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1 | INTRODUCTION
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Abstract

Antiepileptic drugs (AEDs) with histone deacetylase (HDAC) inhibitor properties
decrease prostate cancer (PCa) cell proliferation in vitro. A population-based
cohort of 78 615 men was used to evaluate the risk of PCa among users of AEDs.
Study population was linked to the Finnish national prescription database to
obtain information on individual medication reimbursements in 1996 to 2015.
Cox regression with antiepileptic medication use as a time-dependent variable
was used to analyze PCa risk overall, and low, medium and high-risk PCa sepa-
rately. The analysis was adjusted for age, screening trial arm, and other drugs in
use, including statins, antidiabetic drugs, antihypertensive drugs, aspirin, and non-
steroidal anti-inflammatory drugs. Compared to the nonusers of AEDs, overall
PCa risk was decreased among AED users (hazard ratio [HR] = 0.86, 95% confi-
dence interval [CI] = 0.76-0.96). A similar PCa risk decrease was observed among
users of HDACi AEDs (HR = 0.87, 95% CIl = 0.76-1.01), but no risk difference was
found when comparing HDACi AED users to users of other AEDs (HR = 0.98,
95% Cl = 0.76-1.27). Our study showed a decrease in overall PCa risk among men
using AEDs compared to nonusers. The risk associations were similar for HDAC

inhibitors as for AEDs in general.

KEYWORDS
antiepileptic drugs, HDAC inhibition, prostate cancer

studies have demonstrated that valproic acid (VPA), an antiepileptic
drug (AED) with histone deacetylase inhibitor (HDACI) activity,

Prostate cancer (PCa) is the most common malignancy and the second

most common cause of cancer death among Western men.*® Recent

Abbreviations: AED, antiepileptic drug; BMI, body mass index; FinRSPC, Finnish Randomized
Study of Screening for Prostate Cancer; HDAC, histone deacetylase; HDACI, histone
deacetylase inhibitor; HR, hazard ratio; NSAIDs, nonsteroidal anti-inflammatory drugs; PCa,
prostate cancer; PSA, prostate-specific antigen; VPA, valproic acid.

decreases proliferation of PCa cells in vitro and reduces tumor volume
in vivo.*® Carbamazepine and topiramate are also known to have
HDACi properties.”””

VPA increases the expression of p21 and p27 in tumor cells
in vitro leading to inhibition of cell cycle and increase in differentia-

tion. VPA also has an antiangiogenic effect on PCa cells.1®
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Previous epidemiological studies on association of AEDs on PCa
risk have given conflicting results. In a small UK cohort study, VPA
users showed a nonsignificant trend of increased PCa risk.** Another
study found that VPA, carbamazepine, oxcarbazepine, lamotrigine,
and levetiracetam may decrease serum levels of prostate-specific anti-
gen (PSA).12 Two studies have reported no association between PCa
risk and VPA usage.?®!* In our previous case-control study, we found
a decreased risk of PCa associated with usage of VPA, carbamazepine,
and phenobarbital.’> We did not analyze HDACi AEDs as a group or
compared to users of other types of AEDs.

People with epilepsy are known to have increased risk of cancer
and increased cancer mortality overall.?®?” The mechanism behind
the association is unclear, but is believed to be due to conditions asso-
ciated with epilepsy. There are, however, no data available of PCa risk
in people with epilepsy that we know of.

We examined the association between AEDs and PCa risk among
men in the Finnish Randomized Study of Prostate Cancer Screening
(FinRSPC) during 1996 to 2015. To our knowledge, this is the first
study to evaluate PCa risk comprehensively among AED users.

