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with ovarian cancer.
ovarian cancer in Denmark 2005-2012 and a comparison cohort of age-matched
women without cancer. We calculated rates of new drug treatment and total drug
use and examined use of new and prevalent drugs before and after diagnosis.
Analyses were stratified by histological type and stage of epithelial ovarian cancer.
Results: We identified 2742 patients. The rate of new drug treatment increased from
3 to 5 months before diagnosis and peaked in the first month after diagnosis at 99
new types of drug therapy per 100 individuals (mainly antiemetics, proton-pump inhibitors, hypnotics, and opioids). Although declining, the rate of new drug use remained substantially higher among epithelial ovarian cancer patients than among
controls throughout the 3-year postdiagnosis follow-up period. The number of prevalent drugs increased slightly from a median of 4 drugs (interquartile range 2-7) before diagnosis to 5 drugs (interquartile range 2-8) shortly after the diagnosis. The use
of preventive drugs decreased only slightly after diagnosis. In stratified analyses, we
found limited variation according to histological type, whereas patterns were slightly
more pronounced among women with nonlocalized disease compared with localized
disease.
Conclusions: Drug use among postmenopausal women with epithelial ovarian cancer
was substantial and varied considerably in relation to the time of cancer diagnosis,
although only limited changes were seen in the use of preventive medicines.
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1 | I NTRO D U C TI O N

a poor prognosis, with an overall 5-year survival around 40%-
50%.1 Elderly EOC patients often suffer from chronic diseases

Epithelial ovarian cancer (EOC) is typically a disease of elderly

at the time of the diagnosis. 2 Hence, drug use for prophylaxis or

women and most often diagnosed in an advanced stage and has

treatment of concomitant disease is considerable at diagnosis of

Abbreviations: ATC, anatomic therapeutic chemical; EOC, epithelial ovarian cancer; ICD,
International Classification of Diseases.

Acta Obstet Gynecol Scand. 2018;1–7.

EOC. 3 Many EOC patients initiate drug therapy, either as adjuvant
therapy to the standard cancer therapy or as part of the clinical
workup for the cancer diagnosis. Among patients dying from EOC,
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end-of-life care may involve discontinuation of drugs, except for
palliative drug therapy (eg, strong analgesics, steroids, and anxiolytics). Women with EOC are therefore prone to polypharmacy of

Key Message

varying magnitude during the course of the disease and with rela-

Drug use among postmenopausal patients with epithelial

tion to the prognosis.

ovarian cancer is substantial, with the rate of new drug

Polypharmacy is associated with an increased risk of adverse

treatments increased 3-5 months before diagnosis. Only

drug interactions and events, which may affect the quality of care

limited changes were seen after diagnosis in use of preven-

in women with EOC. Further, polypharmacy and discontinuation of

tive medicines.

4

concomitant drugs pose substantial challenges for pharmacoepidemiological research aimed at evaluating potential associations with cancer risk or prognosis of commonly used drugs for chronic conditions,

data include the type of drug, date of dispensing, and quantity. The

eg, aspirin, statins, or metformin, as changes in adherence to these

dosing schedule and the indication for prescribing are not avail-

drugs may directly or indirectly influence cancer risk or outcomes.

able. Drugs are categorized according to the Anatomic Therapeutic

A comprehensive assessment of drug therapy among EOC patients would provide important guidance for future clinical practice,

Chemical (ATC) index, a hierarchical classification system developed
by the World Health Organization.9

safety, prognosis, and quality of life for these women, and provide

The Danish National Patient Register8 contains detailed data on

important information for pharmacoepidemiological studies of EOC

all somatic hospital admissions in Denmark since 1977 and on all

prognosis. Presently, however, only limited knowledge is available on

outpatient hospital contacts and psychiatric admissions since 1995.

prevalence, trends, and factors associated with drug use among EOC

Discharge/contact diagnoses are coded according to ICD-8 (1977-

patients. We therefore aimed to describe drug utilization among

1993) and ICD-10 (since 1994).

postmenopausal women with EOC, with focus on temporal patterns
in drug use and consideration of tumor characteristics and clinical
stage.

