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ABSTRACT

ARTICLE HISTORY

Background: Symptoms and treatment of benign prostatic hyperplasia (BPH) or erectile dysfunction
(ED) may lead to prostate cancer workup, and patterns of prescriptions before diagnosis may affect
findings of pharmacoepidemiological studies. Usage of BPH and ED drugs after diagnosis may be
related to prostate cancer treatment. We investigated differences in prescription rates of BPH and ED
drugs among prostate cancer patients and cancer-free comparisons and between patients with localized and non-localized disease.
Material and methods: A nationwide register-based study, including all Danish men aged 50–85 years
diagnosed with prostate cancer during 1998–2015 and an age-matched comparison cohort without
cancer. We calculated rates of new and total prescriptions in 1-month intervals from 3 years before to
3 years after cancer diagnosis for drugs used to treat BPH and ED, overall and stratified by clinical stage.
Results: We identified 54,286 men with prostate cancer and a comparison cohort of 249,645 agematched men. The new prescription rate for BPH drugs increased for men with prostate cancer in the
year before diagnosis and peaked 1 month before diagnosis with an 18-fold higher rate. Men with
prostate cancer had a higher total prescription rate of BPH drugs 3 years before diagnosis, notably
among men with localized disease. Before diagnosis, the new prescription rates for ED drugs were
similar among men with prostate cancer and comparisons. After diagnosis, men with prostate cancer
had a 7-fold higher rate of new prescriptions for ED drugs. Among men with localized disease, the
total prescription rate of ED drugs increased in the months following diagnosis.
Conclusion: Differences in prescription rates suggest increased prostate cancer surveillance among
men receiving BPH drugs, whereas the post-diagnostic increase in ED drugs among men with localized
disease is compatible with the increased risk of ED following prostate cancer treatment.
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Background
Lower urinary tract symptoms (LUTS) and erectile dysfunction
(ED) are frequent among elderly men [1,2]. Up to 70% of
men above 60 years have LUTS and 25% have LUTS that
affect the quality of life [1]. ED is reported in up to 15% of
men above 70 years [1]. Prostate cancer is a third highly
prevalent disease among elderly men, and a potential causal
relationship between LUTS, ED, and prostate cancer has long
been debated [3,4]. LUTS is considered a consequence of
benign prostatic hyperplasia (BPH) whereas ED has many
established underlying causes [1,5].
BPH is the most common cause of voiding problems, but
prostate cancer may also affect the ability to void and the
presences of BPH and prostate cancer are often concomitant
[6,7]. Since BPH and prostate cancer derives from the same
organ, a possible role of BPH as a precursor to prostate
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cancer has been discussed [8]. Results from previous studies
have, however, been inconsistent. Armenian et al. reported
an increased risk of prostate cancer and death in men previously hospitalized with BPH, and Hammersten et al. found
that fast-growing BPH could be a precursor for prostate cancer [9,10]. A Swedish population-based study demonstrated a
slightly increased risk of prostate cancer and death in men
previously hospitalized with a BPH diagnosis [11]. More
recently, a Danish population-based study demonstrated a
higher risk of prostate cancer and death in men following a
BPH diagnosis, and interestingly, the hazard ratio for prostate
cancer increased with calendar time, while the hazard ratio
for prostate cancer mortality remained nearly constant [6]. In
contrast to the Swedish study, the increased risk of subsequent prostate cancer was found regardless of initial treatment for BPH in the Danish study. Another recent Danish
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study showed that men with acute urinary retention had an
excess risk of prostate cancer within the first 3 months after
retention but no excess risk after 1 year [12]. This clearly
illustrates the risk of surveillance bias in prostate cancer diagnosis among men with urological symptoms since urinary
retention is not considered a risk factor for prostate cancer.
In men with prostate cancer, ED has been associated with
advanced disease, however, the clinically most important feature of ED is the association with prostate cancer treatment
[13–15]. A Swedish study of men with localized prostate cancer, 87% reported adverse symptoms related to ED and sexual inactivity after a median of 12 years after diagnosis [16].
It is, however, difficult to evaluate the true prevalence of ED,
since many men may have experienced erectile problems
before cancer diagnosis or may not wish any help to reestablish erectile function. In a Danish study of men treated with
radical prostatectomy, 22% of men with postoperative ED
expressed no interest in penile rehabilitation [15].
Previous pharmacoepidemiological studies have investigated associations between drugs used to treat both BPH
and ED and prostate cancer [17–19]. However, seeking medical advice or being treated for either voiding problems or
ED may be the first steps leading to prostate cancer workup,
and patterns of prescriptions before diagnosis could therefore affect findings of studies investigating the association
between BPH and ED drugs and prostate cancer risk. The use
of these drugs after diagnosis may also be related to treatment of prostate cancer. We aimed to examine the use of
BPH and ED drugs before prostate cancer diagnosis to elucidate potential surveillance biases or pre-cursor effects and
thereby inform planning and interpretation of future pharmacoepidemiological studies investigating associations
between drugs for BPH, ED, and prostate cancer risk, and to
examine prescription patterns after diagnosis to detect associations between BPH and ED drugs and prostate cancer treatment.