2 | MATERIALS AND METHODS

21 | The study cohort

The Finnish Randomized Study of Prostate Cancer Screening includes
80 458 men residing in the metropolitan areas of Helsinki and Tam-
pere. In 1996 to 1999, all men aged 55, 59, 63 and 67 in the target
population were identified annually from the Population Register in
Finland. After exclusion of prevalent PCa cases, they were randomly
assigned 1:1.5 into two groups: the screening arm (32 000 men) and
the control arm (48 458 men). Family history of PCa was obtained at
baseline participating in the screening arm. Men in the screening arm
were invited to screening with PSA test every 4 years until the age of
71 years, excluding men who were diagnosed with PCa, had moved
abroad or died. They were considered screening positive if the PSA
was above 4 ng/mL, or if they had PSA at 3.0 to 3.9 ng/mL and per-
centage of free PSA less or equal to 15%. No intervention was offered
to the men in the control arm.

Incident cases in the control arm and in the screening arm were
identified from the Finnish Cancer Registry, which covers practically
all cancer cases in Finland.*® The clinical information on Gleason grade
(available for 97.3% of cases), stage (97.7%) and serum PSA values
were acquired from the medical records.

Information on body mass index (BMI) was available for 11 698
participants of the third screening round (14.5% of all men), who
responded to a questionnaire mailed along with the third-round
screening invitations (93% response among participants). Information
on marital status (available for 59 887 men [74.4%]) were obtained
from the Population Register Center and occupational status
(employed, unemployed or retired) (available for 64 109 men [79.7%)])
were obtained from Statistics Finland (authorization number TK-
53-1330-18).

What's new?

Valproic acid, an antiepileptic drug with histone deacetylase
inhibitor activity, has been shown to decrease proliferation
of prostate cancer cells in vitro and reduce tumor volume
in vivo. Epidemiological studies on the association of anti-
epileptic drugs and prostate cancer risk have yielded con-
flicting results. This is the first epidemiological study to
comprehensively evaluate prostate cancer risk and use of
antiepileptic drugs with histone deacetylase inhibitory prop-
erties at population level. The results showed a decrease in
overall prostate cancer risk among men using antiepileptic
drugs compared to non-users. The risk associations were
similar for histone deacetylase inhibitors and antiepileptics in

general.

2.2 | Information on medication use

The trial database was linked to the national prescription database of
the Social Insurance Institution (Sll) of Finland to obtain individual
level information on reimbursements for physician-prescribed anti-
epileptic medication purchases during 1995 to 2015. The unique per-
sonal identification numbers were used as the key in the deterministic
linkage. Information on medication usage was obtained for 78 615
men in the study (97.7%).

The Sll is a governmental agency providing reimbursements for
the cost of prescription medication. Reimbursement is available for
all Finnish residents, usually obtained as price subsidy at purchase
at the pharmacy. For every reimbursed purchase, the date, number
of packages, dose and number of doses of the purchase are entered
into the database. Drugs dispensed to hospital inpatients or in
other way institutionalized patients are not covered by the pre-
scription database.?

In Finland, all patients with epilepsy have 100% reimbursement
for AEDs. Epilepsy diagnosis is made by neurologist and it is based on
clinical neurological assessment, electroclinical findings and neuroim-
aging. The SlI database was used to identify participants with 100%
reimbursement for AEDs. Data of 100% reimbursement were only
available for years 1995 to 2009. Reimbursement entitlements made
before 1995 were not available.

The AEDs licensed in Finland during 1995 to 2015 were eth-
osuximide, phenobarbital, phenytoin, gabapentin, carbamazepine, clo-
nazepam, lamotrigine, levetiracetam, oxcarbazepine, pregabalin,
primidone, tiagabine, topiramate, zonisamide, lacosamide, VPA and
vigabatrin. The drugs were identified based on drug-specific Anatomi-
cal Therapeutic Chemical (ATC) codes. Clonazepam, phenobarbital,
pregabalin and primidone were excluded from the analysis either
because of their common usage for other indications than epilepsy
(clonazepam and pregabalin) or because of very small number of users
in the study population during the follow-up (phenobarbital and
primidone). Additionally, information on usage of statins, antidiabetic
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medication, antihypertensive  medication, nonsteroidal anti-
inflammatory drugs (NSAIDs) and aspirin were obtained as potential

confounders from the database.