2.2 | Patient population
We included all women aged ≥ 55 years diagnosed with histologically

2 | M ATE R I A L A N D M E TH O DS

verified EOC between 2005 and 2012. Women with previous cancer
(except non-melanoma skin cancer) were excluded. All patients were
followed from 3 years before the EOC diagnosis until date of death,

We obtained data from nationwide Danish health and demographic

migration, or 3 years after the diagnosis. For each patient using risk

registries on all women with postmenopausal EOC. Using descrip-

set sampling, we randomly selected four women (controls) without

tive statistics, we examined use of prescription drugs preceding and

cancer at the date of diagnosis of the patient from the general female

following the EOC diagnosis.

population with same birth year as the case patients, thereby establishing a cancer-free comparison cohort.

2.1 | Data sources
The nationwide Danish registries hold information for the entire

2.3 | Study drugs

population on demographic parameters and health data, includ-

We considered drug treatment at the fourth level of the ATC sys-

ing cancer incidence and use of prescription drugs. Unambiguous

tem, corresponding to drug classes, eg, proton-pump inhibitors (ATC

linkage between registries can be accomplished using the CPR-

A02BC). Prescriptions for antibiotics (ATC J01) were excluded from

number, a unique personal identifier assigned by the Danish Civil

analysis, as antibiotic therapy is rarely chronic. New (incident) drug

Registration System to all residents in Denmark. 5 The Danish Civil
Registration System contains information on date of birth and
dates of migration and death for all Danish citizens. 5 In the present
study, we also obtained data from the Danish Cancer Registry, 6
the Danish National Prescription Registry,7 and the Danish Patient
Registry. 8
6

The Danish Cancer Registry offers accurate and almost com-

treatment was defined as a prescription within a specific drug class,
filled by a patient with no previous prescription within the same drug
class for the preceding 2 years.

2.4 | Statistical analyses
In analyses of both new and total drug use, we evaluated drug use

plete registration of incident cancer in Denmark since 1943. Cancer

from 36 months before to 36 months after the date of EOC diag-

diagnoses are recorded according to the International Classification

nosis. First, we described the overall incidence rate of treatment

of Diseases, version 10 (ICD-10), and the ICD for Oncology (ICD-O-

initiation with prescription drugs over time within the population of

1-3) for details on topography and morphology. Relevant codes for

EOC patients. Specifically, we estimated the monthly incidence rate

EOC are provided in Appendix S1.

of new drug treatment per 100 persons per ‘person-month’. Similar

The Danish National Prescription Registry7 contains data on all
prescription drugs dispensed to Danish residents since 1995. The

analyses were performed for the cancer-free comparison cohort. We
further described total use of prescription drugs by estimating the

|
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total number of unique drug classes used by each patient/control
woman within 3-month exposure windows, depicting the distribu-

TA B L E 1 Baseline characteristics of women with epithelial
ovarian cancer in Denmark, diagnosed during 2005-2012

tion of number of drugs used over time (median, 25th and 75th cen-

Patients
(n = 2742)

tile, and 10th and 90th centiles).
Second, we described overall trends in exposure to the most
commonly used drugs around the time of diagnosis. Specifically,
we identified the most used drug classes during the first 6 months
after diagnosis and described the proportion of patients using
these drugs in 6-m onth intervals. In this analysis, drug use in each
time-interval was defined as at least one prescription within the
time-interval.
In secondary analyses, we repeated the analyses stratified by
histological type of epithelial cancer (serous, endometrioid, clear
cell, and mucinous) and by tumor stage (localized, nonlocalized,
unknown).

3

Age (years)
Median (IQR)

69 (62-76)

55-65

1020 (37.2%)

66-75

971 (35.4%)

> 75

751 (27.4%)

Clinical stage
Localized

1004 (36.6%)

Nonlocalized

1348 (49.2%)

Unknown

390 (14.2%)

Histology

All analyses were performed using STATA Release 14.2
(StataCorp, College Station, TX, USA).

2.5 | Ethical approval
The Danish Health Data Authority approved the study (approval
2015-57-0 008). According to Danish law, ethical approval is not re-

Serous

1632 (59.5%)

Mucinous

186 (6.8%)

Endometrioid

321 (11.7%)

Clear cell

107 (3.9%)

Other epithelial

496 (18.1%)

IQR, interquartile range.