Material and methods
Based on information from Danish nationwide demographic
and health registries, we investigated pre- and post-diagnostic prescription rates of drugs used to treat BPH and ED
among men with a prostate cancer diagnosis and a comparison cohort.

Data sources
We retrieved information from the Danish Civil Registration
System administering the unique personal identification
number, which enables unambiguous linkage at an individual level between Danish registries, and also contains continuously updated information on vital status, and migration
[20]. The Danish Cancer Registry holds almost complete and
accurate records of incident cancer cases in Denmark since
1943 and includes information on clinical stage recorded as
‘localized’, ‘regional’, ‘distant’, or ‘unknown’ until 2003 and
according to the tumor node metastasis (TNM) system from
2004 onwards [21]. The Danish National Prescription Registry

holds information on all drug prescriptions dispensed at
Danish pharmacies since 1 January 1995 [22]. All drugs are
categorized according to the Anatomical Therapeutic
Chemical (ATC) Classification System [23]. The Danish
National Patient Register holds information on all hospital
admissions and procedures in Denmark, with records of nonpsychiatric hospital admissions since 1977 and on outpatient
and psychiatric contacts since 1995 [24].

Study population
We identified all men between 50 and 85 years with a prostate cancer diagnosis (International Classification of Diseases,
10th Revision: C61.9) recorded in the Cancer Registry from 1
January 1998 to 31 December 2015. Men with previous cancer (except non-melanoma skin cancer) were excluded. We
categorized prostate cancer patients according to the clinical
stage at the time of diagnosis as localized, non-localized, or
unknown (see Appendix Table 1 for stage algorithm). For the
comparison cohort, we randomly selected up to five male
population controls for each prostate cancer patient,
matched on date of birth and with no history of cancer at
the time of diagnosis (index date) of the corresponding prostate cancer patient.

Study drugs
We obtained information from the Prescription Registry on
filled prescriptions for drugs used to treat BPH (ATC code
G04C) and ED (ATC code G04BE) (see Appendix Table 2)
from 3 years before to 3 years after the index date. We
investigated rates of both new and total prescriptions. A
new prescription was defined as a prescription within the
study drug class, i.e. BPH or ED drugs, filled by a man with
no previous prescriptions within the same drug class for the
preceding 2 years. Total prescriptions were defined as any
prescription filled during the study period within the respective drug classes.

Statistical analyses
All men were followed from 3 years before to 3 years after
the index date, or to the date of death or migration, whichever came first. We conducted descriptive analyses of characteristics at index date for men with prostate cancer and the
comparison cohort and for prostate cancer patients stratified
by stage at the time of diagnosis. Based on information from
the Danish National Patient Register, we estimated the
Charlson’s Comorbidity Index to compare comorbidity
between prostate cancer patients and the comparison cohort
[24,25]. We estimated prescription rates for each drug class
in 1-month intervals during 3 years before to 3 years after
the index date by counting the number of prescriptions
(new or total) and dividing it by the number of personmonths in that interval. The prescription rates before and
after index date were reported as prescription rates per 100
person-months with 95% confidence intervals (CI) for all men
diagnosed with prostate cancer, overall and stratified by
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The study population comprised 54,286 men with prostate
cancer and a comparison cohort of 249,645 age-matched
men. We identified 30,712 prostate cancer patients with
localized disease and 12,884 with non-localized disease at
the time of diagnosis. Due to missing information on stage,
10,690 (20%) of the patients were excluded from the stratified analyses. With a median age of 68.8 years (interquartile
range [IQR], 63.7–74.1) at the time of diagnosis, men diagnosed with localized disease tended to be younger than
men with non-localized disease (median age of 72.4 years;
IQR, 66.2–78.1) (Table 1). Men diagnosed with non-localized
disease were more likely to have comorbidities compared
with men diagnosed with localized disease.