2.3 | Statistical analysis

Cox regression was used to estimate hazard ratios (HRs) and 95%
confidence intervals (95% Cls) for PCa by medication usage. The time
metric was years and months (as decimals of year) since the screening
trial randomization (the baseline). Cox regression was adjusted for age
at randomization and in the multivariable analyses also for simulta-
neous usage of other drugs. Analyses of the full trial cohort were also
adjusted for the screening trial arm. Validity of proportional hazards
assumption was not formally tested as exposure of interest is ana-
lyzed as time-dependent variable.

PCa risk overall and separately the risk of low-, medium- and
high-risk PCa were compared between users and nonusers of AEDs. A
low-risk PCa was required to fill all the following criteria: Gleason
score 6 or below, stage T1-2 and PSA under 10. Medium-risk PCa had
at least one of the following characteristics: Gleason 7, stage T3 or
PSA 10 to 20. High-risk PCa was defined as having one of the follow-
ing properties: Gleason score 8 to 10, stage T4, metastases or PSA

TABLE 1 Population characteristics

N of men

N of prostate cancer cases

N of (a) low
(b) medium
(c) high risk PCa

Median age

Median BMI?

Screening arm

Use of other drugs
Antidiabetic drugs, n (%)
Statins, n (%)

Antihypertensive drugs, n (%)

Aspirin, n (%)
NSAIDs, n (%)

Marital status

Single, divorced or widowed

Married or registered relationship

Occupational status
Employed
Unemployed
Retired

., | International Journal of Cancer
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over 20. Separate analyses were performed comparing HDACi AEDs
to other AEDs. Carbamazepine, topiramate, oxcarbazepine and VPA
were classified as HDACi medication and other AEDs as non-HDACi.
VPA was also analyzed separately compared to non-HDACi because
in vitro studies on the subject have almost exclusively evaluated the
effect of VPA on cancer growth. Oxcarbazepine was considered as a
HDAC inhibitor

carbamazepine.

due to close pharmacological similarity to

AED use was included into the Cox regression as a time-
dependent variable. Medication usage status was updated yearly after
the baseline. Men who were not AED users at baseline were consid-
ered nonusers until the year of the first purchase. Men who switched
from one drug group to another (eg, from non-HDACi AEDs to HDACi
AEDs) remained as users of both drug groups.

The quantity of medication use was standardized between differ-
ent drugs by dividing the annual usage in milligrams by the defined
daily dose listed by the World Health Organization. The duration of
medication use was measured as years with recorded purchases. The
intensity of AED use (doses per year) was calculated by dividing the
yearly dosage by years of usage.

The cumulative amount, duration and intensity of AED use were

updated during the follow-up according to the reimbursed medication

Antiepileptic drug use

None Any HDAC inhibitor use®
72 384 6231 4096
8548 (11.8%) 713 (11.4%) 427 (10.4%)
2903 (35.9%) 229 (33.3%) 133 (32.7%)
2843(352%)  276(402%) 166 (40.8%)
2330 (28.9%) 182 (26.5%) 108 (26.5%)
59 59 59
26.3 26.2 26.0
27 845 (38.5%) 2349 (37.7%) 1545 (37.7%)
13 010 (18.0%) 1234 (19.8%) 699 (17.1%)
35 157 (48.6%) 3352 (53.8%) 2110 (51.5%)
52 661 (72.8%) 4992 (80.1%) 3224 (78.7%)
12 003 (16.6%) 1413 (22.7%) 938 (22.9%)
59 085 (81.6%) 5419 (87.0%) 3480 (85.0%)
9578 (13.2%) 918 (14.7%) 592 (14.5%)
45 631 (63.0%) 3760 (60.3%) 2382 (58.2%)

29 570 (40.9%)
7435 (10.3%)
22 045 (30.5%)

2012 (32.3%)
568 (9.1%)
2479 (39.8%)

1211 (29.6%)
395 (9.6%)
1711 (41.8%)

Note: Population-based cohort of 78 615 Finnish men.

