 2 years, and 2 years
or more as likely sufficient exposure to
detect a preventive effect. The latter 2
categories were combined into 1 year or
more. Comparing ORs for longer with
shorter durations would also provide
some evidence of dose response. We also
looked at advanced prostate cancer (ie,
with regional or distant metastases), which
is unlikely to go undetected. A new-user
analysis was also performed that focused on
men who had been members for at least 1
year before their first recoded prescription
of haloperidol.

Haloperidol is 1 of 4 antipsychotic
drugs that were commonly dispensed from
KPNC pharmacies and showed up in our
screening of frequently used drugs by hav-
ing had at least 25,000 recipients in the
study cohort. The others are olanzapine,
quetiapine, and risperidone. We treated the
receipt of any of these as exposure to a com-
parator drug and included the comparator
drug in a unified case-control analysis that
would yield contrasts in risk of prostate
cancer between use of haloperidol only
and of comparator only. The 19 men who
received both haloperidol and comparator
were excluded from all analyses.

EPIDEMIOLOGIC RESULTS INDICATING
THAT OUR DATA WERE INADEQUATE

In the initial and full models, there
were moderate negative associations of

similar magnitude for both haloperidol
and comparator used for less than 1 year
(Table 1). These were virtually unchanged
for 1 or more years and 2 or more years
of comparator use. There were only 4 pa-
tients with prostate cancer who had taken
haloperidol for at least 1 year, and all 4
had taken it for at least 2 years, which
yielded ambiguous results because of the
differing numbers of controls available for
comparison (576 for > 1 years and 352
for > 2 years of use). With at least 1 year
of use, risk was approximately halved in
both the initial and full models compared
with less than 1 year of use with border-
line statistical significance compared with
nonuse in the full model. With at least
2 years of use, the difference decreased
markedly, returning to virtually no differ-
ence in the full model (Table 1).

Neither the analysis of cases with ad-
vanced disease nor the new-user analysis
was informative because of small num-
bers. Among users for at least 2 years,
only 1 of the 4 haloperidol users and 8
of the 65 comparator users had advanced
prostate cancer. There were 19 new users
of haloperidol who developed prostate
cancer, all of whom had received less than
a 1-year supply. The new-user findings
for the comparator were similar to those
for all users.

LABORATORY METHODS AND FINDINGS

In the laboratory, we asked whether
the differential association observed with
haloperidol in contrast to the compara-
tors in the epidemiologic study could be
explained by haloperidol’s binding affinity

Table 1. Risk of prostate cancer by cumulative days’ supply of haloperidol and comparator drug
(excludes users of both haloperidol and comparator drugs)
Haloperidol only Comparator only
Initial model Full model Initial model Full model
No. of No. of OR OR No. of No. of OR OR

Days’ supply cases controls 95% CI)* (95% Cl)e cases ontrols (95% Cl) (95% Cl)
No use 39,553 1,962,602 1 [Reference] 1 [Reference] 39,553 1,962,602 1 [Reference] 1 [Reference]
<1y 30 2008 0.69 (0.48-0.99) 0.73 (0.51-1.05) 166 8891 0.87 (0.75-1.02) | 0.83(0.71-0.97)
Atleast 1y 4 576 0.32 (0.12-0.84) 0.38 (0.14-1.01) 100 5847 0.80 (0.66-0.98) | 0.75(0.61-0.91)
At least 2 y¢ 4 352 0.54 (0.20-1.44) 0.66 (0.24-1.76) 65 3639 0.84 (0.66-1.08) | 0.80(0.62-1.02)

aAtleast 2 years is included in the at least 1-year group.

b Conditional on matching factors (birth year, year of joining program, and follow-up time) and controlled for race/ethnicity.
¢ Additionally controlled for number of medical clinic visits 1 to 2 years before the index date (1, 2, = 3 vs 0), number of prostate-specific antigen tests within 3 years before the index
date (= 1 vs 0), and diagnosis of benign prostatic hyperplasia before the index date (yes vs no).
d There were no cases for the haloperidol-only users with 1 to 2 years of days’ supply.

Cl = confidence interval; OR = odds ratio.
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Table 2. Sigma 1 binding affinity of
haloperidol, olanzapine, quetiapine, and
risperidone

Compound K., nMa
Haloperidol 24

Olanzapine > 1000
Quetiapine >1000
Risperidone >1000

a Sigma 1 selective radioligand ([*H](+)-pentazocine)
binding competition assays were performed as
described in the article by Thomas et al.”