the comparison cohort (Figure 1). Three years before diagnosis, men with prostate cancer had a rate of 2.75 prescriptions
per 100 person-months (95% CI, 2.61–2.89) compared to 2.06
prescriptions per 100 person-months (95% CI, 2.00–2.12)
among men in the comparison cohort. Among men with
prostate cancer, the total prescription rate increased from 3
years before diagnosis and peaked around the time of diagnosis with a rate of 11.84 prescriptions per 100 personmonths (95% CI, 11.55–12.13). Most of this difference was
seen among men subsequently diagnosed with localized
prostate cancer since the rate among men diagnosed with
non-localized disease did not deviate markedly from that of
the men in the comparison cohort until 1 year before diagnosis. In the comparison cohort, the total prescription rate
increased steadily throughout the study period. Shortly after
diagnosis, the rate of total prescriptions for drugs used to
treat BPH declined among prostate cancer patients but
remained higher than among men in the comparison cohort
throughout the study period.

Drugs used for benign prostatic hyperplasia

Drugs used for erectile dysfunction

The rate of new prescriptions for BPH drugs was similar for
men with prostate cancer and men in the comparison cohort
until approximately 1 year before diagnosis (Figure 1).
Hereafter, the rate increased slightly among men with subsequent prostate cancer up to 6 months before diagnosis, followed by a rapid increase with the highest rate observed in
the month before diagnosis (3.17 new prescriptions per 100
person-months; 95% CI, 3.02–3.32) corresponding to a more
than 18-fold higher rate than among men in the comparison
cohort (0.17 new prescriptions per 100 person-months; 95%
CI, 0.15–0.18). Following diagnosis, the rate of new prescriptions declined rapidly and leveled out at a similar rate as
among men in the comparison cohort. In analyses stratified
by clinical stage, the rates of new prescriptions of BPH drugs
were similar for men with localized and non-localized disease.
Throughout the 3 years before diagnosis, the rate of total
prescriptions for BPH drugs was higher among men subsequently diagnosed with prostate cancer than among men in

The rates of new prescriptions for ED drugs were similar
among men diagnosed with prostate cancer and the comparison cohort until shortly before diagnosis (Figure 2). One
month before diagnosis, the rate of new prescriptions
increased three-fold among men subsequently diagnosed
with prostate cancer compared with the comparison cohort,
i.e. rates of 0.47 new prescriptions per 100 person-months
(95% CI, 0.41–0.53) among prostate cancer patients and 0.14
(95% CI, 0.13–0.16) among men in the comparison cohort.
After diagnosis, the rate of new prescriptions increased substantially among men with prostate cancer (1.37 new prescriptions per 100 person-months; 95% CI, 1.27–1.47), leading
to a more than seven-fold higher rate 6 months after diagnosis compared with the comparison cohort. From this point,
the rate of new prescriptions gradually decreased among
men with prostate cancer, reaching a similar rate as in the
comparison cohort 3 years after diagnosis.
The rate of total prescriptions for ED drugs was slightly
higher among men subsequently diagnosed with prostate

localized and non-localized disease, compared with the corresponding matched comparisons.