Abbreviations: BMI, body mass index; HDAC, histone deacetylase; NSAID, nonsteroidal anti-
inflammatory drugs; PCa, prostate cancer.

2Available for 15% of men in the entire study population.

PIncludes any use of valproic acid, carbamazepine, oxcarbazepine or topiramate.



Prostate cancer risk among antiepileptic drug users compared to nonusers of AEDs

TABLE 2

High-risk PCa

Low-risk PCa Medium-risk PCa

Overall PCa

HR (95% Cl)

HR (95% Cl)

Age-adjusted

HR (95% Cl)

HR (95% Cl)

Age-adjusted

HR (95% Cl)

HR (95% Cl)
Age-adjusted

HR (95% Cl)

HR (95% Cl)
Age-adjusted

Multivariable adjusted* Multivariable adjusted* Multivariable adjusted*

Multivariable adjusted*

Ref
0.80 (0.64-1.01)

Ref

Ref

Ref

Ref

Ref

Ref

Ref

No AED use

0.80 (0.64-0.99)

0.96 (0.80-1.16)

0.98 (0.82-1.18)

0.76 (0.61-0.95)

0.74 (0.59-0.92)

0.86 (0.76-0.96)

0.85 (0.76-0.96)

Any AED use
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Intensity of usage

0.65 (0.42-1.01)
0.78 (0.52-1.17)
0.96 (0.68-1.33)

0.67 (0.44-1.03)
0.73(0.49-1.10)
0.96 (0.69-1.32)

1.20(0.89-1.62)
0.84 (0.59-1.20)
0.87 (0.63-1.19)

1.18(0.88-1.59)
0.86(0.61-1.21)
0.92 (0.68-1.24)

1.11 (0.79-1.56)
0.67 (0.44-1.03)
0.57 (0.38-0.86)

1.05 (0.74-1.47)
0.66 (0.43-1.00)
0.57 (0.38-0.85)

0.99 (0.82-1.20)
0.81 (0.65-1.00)
0.79 (0.65-0.97)

0.97 (0.80-1.17)
0.80 (0.65-0.98)
0.81(0.67-0.98)

First tertile

Second tertile
Third tertile

Note: Population-based cohort of 78 615 Finnish men.

Abbreviations: AED, antiepileptic drug; Cl, confidence interval; FinRSPC, Finnish Randomized Study of Screening for Prostate Cancer; HR, hazard ratio; NSAIDs, nonsteroidal anti-inflammatory drugs; PCa,

prostate cancer.

*

Calculated with Cox regression adjusted for age, FinRSPC study arm, use of cholesterol-lowering, antidiabetic and antihypertensive drugs and use of NSAIDs and aspirin.

purchases. After discontinuation, the participants retained the level
they had reached before stopping the usage.

Use of other drugs was analyzed as dichotomous variables strat-
ified as ever-users and never-users during the entire follow-up.

To evaluate delayed associations between AED use and PCa risk
and to minimize the impact of protopathic bias, we performed lag-
time analyses where exposure occurring 1 to 3 years before the out-
come was censored. For instance, outcomes occurring in the year
2002 by AED use in 2001 were analyzed in the 1-year lag-time
analysis.

To further evaluate influence of PSA testing to the PCa risk,
we performed a sensitivity analysis where we included only men
with at least one PSA test during the follow-up. We also per-
formed a sensitivity analysis where we included only users of
AEDs without AED usage prior to the FinRSPC baseline to evalu-
ate whether time-dependent exposure variable allow for ade-
quate exposure classification.