10

quired for registry-based studies.
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We identified 4119 women with EOC between 2005 and 2012.
After exclusions [post-
mortem diagnosis (n = 38), non-
epithelial/
no histology (n = 338), age < 55 years (n = 760), and previous cancer (n = 241)], the final study population comprised 2742 patients
with incident EOC. The median age was 69 years (interquartile range
62-76 years). The majority of patients had serous EOC (59.5%) and
about one-half (49.2%) had verified non-localized disease at the time
of diagnosis (Table 1).
The analysis of initiation of new drug treatment (Figure 1)
showed an increase from 3-5 months before the time of diagnosis,
peaking at 99 new drug treatments per 100 individuals during the
first month after the diagnosis. Compared with the control women,
EOC patients had a consistently higher rate of new drug treatment, which persisted up to 3 years after the diagnosis (Figure S1).

F I G U R E 1 The incidence rate of new prescription drug
treatment in 1-month intervals within 12 months before to
12 months after epithelial ovarian cancer diagnosis (black) or
among age-matched cancer-free women (gray)

In post-hoc exploratory analysis, we identified the most common
drug classes driving this increase in new drug therapy among the

The analysis of overall exposure trends of the most commonly

EOC patients, defined as new drugs initiated in the period from

used drug classes (top 20 listed in Table 3) showed a marked in-

3 months before the diagnosis to 6 months after the diagnosis

crease in the use of specific drug classes, including antiemetics and

(ie, corresponding to the peak observed in Figure 1). This analysis

proton-p ump inhibitors (in line with the above findings). Most of

showed that a wide range of drugs contributed, with antiemetics,

the drug classes that displayed a peak immediately after the time

proton-
pump inhibitors, hypnotics, and opioids being the most

of diagnosis, however, declined somewhat during the subsequent

common (Table 2).

time intervals. As an example, the prevalence of proton-p ump in-

The number of drug classes used by the EOC patients increased

hibitor use increased from 10% 2 years before diagnosis to 30%

in the period immediately following the diagnosis (Figure 2). While

immediately after the diagnosis and fell to 24% 2 years after the

the median use only increased slightly, a more noticeably increase

diagnosis. Similar trends were seen for, eg, antiemetics (1%, 20%,

was seen for the 75th and 90th percentiles of drug users.

and 7%), opioids (2%, 17%, and 10%), and benzodiazepine-related

4
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TA B L E 2 Drug classes initiated among epithelial ovarian cancer patients between 3 months before and 6 months after the diagnosis,
corresponding to the period of highest incidence rate of new drug treatment. The table includes the 20 drug classes with highest absolute
differences in proportion of users among cases compared with controls
ATC

Name of drug classa

Proportion of cases
(%)

Proportion of
controls (%)

A03FA

Propulsives (antiemetics)

24.9

1.2

A02BC

Proton-pump inhibitors

24.3

3.3

N05CF

Benzodiazepine-related drugs (hypnotics)

21.5

1.8

N02AA

Natural opium alkaloids (opioids)

20.6

1.2

N02AX

Other opioids (mainly tramadol)

16.6

3.0

N02BE

Anilides (mainly paracetamol)

16.7

3.3

A06AD

Osmotically acting laxatives

14.0

1.0

N05BA

Benzodiazepine derivatives (hypnotics)

13.5

1.7

J02AC

Triazole derivatives (antimycotics)

10.1

1.0

A06AB

Contact laxatives

9.2

0.7

C03CA

Sulfonamides, plain (high-ceiling diuretics)

9.7

1.6

A12BA

Potassium

8.9

1.5

H02AB

Glucocorticoids

9.6

2.2

N02AB

Phenylpiperidine derivatives (mainly fentanyl)

6.6

0.3

A04AA

Serotonin (5HT3) antagonists (antiemetics)

6.1

0.0

C03DA

Aldosterone antagonists

6.1

0.5

A02AA

Magnesium compounds

5.3

0.6

A07AA

Antibiotics (intestinal anti-infectives)

5.0

0.4

M01AB

Acetic acid derivatives and related substances (nonsteroidal
anti-inflammatory drugs)

6.5

2.3

C05AA

Corticosteroids (antihemorroidals)

5.5

1.4

a

The official WHO name is used, with specification provided in parentheses.

drugs (9%, 30%, and 17%). In contrast, the use of other drug

compared with localized disease. This included a larger spike in the

classes, notably statins and certain antihypertensive agents (eg,

rate of new drug treatment around the time of diagnosis (Figure

angiotensin-
converting enzyme inhibitors), showed a different

S2A-C) and a slightly larger drop in the use of preventive drugs after

pattern, with a smaller increase up to the time of diagnosis, and

the diagnosis had been established (Table S3A-C).