Results
Characteristics of the study population

Table 1. Descriptive characteristics at diagnosis (index date) of the comparison cohort and prostate cancer patients diagnosed from 1998 to 2015, overall and
stratified by clinical stage at the time of diagnosis.
Number of men
Median age in years (IQR)
Age group, year, N (%)
<65
65–70
70–75
>75
Year of diagnosis, N (%)
1998–2003
2004–2007
2008–2011
2012–2015
Charlson’s Comorbidity Index, N (%)
0
1
2þ

Comparison cohort

All prostate cancers

Localized disease

Non-localized disease

Missing

249,645
70.4 (65.0–76.2)

54,286
70.2 (64.8–76.1)

30,712
68.8 (63.7–74.1)

12,884
72.4 (66.2–78.1)

10,690
72.7 (66.9–78.1)

62,685
57,155
55,426
74,379

(25.1)
(22.9)
(22.2)
(29.8)

14,051
12,483
11,943
15,809

(25.9)
(23.0)
(22.0)
(29.1)

9416
7892
6768
6636

(30.7)
(25.7)
(22.0)
(21.6)

2681
2479
2764
4960

(20.8)
(19.2)
(21.5)
(38.5)

1954
2112
2411
4213

(18.3)
(19.8)
(22.6)
(39.4)

52,095
58,751
70,631
68,168

(20.9)
(23.5)
(28.3)
(27.3)

10,881
12,580
15,501
15,324

(20.0)
(23.2)
(28.6)
(28.2)

4296
7261
9852
9303

(14.0)
(23.6)
(32.1)
(30.3)

3467
3188
3162
3067

(26.9)
(24.7)
(24.5)
(23.8)

3118
2131
2487
2954

(29.2)
(19.9)
(23.3)
(27.6)

166,170 (66.6)
48,945 (19.6)
34,530 (13.8)

36,707 (67.6)
10,791 (19.9)
6788 (12.5)

21,453 (69.9)
5937 (19.3)
3322 (10.8)

8270 (64.2)
2739 (21.3)
1875 (14.6)

6984 (65.3)
2125 (19.8)
1591 (14.9)
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New prescriptions, all patients

Total prescriptions, all patients
Comparisons

Cancer patients
Total prescription rate per 100 person−months

New prescription rate per 100 person−months

Cancer patients
5

4

3

2

1

0
−3

−2

−1

0

1

2

12.5

10

7.5

5

2.5

0

3

−3

−2

Time relative to cancer diagnosis (years)

4

3

2

1

0
0

1

2

7.5

5

2.5

0

3

−3

−2

1

2

Cancer patients
Total prescription rate per 100 person−months

New prescription rate per 100 person−months

0

3

Total prescriptions, non−localized disease

4

3

2

1

0
1

−1

Comparisons

5

0

Comparisons

Time relative to cancer diagnosis (years)

Cancer patients

−1

3

10

New prescriptions, non−localized disease

−2

2

12.5

Time relative to cancer diagnosis (years)

−3

1

Cancer patients
Total prescription rate per 100 person−months

New prescription rate per 100 person−months

Comparisons

5

−1

0

Total prescriptions, localized disease

Cancer patients

−2

−1

Time relative to cancer diagnosis (years)

New prescriptions, localized disease

−3

Comparisons

2

3

Time relative to cancer diagnosis (years)

Comparisons

12.5

10

7.5

5

2.5

0
−3

−2

−1

0

1

2

3

Time relative to cancer diagnosis (years)

Figure 1. Rates of new and total prescriptions of drugs for benign prostatic hyperplasia among 54,286 Danish prostate cancer patients diagnosed from 1998 to
2015 and a comparison cohort of 248,645 age-matched men, overall and stratified by clinical stage at the time of diagnosis. Note the difference in the Y-axis scales
between new and total prescriptions.

cancer than among men in the comparison cohort within 3
years before diagnosis (Figure 2). Three years before diagnosis, men with subsequent prostate cancer had a rate of 1.48
prescriptions per 100 person-months (95% CI, 1.38–1.58)
compared with 1.20 prescriptions per 100 person-months
(95% CI, 1.15–1.24) among men in the comparison cohort. In
the first year after diagnosis, the total prescription rate
among men with prostate cancer increased substantially and
remained elevated throughout the study period. Three years

after diagnosis, men with prostate cancer had a rate of 3.33
prescriptions per 100 person-months (95% CI, 3.14–3.53)
compared with 1.44 prescriptions per 100 person-months
(95% CI, 1.38–1.49) among men in the comparison cohort.
The analyses stratified by stage revealed a major difference in the total prescription rate between patients with
localized and non-localized disease after diagnosis. Among
men with localized disease, the rate increased dramatically in
the months following diagnosis, whereas no material
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New prescriptions, all patients