Risk trends by cumulative usage of AEDs were analyzed by
stratifying medication users by tertiles of amount, duration and
intensity of medication usage. Tertiles of cumulative usage were
analyzed as a continuous time-dependent variable. To assess
effect modification by the background variables serving as poten-
tial cofounders (age, trial arm, other medications), the analysis
was stratified according to the background variables and interac-
tion with medication usage was evaluated by adding an interac-
tion term to the Cox regression model. Improvement in model fit
was assessed using likelihood ratio tests.

Cox regression analyses were performed using IBM SPSS statis-

tical software version 25 (Chicago, IL).

3 | RESULTS

3.1 | Population characteristics

Prevalence of AED use was 11.4%. The median age at randomiza-
tion and BMI were comparable between AED users and nonusers
(Table 1). During median follow-up of 17 years, 9261 prostate
cancers were diagnosed, of which 713 among AED users. AED
users were more often also users of other drug groups, such as
NSAIDs, antihypertensive drugs and statins (Table 1). AED users
were more often retired compared to nonusers of AEDs
(Table 1).

3.2 | AEDs and PCarisk

The age-adjusted incidence of PCa was 78.5/10 000 person years
for users of any AED, 74.1/10 000 person years for those using
HDACi AED and 78.9/10 000 person years for men not using AED.
When compared to the nonusers, overall PCa risk was lower among
AED users (multivariable-adjusted HR = 0.86, 95% Cl = 0.76-0.96),
with a decreasing trend with intensity of AED use (Table 2). The risk
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decrease was significant only for low-risk PCa. Decreased risk esti-
mates were observed also for the high-risk PCa (HR = 0.80,
95% Cl = 0.64-1.01).

3.3 | HDAC inhibitors and PCa risk

Users of HDACi AEDs had decreased risk estimate of PCa when
compared to nonusers of AEDs (HR = 0.87, 95% CI = 0.76-1.01),

TABLE 4

and again risk decreased in inverse trend with intensity of HDACi
AED use (Table S1) and was significant only for low-risk PCa. No
difference in the PCa risk was found when comparing users of
HDACi AEDs to users of AEDs with no HDACi properties
(HR = 0.98, 95% Cl = 0.76-1.27) (Table 3). The results were simi-
lar for all PCa risk classes and when limiting the analysis to men
with confirmed epilepsy (Table 3). Users of VPA had nonsignifi-
cantly lower PCa risk compared to nonusers of AEDs (HR = 0.84,
95% CI = 0.65-1.09). (Table S2).

Prostate cancer risk among users of HDAC inhibitor antiepileptic drugs compared to men using other types of AEDs and among

AED users compared to nonusers of AEDs in a 1-year and 3-year lag time analyses

Prostate cancer risk among users of AEDs compared to nonusers of AEDs

1-year lag time 3-year lag time

HR (95% CI) age-adjusted HR (95% CI) multivar.adjusted* HR (95% CI) age-adjusted HR (95% CI) multivar.adjusted*
Non-AED users Ref Ref Ref Ref
Any AED users 0.84 (0.74-0.95) 0.84 (0.75-0.95) 0.84 (0.73-0.96) 0.84 (0.74-0.97)

Prostate cancer risk among users of HDAC inhibitor antiepileptic drugs compared to users of other types of AEDs

1-year lag time 3-year lag time

HR (95% CI) age-adjusted HR (95% CI) multivar.adjusted* HR (95% CI) age-adjusted HR (95% CI) multivar.adjusted*
Men using non-HDAC AEDs Ref Ref Ref Ref
HDAC AED users 1.08 (0.83-1.43) 1.06 (0.80-1.39) 1.18 (0.86-1.63) 1.16 (0.84-1.61)

Note: Population-based cohort of 78 615 Finnish men.

Abbreviations: AED, antiepileptic drug; Cl, confidence interval; FinRSPC, Finnish Randomized Study of Screening for Prostate Cancer; HDAC, histone
deacetylase; HR, hazard ratio; NSAIDs, nonsteroidal anti-inflammatory drugs.