K; = binding affinity.

for sigma 1. We performed sigma 1 selec-
tive radioligand ([*H](+)-pentazocine)
binding competition assays and confirmed
that although haloperidol binds sigma 1
as well as the dopamine D, receptor with
similarly high affinity, risperidone, quetiap-
ine, and olanzapine did not displace the
sigma 1 radioligand, indicating that these
compounds do not bind sigma 1 (Table 2).
'The [*H](+)-pentazocine binding assay was
performed as described elsewhere.

We subsequently tested the effect of
treatment with these drugs on in vitro
clonogenic growth and survival of LNCaP
cells, a widely studied prostate cancer cell
line that models hormone-sensitive dis-
ease. The clonogenic growth assay was per-
formed as described elsewhere.”> We found
that although haloperidol significantly
inhibited colony formation and growth,
risperidone, quetiapine, and olanzapine
had no significant effect on clonogenic
growth (Figure 1).

Haloperidol and Prostate Cancer Prevention: More Epidemiologic Research Needed

DISCUSSION

We have often found that epidemio-
logic evaluation does not support bio-
logically plausible hypotheses regarding
prevention of cancer by pharmaceuticals.
This finding can occur simply as a failure
to find the hypothesized negative associa-
tion, for example, between norepineph-
rine antagonists and several cancers.!”
Another reason for this finding is that
adequate control for confounding factors
that are related to use of a drug and risk
of a cancer can greatly reduce or eliminate
the hypothesized negative association, for
example, between statins and primary
liver cancer.'®

In the present study, all the antipsy-
chotics showed moderate reductions in
risk with no clear dose response in the
full model. The likelihood that patients
with psychosis receive less primary
medical care and screening for physical
disease has been extensively reported
and well summarized in the monograph
by Lawrence et al.’® We attempted to
reduce the resulting detection bias by
including medical clinic (primary care)
visits, receipt of PSA screening tests, and
the diagnosis of benign prostatic hyper-
plasia in the full model. That users of the
comparator had moderate negative asso-
ciations with risk, even at relatively short
durations, suggests that there was residual
uncontrolled confounding in our analyses
of haloperidol as well. Adding to the pos-

sibility of detection bias was our lack of

Haloperidol Olanzapine
= 1501 150+
S NS
S .
£2 1001 1001
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28
= 50+ 501
[}
o a
0- 0-
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Quetiapine Risperidone
150 150+
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1004 100+
504 50+
0- 0-
Vehicle Drug Vehicle Drug

Figure 1. Clonogenic growth of prostate adenocarcinoma cells in vitro. LNCaP prostate adenocarcinoma cells treated
with 10 uM of haloperidol, olanzapine, quetiapine, or risperidone and compared with vehicle (dimethyl sulfoxide [DMSQ])
control. Data are presented as the relative number of surviving cancer cell colonies after drug treatment compared with
vehicle (DMSO) treated controls. An unpaired, 2-tailed t-test was used to compare the relative colony counts between

vehicle and drug treated samples.
ap<.001.
NS = nonsignificant.

data about the severity of mental illness
being treated. Greater severity could have
led to less contact with medical care and
less prescribing of antipsychotic drugs.'

In the epidemiologic analysis, there
were too few patients with long-term
exposure to haloperidol to provide clear
evidence for or against the biologically
plausible hypothesis that use of haloperi-
dol is associated with a reduced risk of
developing prostate cancer in men. This
analysis was not sufficiently powered,
and the patients included do not repre-
sent a range of treatment times, doses,
and ages. Evaluation of larger groups of
patients who have taken haloperidol will
likely provide more definitive findings.
Of particular interest in this collaborative
exploration is the contrast in the labora-
tory studies between the sigma 1 binding
strength of haloperidol and its absence
with the comparator antipsychotic drugs,
chosen solely because of their frequent
use by patients. Of note, laboratory-
based studies do not evaluate prevention
of prostate cancer in men. These studies
simply demonstrate that among the 4
antipsychotic agents tested, only the drug
with affinity for sigma 1 and with sigma
1 inhibitor and antagonist activity have
anticancer properties.

We hope that this work will stimulate
further epidemiologic evaluation of halo-
peridol and risk of prostate cancer, espe-
cially in settings where large numbers of
men who take or have taken haloperidol
can be followed-up for long periods. Also
possible is that data from several smaller
data sets can be included in meta-anal-
yses, leading to more statistically stable
conclusions. It would also be helpful if
data were available on other risk factors
for prostate cancer.

CONCLUSION

Establishing a negative association of
haloperidol use with risk of developing
prostate cancer could be a small but valu-
able scientific step in learning about pos-
sible means of preventing prostate cancer.
However, it would not be a sufficient basis
for recommending the prescription of
haloperidol for this purpose. %
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