Total prescriptions, all patients
Comparisons

Cancer patients
Total prescription rate per 100 person−months

New prescription rate per 100 person−months

Cancer patients

2

1.5

1

0.5

0
−3

−2

−1

0

1

2

6

4

2

0

3

−3

−2

1.5

1

0.5

0
1

2

4

2

0

3

−3

−2

1

2

Cancer patients
Total prescription rate per 100 person−months

New prescription rate per 100 person−months

0

3

Total prescriptions, non−localized disease

1.5

1

0.5

0
1

−1

Comparisons

2

0

Comparisons

Time relative to cancer diagnosis (years)

Cancer patients

−1

3

6

New prescriptions, non−localized disease

−2

2

8

Time relative to cancer diagnosis (years)

−3

1

Cancer patients
Total prescription rate per 100 person−months

New prescription rate per 100 person−months

Comparisons

2

0

0

Total prescriptions, localized disease

Cancer patients

−1

−1

Time relative to cancer diagnosis (years)

New prescriptions, localized disease

−2

Comparisons

8

Time relative to cancer diagnosis (years)

−3

5

2

3

Time relative to cancer diagnosis (years)

Comparisons

8

6

4

2

0
−3

−2

−1

0

1

2

3

Time relative to cancer diagnosis (years)

Figure 2. Rates of new and total prescriptions of drugs for erectile dysfunction among 54,286 Danish prostate cancer patients diagnosed from 1998 to 2015 and a
comparison cohort of 248,645 age-matched men, overall and stratified by clinical stage at the time of diagnosis. Note the difference in the Y-axis scales between
new and total prescriptions.

changes were
ized disease.

observed

among

men

with

non-local-

Discussion
Our study illustrates that a prostate cancer diagnosis has a
considerable influence on the patterns of prescriptions for
drugs used to treat BPH and ED. The patterns, however,

differed significantly between the two drug classes, before
and after diagnosis, and between men diagnosed with localized and non-localized disease.
The increasing rate of new prescriptions for BPH drugs
among men with prostate cancer within the year before
diagnosis may indicate that men initiating treatment for BPH
are also likely to undergo diagnostic workup for prostate
cancer. This may be due to either extended surveillance or
that the voiding problems are a consequence of both cancer
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and BPH. We anticipated that men with voiding problems
experience a close surveillance in the health care system,
which most likely would increase their risk of being diagnosed with a localized prostate cancer but our finding of
similar patterns in the new prescription rates among men
with localized and non-localized disease indicate that other
factors than extended surveillance influence the risk of subsequently being diagnosed with prostate cancer. However,
men subsequently diagnosed with prostate cancer also had
a higher total prescription rate at least 3 years before diagnosis, which was most pronounced among men diagnosed
with localized disease, supporting that extended surveillance
before diagnosis more than a causal effect explain the association between BPH and prostate cancer as previously
shown in a Danish setting [6].
As expected, the total rates of prescriptions of BPH drugs
increased among men in the comparison cohort throughout
the study period, indicating an increased prevalence of BPH
with increasing age [2]. This increase also explains parts of
the increased rate among men with prostate cancer, however, the pre-diagnostic rate of BPH drugs was markedly
larger among the prostate cancer patients, especially up to
the time of diagnosis.
Before prostate cancer diagnosis, the rate of new prescriptions for ED drugs only differed marginally between men
subsequently diagnosed with prostate cancer and men in
the comparison cohort, indicating that men treated for ED
are not under increased surveillance for prostate cancer. This
is further supported by our finding of almost identical rates
of new prescriptions before diagnosis between men with
localized and non-localized disease. In the first year after
diagnosis, we observed a peak in new prescriptions of ED
drugs, but only among men with localized disease. This finding is consistent with ED being a frequent side effect of curatively intended treatment for prostate cancer, and our
finding thus reflects an increased need for drugs to manage
ED among patients with localized disease of whom many
have undergone such treatment [16]. The total prescription
rate of ED drugs also increased among men with prostate
cancer in the year after diagnosis and, although declining,
remained elevated throughout the study period, however,
only among men with localized disease. The decline following the first year may reflect spontaneous recovery of erectile
function, no interest in penile rehabilitation, or lack of
effect [14,15,26].
Based on our findings for new prescriptions, it seems sufficient to use a 1-year lag period in pharmacoepidemiological
studies investigating associations between ED drugs and
prostate cancer. It is, however, not possible to define an
appropriate lag period for BPH drugs based on the present
study, since the total prescription rates in our study were
higher among prostate cancer patients than among men in
the comparison cohort from the beginning of the exposure
period 3 years before diagnosis.
The increased rates of total prescriptions of BPH and ED
drugs among prostate cancer patients before diagnosis indicate a higher prevalence of BPH and ED several years before
diagnosis. In a recent study, we found that men