"Calculated with Cox regression adjusted for age, FinRSPC study arm, use of cholesterol-lowering, antidiabetic and antihypertensive drugs and use of
NSAIDs and aspirin.

1.8
1.6

1.4

HR (95% Cl)

08 | |

0.6 | |

0.4

0.2

FIGURE 1 Prostate cancer risk among men using any antiepileptic drugs compared to nonusers. Analysis stratified by background
characteristics. Population-based cohort of 78 615 Finnish men
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FIGURE 2 Prostate cancer risk among men using HDAC inhibitory antiepileptic drugs compared to men using other types of antiepileptic

drugs. Analysis stratified by background characteristics. Population-based cohort of 78 615 Finnish men. HDAC, histone deacetylase

3.4 | Lag-time analyses

Users of AEDs had lower PCa risk compared to nonusers of AEDs also
in 1-year (HR = 0.84, 95% Cl = 0.75-0.95) and 3-year (HR = 0.84,
95% Cl = 0.74-0.97) lag time analyses (Table 4). PCa risk was similar
between users of HDACi AEDs and other AEDs in both 1- and 3-year
lag-time analyses.

3.5 | Sensitivity analyses

When limiting users of AEDs to those men not using AEDs before
randomization, risk of PCa was lower compared to nonusers AEDs
(HR = 0.89, 95% ClI = 0.78-1.01 in multivariable adjusted analysis).
When comparing users of HDACi AEDs and other types of AEDs
including only men with no AED use before baseline, no difference in
PCa risk was seen (HR = 0.89, 95% CI = 0.76-1.05 in multivariable
adjusted analysis).

We performed a sensitivity analysis were only men with at least
one PSA test during the follow-up were included to the analysis.
Users of AEDs had lower PCa risk compared to nonusers also in this
analysis (HR = 0.84, 95% Cl = 0.75-0.95), and comparison of PCa risk
among users of HDACi AEDs and users of other AEDs yielded also
results similar with main analysis (HR = 0.99, 95% Cl = 0.77-1.29).

3.6 | Subgroup analyses

PCa risk reduction seen among users of AEDs was only seen in
FinRSPC control arm (HR = 0.76, 95% Cl = 0.65-0.89), while in the

screening arm PCa risk was similar to nonusers of AEDs (HR = 1.00,
95% Cl = 0.84-1.19). However, no statistically significant subgroup
difference was found (P for interaction .281) (Figure 1). Similarly, use
of other drugs, age, BMI, marital or occupational status had no signifi-
cant effect modification.

When comparing users of HDACi AEDs to users of other types of
AEDs, no significant effect modification by background characteristics
was found, although most subgroup analyses had low statistical power
(Figure 2).

4 | DISCUSSION

Our study showed a decreased risk of PCa among users of AEDs com-
pared to nonusers. This finding was significant only for low-risk PCa;
nonsignificant risk reduction was found also for high-risk cancer. Simi-
lar risk reductions were found in users of HDACi AEDs and users of
other types of AEDs.

Our findings might indicate lower frequency of opportunistic
PSA testing among users of AEDs, explaining the risk difference for
low-risk PCa. Systematic PCa screening regardless of AED use abol-
ishes the impact of differing attendance on PSA testing, and no sig-
nificant PCa risk difference was seen in this setting in the FinRSPC
screening arm. However, this does not seem to comprehensively
explain our results, since no statistically significant subgroup differ-
ence was found between screening and control arms. Also, when
we analyzed PCa risk in men with at least one PSA test during the
follow-up, AED users had lower PCa risk compared to nonusers of
AEDs similar to the main analysis. However, we did not have infor-

mation on actual healthcare utilization during the study period,



314

SALMINEN ET AL.

| International Journal of Cancer

%)

which limits the interpretation of these results since opportunistic
PSA screening is usually linked to outpatient visits. Also, the risk
for high-risk PCa was almost significantly lower among users of
AEDs compared to nonusers in main analysis. These findings sug-
gest that use of AEDs also has a direct PCa protective effect. How-
ever, no evidence was found to support the role of HDAC
inhibition in lowering PCa risk indicating that there is some other
factor behind our findings.