only a slight decline thereafter. As an example, statins increased
from 18% 2 years before the diagnosis to 21% just prior to the
diagnosis, and dropped to the same level as 2 years before the di-

4 | D I S CU S S I O N

agnosis (17%) in the first period after the diagnosis. Corresponding
numbers for angiotensin-
converting enzyme inhibitors were

In our nationwide study, we have documented a substantial use of

10%, 11%, and 9%. A table similar to Table 3, but with data from

drugs among postmenopausal women with EOC that begins to devi-

36 months before to 36 months after the diagnosis, and the 50

ate from age-matched controls within 3-5 months before the time

most commonly used drugs (instead of 20) is provided in Table S1.

of diagnosis. A spike in new drug treatments, driven by symptomatic

Of note, use of hormone replacement therapy showed a marked

drugs such as antiemetics, opioids, and hypnotics, was seen around

decrease from 17% in the 6 months before the diagnosis to 8%

the time of diagnosis, and the rate of new drug treatment remained

in the 6 months after the diagnosis, and increasing to about 12%

increased among patients with EOC compared with controls up to

thereafter (Table S1).

3 years after the diagnosis. Conversely, the use of prophylactic drugs

Secondary analyses stratified by histological type revealed results similar to those of the main analysis, ie, a peak around the time
of diagnosis for a number of drugs and a subsequent decline to lev-

such as statins and antihypertensive agents dropped only slightly
during the 3-year postdiagnosis follow-up period.
An important strength of our study was the nationwide approach,

els somewhat higher than those before the diagnosis (Table S2A-D).

minimizing selection bias and misclassification, and the use of high-

In analyses stratified according to clinical stage, the general pattern

quality registry data on cancer incidence6 and prescription drug use.7

of drug use before, around, and after the diagnosis was generally

Some limitations, however, also need to be considered. The primary

more pronounced among EOC patients with non-localized disease

weakness of our study was the lack of data on complementary and

|
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F I G U R E 2 The distribution of number of different drug classes used per woman in 6-month intervals (median, 25th and 75th centile,
and 10th and 90th centiles) within 12 months before to 12 months after epithelial ovarian cancer diagnosis (black) and among age-matched
cancer-free women (gray)

alternative medicines reported to be used by a considerable propor11-13

tion of patients with cancer,

between antidepressant drugs and platin-
based chemotherapy22

as well as over-the-counter med-

and the increased toxicity observed among patients receiving pa-

ication, which is also frequently used.14,15 Another limitation was

clitaxel with a concomitant use of the common antiplatelet drug

the lack of data on the reasons for discontinuation of drug treat-

clopidogrel. 23,24 However, drug-drug interactions are not the only

ment. Although our staging information allowed some assessment

concern associated with polypharmacy among patients with cancer,

of trends associated with prognosis, more specific proxies such as

as drug-related adverse events are both more common4 and more

data on which patients entered palliative care would have allowed for

often of higher severity among cancer patients compared with other

more detailed analyses. Further, we did not have access to prescriber

patients. 25

data, ie, whether drug therapy was initiated or managed in primary

Our findings also have some important implications for pharma-

care or by hospital physicians. Lastly, our analyses did not incorpo-

coepidemiological studies on women with EOC and cancer patients

rate data on diagnoses, ie, the underlying reasons for drug treatment.

in general. First, the markedly increased use of drugs leading up to

Our findings have some clinical implications. Our results empha-

the date of the EOC diagnosis infers a risk of reverse causation bias

size that the time of EOC diagnosis was associated with a considerable

(protopathic bias) in cancer risk studies, ie, that drug use assessed

increase in new drug therapy, largely driven by drugs related to man-

close to the diagnosis may be erroneously associated with an in-

aging symptoms from the cancer or its treatment (antiemetics, proton-

creased cancer risk, when in fact the drug use was caused by an as

pump inhibitors, opioids, mild analgesics etc.) or psychological effects

yet undiagnosed cancer. However, as shown in our previous study, 26

of the establishment of the diagnosis (eg, hypnotics). A different pat-

a average lag-time of 6 months seems sufficient to avoid such bias.