subsequently diagnosed with prostate cancer less frequently
used some commonly used drugs including antidepressants,
beta-blockers, and antidiabetics compared with the comparison cohort [27]. Moreover, in the present study, we found
that a lower proportion of patients had a score of two or
more on the Charlson’s Comorbidity Index compared with
the comparison cohort. Therefore, we do not believe that
men with subsequent prostate cancer, in general, have a
higher prevalence of comorbidities, and thus our results
appear specific for conditions with urological symptoms.
The patterns of prescription rates of BPH drugs after diagnosis are most likely influenced by prostate cancer treatment.
In Denmark, approximately a quarter of all prostate cancer
patients undergo radical prostatectomy and are therefore
unlikely to receive any medication for BPH [28]. Many
patients with non-localized disease are likely to undergo
some type of endocrine manipulation, either as treatment in
combination with external beam radiation [29] or as endocrine therapy alone, which will reduce prostate volume and
in many cases relieve voiding problems [30]. This may
explain parts of the observed decrease in the rates of both
new and total prescriptions for BPH after diagnosis.
The strengths of our study include a large study population, covering virtually all men diagnosed with prostate cancer in Denmark in the study period, due to the high
completeness of the Danish Cancer Registry [21]. The possibility to stratify analyses by stage at the time of diagnosis
was another major strength of our study since patients with
localized and non-localized disease differ in many parameters
including age, comorbidity, socioeconomic position, and
prostate cancer treatment. In Denmark, all drugs used for the
treatment of BPH and ED are available by prescription only,
and thus, the complete and high-quality information from
the Prescription Registry provided a valid measure of the use
of BPH and ED drugs. We did, however, lack information on
the indication of use for the included drugs, but in general,
the included drugs are highly specific for BPH and ED.
In conclusion, we found differences in prescription rates
of BPH and ED drugs between men with prostate cancer and
the comparison cohort as well as between patients with
localized and non-localized disease. Increased pre-diagnostic
rates of prescriptions may be explained by extended surveillance especially among men treated for BPH and to a lesser
extent for ED, however, our results cannot rule out an association between BPH and subsequent prostate cancer. The
observed differences in prescription rates among patients
diagnosed with localized and non-localized disease emphasize the importance of including stage as a parameter in
pharmacoepidemiological studies investigating associations
between drugs for the treatment of BPH and ED and prostate cancer risk and outcomes. The increase in prescriptions
of drugs used to treat ED in men with localized disease is
compatible with the increased risk of erectile dysfunction following prostate cancer treatment.
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Appendix

Appendix Table 1. Definition of clinical stage.
Clinical stage

Clinical variable

Localized: Classification until 2003

Localized

Localized: TNM codes

T1–4,x and N0 and M0
T1–2 and N0,x and M0,x

Non-Localized: Classification until 2003

Regional, Metastatic

Non-Localized: TNM codes

T1–4,x and N1–3 and M0,x
T1–4,x and N0–3,x and M1
T3–4 and Nx and Mx

Appendix Table 2. List of drugs included in the included drug classes.
G04BE

Drugs used in erectile dysfunction

G04C

Drugs used in benign prostatic hypertrophy

G04BE01
G04BE02
G04BE03
G04BE04
G04BE06
G04BE07
G04BE08
G04BE09
G04BE10
G04BE11
G04BE30
G04BE52

Alprostadil
Papaverine
Sildenafil
Yohimbine
Moxisylyte
Apomorphine
Tadalafil
Vardenafil
Avanafil
Udenafil
Combinations
Papaverine, combinations

G04CA
G04CB
G04CX

Alpha-adrenoreceptor antagonists
Testosterone-5-alpha reductase inhibitors
Other drugs used in benign prostatic hypertrophy