Men under long-term treatment with HDACi AEDs had lower
age-corrected PSA levels compared with control groups in one study
of 106 patients.'® Since finding of low-risk PCa is highly dependent
on PSA-testing, this might be one explanation behind the decreased
risk of low-risk PCa in patients using HDACi AEDs.

In vitro studies have shown VPA, a HDACi AED, to decrease
PCa cell proliferation.*® Our findings do not support clinical
relevance of these findings, since no difference in PCa risk reduc-
tion was seen when comparing HDACi drug users to users of
other AEDs. Users of VPA had nonsignificantly reduced risk of
PCa risk (HR = 0.84, 95% Cl = 0.65-1.09) when compared to
nonusers of AEDs.

Results of previous epidemiological studies on the subject have
been inconsistent. In our previous study, we found a significant PCa
risk reduction among users of VPA, carbamazepine and phenobarbi-
tal.'> However, only users of carbamazepine had a significant risk
reduction for advanced (lymph-node positive or metastatic) disease. A
cohort study of 26 911 US veterans found no association between
VPA use and PCa risk overall.'* A Danish population-based case-
control study found no decrease in PCa risk among VPA users, but
their follow-up time was only 5 years, with no more than six exposed
cases.’® A British cohort study of 3000 patients with epilepsy found
increased PCa risk among men using VPA, but it was based on only
eight exposed cases.!?

In lag-time analyses, PCa risk was lower in AED users in both 1-year
and 3-year analysis. These findings indicate that PCa protective associa-
tion with AED use is most likely associated with long-term influence of
drug use on development of PCa or related to properties of men using
AEDs in long-term, that is, people with epilepsy rather than protopathic
bias due to cancer-related condition, such as brain-metastases.

Our study has several strengths. A large population-based cohort
was used to evaluate PCa risk among AED users. We were able to
obtain accurate information on PCa cases and AED use through com-
prehensive nationwide registers. Since the detailed exposure informa-
tion was obtained objectively from a prescription database, which
comprehensively records drug reimbursements including the number
of packages, amount and dose for the drug purchased, no recall bias
affected the estimation of exposure. Our study setting also allowed
analyzing PCa risk for both AED users with and without systematic
screening for PCa. Exceptional accuracy in our information on medica-
tion purchases allowed analyzing usage in time-dependent manner to
minimize immortal time bias.

Our study also has some limitations. We did not know the indi-

cation for the drug usage except for a small subgroup of people

with confirmed epilepsy, although we had information on back-
ground comorbidities and of diagnoses within the study population.
Some AEDs are also used in management of nonepileptic condi-
tions, such as neuropathic pain and migraine. No significant PCa
risk difference was found between users of HDACi AEDs and other
types of AEDs when analysis was limited only to people with con-
firmed epilepsy, which is in line with the findings in the whole study
population. We had only information on special reimbursement for
years 1995 to 2009, so the statistical power of this subgroup analy-
sis is limited. Drugs administered for hospital inpatients are not
recorded in the prescription database causing underestimation and
misclassification of the exposure. Also, we did not have information
of the actual intake of medication, which might lead to over-
estimation of the exposure. However, continued unused medica-
tion purchases should be uncommon. Alcohol usage, smoking and
physical activity are lifestyle factors that could cause confounding
in our results and we did not have information on these, but their
role as a risk factor for PCa is not well defined.

Our results show that AED use is associated with a reduced risk
of PCa. However, the risk reduction does not depend on HDAC inhib-
itory properties. Further studies are required to evaluate whether this

risk reduction leads to lower PCa mortality.
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