tern was seen for preventive medications (eg, statins, angiotensin-

Studies on cancer prognosis is another increasingly common but in-

converting enzyme inhibitors, etc.). While establishment of a diagnosis

herently difficult 27-29 pharmacoepidemiological discipline. As illus-

of a potentially lethal disease can be seen as an opportunity for eval-

trated by our study, drug use around the time of an EOC diagnosis

uating if preventive drug therapy should be continued,4,16,17 we found

cannot be perceived as a random event. Rather, new drug use after

only very limited changes in the postdiagnosis use of preventive med-

the diagnosis is, for the majority, closely related to cancer symptoms

ications. This is in full accordance with previous studies on end-of-life

and use of preventive medicines around and after the cancer diag-

18

drug use, both among patients with advanced cancer disease

and

among patients with limited life expectancy in general.19

nosis is governed by increased medical surveillance, prediagnosis
comorbidity, and, to some extent, cancer prognosis. As such, com-

One specific and increasingly recognized issue is the risk of

parison of cancer survival among users vs nonusers of a certain drug

drug-drug interactions, which is of particular concern among cancer

after the EOC diagnosis may be confounded by (the typically incom-

patients due to the typical narrow therapeutic index of chemother-

pletely assessed) baseline prognosis, and careful evaluation of the

apeutic agents. 20,21 Examples of drug-drug interactions with che-

influence of temporal exposure patterns in relation to the time of

motherapeutic agents used in EOC therapy include the interaction

diagnosis on the studied association is warranted.

6 to 0
(n = 2742)

Osmotically acting laxatives

Potassium

Platelet aggregation inhibitors
excluding heparin

Thiazides and potassium in
combination

Sulfonamides, plain (high-ceiling
diuretics)

Beta-blocking agents, selective

Dihydropyridine derivatives
(calcium-channel blockers)

Angiotensin-converting enzyme
inhibitors, plain

HMG CoA reductase inhibitors
(statins)

Glucocorticoids

Triazole derivatives (antimycotics)

Propionic acid derivatives (mainly
ibuprofen)

Natural opium alkaloids (opioids)

Other opioids (mainly tramadol)

Anilides (mainly paracetamol)

Benzodiazepine derivatives
(hypnotics)

Benzodiazepine-related drugs
(hypnotics)

Selective serotonin reuptake
inhibitors

A06AD

A12BA

B01AC

C03AB

C03CA

C07AB

C08CA

C09AA

C10AA

H02AB

J02AC

M01AE

N02AA

N02AX

N02BE

N05BA

N05CF

N06AB

The official WHO name is used, with specification provided in parentheses.

7%

9%

9%

13%

7%

2%

4%

18%

10%

11%

11%

7%

15%

17%

6%

1%

1%

7%

9%

9%

13%

7%

1%

10%

1%

4%

19%

10%

11%

12%

7%

15%

17%

7%

1%

1%

11%

7%

9%

9%

15%

6%

2%

9%

1%

4%

20%

11%

12%

12%

7%

15%

18%

7%

1%

1%

12%

8%

15%

14%

18%

12%

6%

10%

2%

5%

21%

11%

13%

12%

11%

16%

19%

9%

4%

8%

22%

10%

30%

19%

28%

18%

17%

12%

10%

9%

17%

9%

11%

13%

13%

15%

16%

13%

11%

20%

30%

10%

18%

14%

20%

11%

10%

10%

5%

7%

17%

9%

12%

12%

10%

13%

15%

10%

7%

7%

24%

6 to 12
(n = 1969)

10%

16%

13%

20%

10%

9%

9%

5%

7%

18%

9%

11%

12%

9%

14%

16%

10%

6%

6%

23%

12 to 18
(n = 1731)

10%

17%

13%

23%

10%

10%

9%

4%

8%

18%

9%

13%

11%

9%

13%

16%

10%

7%

7%

24%

18 to 24
(n = 1557)
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1%
9%

Propulsives (antiemetics)

A03FA

10%

Proton-pump inhibitors

A02BC

12 to 6
(n = 2742)

0 to 6
(n = 2243)

18 to 12
(n = 2742)

24 to 18
(n = 2742)

Name of drug classa

ATC

Months following diagnosis

Months before diagnosis

Time relative to epithelial ovarian cancer diagnosis

TA B L E 3 Use of the 20 most commonly used prescription drugs, defined by their prevalence of use in the 6-month period immediately after diagnosis, in 6-month intervals from
24 months before to 24 months after epithelial ovarian cancer diagnosis. Sorted by ATC code
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In conclusion, we have shown that drug use is frequent among
postmenopausal women with EOC, with a considerable increase of
new drug therapy around the time of the cancer diagnosis but only
limited changes in the use of preventive medicines following the
EOC diagnosis.
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